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Abstract
Digitization is developing fast and has become a powerful tool for digital planning, construction and operations, for 
instance digital twins. Now is the right time for constructive approaches and to apply ethics-by-design in order to develop 
and implement a safe and efficient artificial intelligence (AI) application. So far, no study has addressed the key research 
question: Where can corporate digital responsibility (CDR) be allocated, and how shall an adequate ethical framework 
be designed to support digital innovations in order to make full use of the potentials of digitization and AI? Therefore, 
the research on how best practices meet their corporate responsibility in the digital transformation process and the 
requirements of the EU for trustworthy AI and its human-friendly use is essential. Its transformation bears a high potential 
for companies, is critical for success and thus, requires responsible handling. This study generates data by conducting 
case studies and interviewing experts as part of the qualitative method to win profound insights into applied practice. It 
provides an assessment of demands stated in the Sustainable Development Goals by the United Nations (SDGs), White 
Papers on AI by international institutions, European Commission and German Government requesting the considera-
tion and protection of values and fundamental rights, the careful demarcation between machine (artificial) and human 
intelligence and the careful use of such technologies. The study discusses digitization and the impacts of AI in construc-
tion engineering from an ethical perspective. This research critically evaluates opportunities and risks concerning CDR 
in construction industry. To the author’s knowledge, no study has set out to investigate how CDR in construction could 
be conceptualized, especially in relation to digitization and AI, to mitigate digital transformation both in large, medium- 
and small-sized companies. This study applies a holistic, interdisciplinary, inclusive approach to provide guidelines for 
orientation and examine benefits as well as risks of AI. Furthermore, the goal is to define ethical principles which are key 
for success, resource-cost-time efficiency and sustainability using digital technologies and AI in construction engineering 
to enhance digital transformation. This study concludes that innovative corporate organizations starting new business 
models are more likely to succeed than those dominated by a more conservative, traditional attitude.

 * Bianca Weber-Lewerenz, bianca.christina@gmx.de, http://www.researchgate.net/profile/Bianca-Weber-Lewerenz | 1Bianca Weber-
Lewerenz Engineering, Engineering and Applied Sciences, Aichtal, Germany.

Article Highlights

• Highlights the role model function of construction engineering in human-led and value-based AI for other sectors, 
creates awareness of the potential of digital transformation and offers constructive solutions to shape this process 
for the benefit of companies and society.

• Fill in the construction engineering niche in the ongoing interdisciplinary debate “Ethics in AI” and engage nationally 
and internationally recognized institutes as supporters and mentors.
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• Identify CDR with ethical principles as the key driver for success, resources-cost-time efficiency and sustainability 
using digital technologies and AI in construction engineering.
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1 Introduction

When science and technology, such as AI, meet human 
application, ethical moral issues arise. This debate is not 
new. Experts in Medicine, Biomedicine, Healthcare, Auto-
motive, Ethics, Theology and Philosophy have long been 
analysing and critically evaluating the ethical aspects of 
technology’s impact on human beings and society. The 
positive result of the inclusion of multidisciplinary aspects 
and revealing key factors for success in business show that 
such an approach in construction both supports the sus-
tainability development goals (SDG), to develop trustwor-
thy AI and uses the potentials of AI in a sensible and safe 
manner. These results are beneficial for the introduction 
of ethical AI debates in construction as we already know 
them from other sciences. Technical ethics, used as basis 
for ethical reflections in technical sciences, is part of ethics 
and, as a science, part of philosophy. It has a high practical 
application value because technical decision-making pro-
cesses are about evaluating and weighing up advantages, 
disadvantages, opportunities and harm, as well as influ-
ences on the common good. In order to get closer to the 
design of possibilities of a successful, sustainable digital 
transformation in the construction industry concrete steps 
must be taken towards a more efficient, economic project 
life cycle with safe use of innovative digital technologies. 
Therefore, this study critically illuminates and points out 
both how AI may support sustainable activities and how 
risks lead to the need for responsible digital innovation 
guided by ethical principles. Digital transformation and 
digitization are based on AI. AI makes software intelligent 
and is based on data—the more, the better. Algorithms 
evaluate this data and recognize patterns and features. AI 
is the so-called umbrella term for applications in which 
machines provide human-like intelligence such as learn-
ing, judging and problem solving. Developing, apply-
ing and maintaining such data-driven technologies—as 
described in Sect. 2 and within the Case Studies requires 
orientation in order to be able to assume related digital 
responsibilities.

The core of this study lies in specifying the framework of 
CDR, defining various responsibilities that corporate units 
need to take to carefully develop, apply and adjust tech-
nologies in the field of AI and recognize its related impact 
factors. These factors are analyzed and illuminated from 
different angles with the help of expert interviews from a 

wide variety of specialist disciplines and areas of responsi-
bility. By carefully selecting the underlying data collection 
and methodology, various key elements could be iden-
tified. This rapidly evolving topic cannot develop its full 
informative value without extensive qualitative research, 
set of surveys and insights into the issues of ethical AI in 
the German construction industry.

Taking into account its often traditional, conservative 
attitude, the construction branch in particular is encour-
aged to act with more courage and increase the will for 
more innovation as it plays a significant role: nothing is 
shaped more by human hands than the individual manu-
facturing process of each individual building, in the close 
and reliable cooperation of a comprehensive network of 
construction project actors. The construction industry 
clearly stands out from other industries due to its individ-
ual, unique and highly demanding manufacturing process, 
but also due to its small-scale, fragmented industry. There-
fore, new opportunities and innumerable potential fields 
of application for AI do exist. In addition, civil engineers 
have a particularly high level of responsibility in the design 
of living and working spaces, cities and infrastructure, in 
making full use of supportive technologies for the effi-
cient, sustainable work and ethical decision-making pro-
cesses. Humanity shall develop and design AI, adapt it to 
new developments, control it, define fields of application 
and use it sensibly. Human beings are required to make 
use of the potential, break new ground that the technolo-
gies offer—all geared towards the common good.

The study follows an "embedded ethics approach" in 
the development of AI. Ethics is a sub-discipline of phi-
losophy. It is by definition the reflection theory of morality. 
Even from this abbreviated definition, the question arises 
to what extent it makes sense to address morals to the 
practical questions of technology. The study clarifies the 
relationship between the two disciplines and adapting 
ethical reflection for technical decision-making to enable 
a safe and successful human–machine interaction. "Eth-
ics by design" includes the ethical aspects from the very 
beginning: moral questions, aspects of value, search for 
meaningful application. Ethics is an integral part of AI 
development, since AI is developed, designed and used 
by humans. AI technologies are supposed to assist and 
ease human work. In Germany, this form of ethics in engi-
neering is referred to as “Technical Ethics” following the 
scientific theory of technology assessment. Like Socrates, 
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Greek philosopher and founder of Ethics, and the philo-
sophical current dealing with the main question of how a 
person should live in order to lead a good life, this research 
study poses a fundamental ethical research question: How 
can innovative digital technology and AI be developed to 
ensure safe, efficient and sustainable human work and 
which ethical framework offers guidance and orientation?

Such a holistic research goes beyond dominant finan-
cial focus; it aims to create societal and economic benefits 
at its core and may encourage other branches to recognize 
the benefits of ethical principles of digital transformation 
for a strong corporate culture. The study derives this as a 
foundation and builds on it. Furthermore, humans must 
be placed in the centre of all technological developments 
that is a human-centred engineering. At the same time, 
they should be familiar with the possibilities of technology 
and set up an ethical framework, supporting the CDR and 
coping with the challenges of AI.

As this field of research fills in a new scientific niche 
with almost no treatment in the scholarly literature and is 
just beginning to be addressed by different industry and 
government organizations, the study itself is based on an 
extensive set of surveys and expert interviews. It uses the 
combination of insightful interviews and the survey data 
to develop a deeper knowledge of the issues of ethical 
implications in AI, specifically in the German construction 
industry. Both theoretical background and comparison of 
recent research on the general ethical issues and connec-
tions of human–machine interactions, and the risks occur-
ring with data-driven technologies add value to applied 
sciences and just emerging scholarship in this area. Among 
the ways of operationalizing responsible, morally reason-
able handling of emerging technologies in corporate envi-
ronments, the results and discussion section identifies the 
benefits of AI and delivers answers onto requests made by 
high level social and economic and political institutions for 
trustful, transparent AI and fulfil societal, economic and 
environmental responsibilities. The ongoing societal and 
interdisciplinary debate in media, conferences and pub-
lications is one of the key elements of CDR empowering 
human-friendly digital innovation.

1.1  Theoretical background

The evolution of Technical Ethics provides the under-
standing for the herein applied method, significance 
of selected Case studies for this study, the most recent 
state-of-the-art and the need of ethical frameworks for AI 
in construction. This new field of research extends over 
ethical, social, and economic impacts of digitization and 
AI on human, societal and technological development. 
Based on theories of Technical Ethics, assessment of 

consequences of technologies, and the critical theory of 
reflection in applied Technical Ethics support this design 
of research, lay the foundation for the critical evaluation 
of ethical impacts of emerging technologies leading to a 
new framework of technical development and application. 
Thus, such a practice-oriented solution, deriving from this 
theoretical background research, sets the foundation for 
corporate learning culture—in the sense of the common 
good and to achieve and maintain sustainable develop-
ment goals [1, 2].

The term ´AI´ was coined by John McCarthy, in 1955. 
In 1975, the Asilomar Conference set a milestone by sci-
entists and engineers’ announcement of their obligation 
to assume responsibility. The philosophical discourse on 
moral and ethical questions of technology had its break-
through with Hans Jonas’ Principle Responsibility in 1979. 
In the 1990s, technology was considered value-neutral. 
Moral and ethical problems in development, design and 
handling of technology were reflected by Grunwald in 
2013. Since the 1980s, the literature on technical ethics 
has increased in two areas: engineering ethics related to 
professional ethics and ethical questions about the newly 
developed technologies. With increasing technological 
progress and complex human decision-making processes 
technology ethics emerged by offering orientation to nor-
mative fears. Scientific research on human-friendly AI for 
the common good took off, especially in philosophy, theol-
ogy, law, social and economic sciences, leading to the term 
’Ethics in technology’. Grunwald [3] is a leading researcher 
in this field. As a result of researching trustworthy handling 
of AI, industry and corporate Codes of Ethics have been 
developed, not least to counter the legal pressure due to 
allegations of discrimination. With increasing digital and AI 
technologies, research in these fields followed by human-
operated technology and the evaluation of the ethical use 
of technology to meet sustainability goals. The finding that 
trust in this new technology and understanding its func-
tion can only be created through education, awareness-
raising and transparency, led to terms such as "Explain-
able AI". The Institute of Electrical and Electronic Engineers 
(IEEE) developed the first ethical standard for technology 
development. The construction discipline with research in 
digitization, AI and the field of ethical aspects becomes 
more and more visible on the German AI landscape (Fig. 1).

While the study of ethics has a history dating back to 
Aristotle in the fourth century BC [4], including philosophi-
cal research by Immanuel Kant [5], it remains a salient area 
of study, and its relevance for the area of AI is illustrated by 
publications by the Roman Catholic Church [6], the UN [7], 
European Commission [8] and Data Ethics Commission of 
the German Federal Government [9] among others. When 
dealing with digitization and AI the General European Data 
Protection Regulation 2016 prioritized the protection of 
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personality, data and privacy. In the US, the White House 
Office of Science and Technology Policy responded with 
a report on how to deal with AI technologies responsibly 
within the rapid global digital transformation [10]. Sci-
entific literature reflects the broad discourse on human-
centred AI design and CDR with titles such as “Possibility of 
the good—Ethics in the twenty-first century” [11], “Digital 
ethics—A value system for the twenty-first century” [12], 
“Digital humanism—An ethics for the age of the artificial 
Intelligence” [13], “AI—What it can do and what awaits us” 
[14], “An algorithm has no tact. Where artificial intelligence 
is wrong, why it affects us and what we can do about it." 
[15]. Still, related literature in construction is missing and 
thus, provides the argument to fill in the gap with this 
study.

2  Methodology

The research gap was addressed through Case studies 
from business practice as part of the qualitative, struc-
tured research methodology. Experiences and observa-
tions on multiple real-life applications, as part of empirical 
social research for systematic data generation, provided 
adequate resources. The reason for choosing this method 
is that the field of research is a marginal area; the topic is 
still new, there is only literature in other sciences. Intensive 
expert interviews conducted by the author as part of this 
study’s qualitative inquiry and research design offer the 
best method for performing research in applied sciences 
for gaining knowledge and deep insights into the status 
and use of technologies, ethical attitudes, opinions, moti-
vations to act, needs, tendencies, critical reflections, social 
problems as well as recommendations for constructive 
solutions [16]. The Case studies are extremely illuminating 
in that most of the shared experiences and background 
knowledge explain the complexity of impacts and influ-
encing factors that are heavily dependent on one another 
or are mutually dependent. This method was found as to 
best allocate CDR and provide approaches for its adequate 
ethical framework design to support digital innovation in 
order to make full use of the potential of digitization and 
AI in the construction industry. The development of inter-
view guidelines on the research-relevant criteria, subject 
areas, indicators, with open and closed questions served 
as an instrument for data collection. This serves to map 
the complex practice of everyday values and empirical 
values: the identification of additional influencing factors, 
gaining systematic knowledge of entrepreneurial think-
ing, handling and proceeding, recording, processing and 
documentation of data, deriving strategies, localizing 
responsibilities. Based on surveys being conducted on a 

yearly basis—the first was performed between Novem-
ber 2019 and December 2020 applying partially standard-
ized scientific questionnaires and field notes on ongoing 
interactions in various types—the following methods are 
essentially used for data collection for this interdiscipli-
nary, holistic approach: personal and written interviews 
by personal meetings or telephone conversations, obser-
vation (in person in the research field or by video), writ-
ten documents (media reports and files), email commu-
nication and round-table discussions with respondents. 
Expert surveys were carried out with the aim of obtain-
ing profound, detailed data at all levels of working fields 
and responsibilities. German and international construc-
tion engineering associations, Chambers of construction 
trade associations, Departments for digital transformation 
in German Ministries, research centres, educational and 
academic institutions and Ethics and AI Institutes partici-
pated in that survey. Such frequently conducted surveys—
annually or biennially—allow for the regular monitoring, 
analysis and evaluation of a more accurately generated set 
of data, along with the relatively new development and 
applications of these technologies. The present study is 
based on the first round of interviews receiving 90 per cent 
of survey responses. For this survey, the author selected 
50 leading experts from research, transfer institutions and 
associations with focus on the research area. AI in large 
companies and medium-sized companies is still in its early 
implementation phase, but understanding and aware-
ness are increasing. In an early market phase, scientists 
are usually more familiar with the opportunities and chal-
lenges of the new applications than representatives from 
practice—due to a lack of pool of users. Also, the experts 
being interviewed mainly come from the transfer area 
at the interface between science and implementation in 
practice. For this reason, the respondents are familiar with 
the business challenges. As AI and digitization are in their 
early stages, the interviewees, adopting these methods 
and tools, belong to a younger generation—30 to 45 years 
old—and are academically trained in new innovative fields 
of engineering and IT. Around 20 AI and ethics experts are 
representatives from Fraunhofer and Max Planck Institutes, 
AI and Ethics Research Associations in Baden-Württem-
berg such as the Cyber Valley in Tubingen—Stuttgart, AI 
research centres at universities, country-specific build-
ing information modelling (BIM) clusters and institutes 
for business ethics and academic representatives of Civil 
Engineering. Table 1 visualizes the extract of the survey’s 
questions.

Around 30 representatives from politics and business 
took part in the survey, including steering groups for 
sustainability and digitization, global corporations, com-
panies playing a pioneering role implementing digital 
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Fig. 1  Map of selected location: AI in construction in Germany. Source: Bianca Weber-Lewerenz
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technologies which are considered as best practices, and 
small and medium-sized enterprises (SME).

Selected aspects of the results of the survey were then 
subjected to an in-depth analysis with the help of expert 
interviews (Table 2). Additionally, the study made full use 
of collecting data by national and international research 
literature, books and journals, exchanges between experts 
shared by international virtual panel discussions and 
forums, cyber forums, AI and Ethics roadshows, virtual 
summits, presentations, interviews and speaker series, 
group discussions and observations on media reports.

Each interview conversation was planned and system-
atically analysed afterwards. Typing and interpretation 
were used for the evaluation process. In the qualitative 
content analysis, the interviews were interpreted and 
evaluated according to a rule based on a question [17]. 
On this basis, a summary content analysis can be carried 
out. Here, the examined material is reduced to a man-
ageable short text. Only the essential content is retained. 
In this way, a manageable body of all the material can 
be created. The summary content analysis is particularly 
useful in this research, as one is interested in the content 
level of the material. With the help of case and group 
comparisons, similarities and differences between indi-
vidual respondents could be worked out, as well as final 
generalizations could be derived [18].

A strong point of the study is the cooperation with 
Fraunhofer IAO Institute Stuttgart in the frame of pre-
senting new findings in a common study on “AI in Con-
struction Industry” [19]. Secondly, a global player com-
pany requested new findings to be introduced into the 
corporate ethical framework, AI customized. Thirdly, the 
research results are also made available to an association 
that certifies and audits ethics management in construc-
tion companies, including potential corporate adjust-
ments that this study recommends for the meaningful 
use and safe handling of digitization and AI.

The key findings and deriving recommendations are 
shared with the Task Force on Digital Transformation at 
the T20 Conference in preparation of the decision papers 
for the G20 Summit in October 2021.

It should be emphasized that this is an expert survey. 
Therefore, there is no claim to representativeness. Fur-
thermore, this study is about an in-depth assessment by 
technical experts.

3  Results and discussion

3.1  Results

The construction industry is challenged by both cor-
porate social responsibility (CSR) and CDR in an era in 

which AI is expanding. Thus, technologies require corpo-
rate responsible handling by reflecting their own social 
responsibilities towards human beings and society. CDR 
was found a key factor for enabling successful digital 
transformation in companies and to fulfil their responsi-
bilities. As a result of the high demand for both techno-
logical development and value-based decision making, 
CDR has come into focus within the construction indus-
try as a feasible holistic approach to enable the imple-
mentation of human-led digitization and AI. Employing 
Case studies, the study reviews status quo, new tech-
nologies, interdisciplinary interfaces, current research, 
design of practical implementation and the ethical 
and legal framework. One of the evaluation results of 
the interview surveys is the strong need for guidelines, 
standards and binding rules, also in legislation. Fur-
ther, the educational landscape has to be adjusted in 
such a way that the next generation of engineers will 
not only have expanded skills in digitization and AI, but 
also possess the necessary ethical and multidisciplinary 
competencies.

The construction industry has proven to be a good 
example for demonstrating existing gatekeepers, bar-
riers, partial prejudices, negative attitudes and a lack of 
both digital and AI education and encouragement of 
constructive approaches to overcome and strengthen a 
sustainable digital age. The strengthening of inclusion 
and diversity do not only derive from an ethical respon-
sibility but also from the principle of the common good 
[20] and the expansion of the value chain as to mobilize 
resources to achieve an ’ecosystem of excellence’ [21].

Despite strong order books, construction and engineer-
ing companies face sustained cost pressures and the lack 
of a skilled workforce. New digital technologies and AI 
help to realize new operational efficiencies, new business 
models, increase education for newly required qualifica-
tions and offer new workplace solutions and job oppor-
tunities. New digital technologies include digital twin, 7D 
simulation, 3D modelling by building interior scan and 
exterior drone scan, visualization and building accessibil-
ity. Methods of AI are based on machine learning, deep 
learning, predictive analysis and technologies as to enable 
applications such as AI-based data and project manage-
ment, AI-based process performance, AI-based technical 
building automation and automation of engineering tasks, 
parametric design, generative design by programmed 
algorithms, visual image recognition, semi-automatic 
component recognition.

The construction industry plays a vital role in national 
economies: it had a significant positive impact to the US 
economy by added more than $900 billion in the first 
quarter of 2020, which is the highest levels since the 2008 
recession [22]. Construction is considered a major driver 
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of the German economy and also the sector with the high-
est  CO2 emissions, specifically in cement production. As a 
result, the construction industry and its associated compa-
nies bear significant responsibilities for the environment 
and climate. The challenges can be met by data-driven 
technologies that decrease the use of resources, ease 
efficient project life cycle, ease human work and make it 
safer, and support all sustainable activities involved such 
as long-term corporate digital business models and the 
education of qualified personnel. The current performance 
of construction projects struggles to keep within budget, 
time and to maintain high-quality standards, but especially 
lacks efficiency in all processes involved. Digital technolo-
gies and AI could enhance significantly the efficiency at 
all levels, but first needed corporate responsibilities have 
to be mastered. The increasing complexity of processes 
and the occurring risks of digital transformation on both 
human, technologies and human–machine interaction 
itself lead to a need for responsible innovation, orienta-
tion, sensible and safe development and an overall CDR 
culture in the construction industry. The study identified 
the design of CDR for the digital transformation process 
as a key solution.

Although CDR can help enlarge value chains, save long-
term costs, and achieve sustainable development goals, it 
is not yet broadly used and thus its full potential has yet to 
be reached. Stakeholder concerns, missing transparency, 
environmental restrictions are among the obstacles that 
hinder widespread adoption of CDR [23]. In fact, to achieve 
sustainable innovation, including the use of digital meth-
ods and AI, it has been suggested that ethical decision 
processes should be institutionalized in corporate culture 
on a global basis [24]. Instead of examining the question 
“Is the new airport in Berlin a curse or a blessing?” the 

study is devoted to “CDR in the construction industry and 
ethical principles” in order to urgently raise awareness of 
methods and potential fields of applications of digitization 
and AI. The study identified moral and ethical principles 
as key for orientation in both researching and applying 
these technologies, and as essential factors for successful 
sustainable digital transformation in complex decision-
making environments.

The study identifies approaches to develop, control and 
apply technology and science in an ethically and morally 
justifiable manner. The evaluation of the respondent’s 
results shows that AI has potentials in many fields such as 
easing human work, data accessibility, increasing project 
time and cost planning efficiency, quality, safety and risk 
management, protecting natural resources and climate 
a well as enabling new competitive, innovative business 
models. At the same time, the study’s approaches by the 
construction engineering discipline answer international, 
national and UN white papers´ requests for responsible, 
safe and sustainable human-technical interaction in the 
frame of these vibrant and quickly growing AI technolo-
gies. Thus, it contributes on an economic, social and eco-
logical level. Germany has an important role model func-
tion for other countries to lead into the new century of 
technology.

The collaboration with Fraunhofer Institute IAO for 
including this study’s ethical aspects in the study on AI 
in construction, commissioned by Cyber Valley in 2020, 
highlights the pioneering role and urgent need for action 
in embedding ethical principles into the earliest phase of 
technological development and its fields of applications. 
This close cooperation between strong partners coming 
from research and applied science sends a strong signal, 
especially to corporations, both intensifying the awareness 

Table 1  Extract of the survey questions. Source: BiancaWeber-Lewerenz

1 What is your opinion on the status quo of digitization and artificial intelligence (AI) in the construction industry?
2 Why does only a minority of construction companies use digital method such as BIM?
3 Do you use? If yes, what are your experiences? If no, what are the problems and limitations?
4 Where do you see the potential of ethical framework and standards for the use of digital technologies and AI in construction?
5 Compared to other branches, construction industry plays a special role in modern digitalization methods. What is it about?
6 Where do you identify and allocate the use of digitization and artificial intelligence (AI) in the construction industry?
7 Your company increasingly uses digital methods and AI. Which ethical standards and framework are necessary for the responsible 

handling in construction companies, especially with data, from your point of view?
8 Why do you think ethics should be part of academic engineering training?
9 What’s your estimate of the need for digitization and AI in construction? And what are the most important skills of engineers—profes-

sional and personal—to successfully face the challenges of digital transformation?
10 What’s your estimate of the willingness of construction companies to integrate digitization?
11 What limits and risks does a company experience when implementing digitization and what opportunities arise? (e.g. in the field of 

technology, people and specialists, company structure, ethics, mission statement, law, politics, etc.)
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of ethical fundamentals in digital transformation discus-
sions and focussing on the significant potential of AI tech-
nologies and methods in construction industry as well as 
providing adequate corporate digital infrastructure.

The study’s results do not only offer an added value to 
the scientific, multidisciplinary discussion on ‘Ethics in AI’ 
and complement current research debate on the poten-
tials in construction, but also enhance the efficiency of the 
project life cycle and sustainable digital transformation led 
by ethical principles and a human-led AI. The study led 
to elevate the construction industry into the most recent 
research study called AI ULTRA, promoted by the German 
Federal Ministry of Labour and Social Affairs, aiming for 
guidelines for action and an evaluation toolkit. Organiza-
tions can fully exploit the potential of AI technologies, face 
this complex human and technical transformation process 
and use AI-based technologies sensibly and safely.

Since this is a whole new scientific field of research and 
the topic has not been examined before, this study could 
not include a section that highlights a comparative analy-
sis with previous studies.

4  Discussion

4.1  CDR in general

One of the core tasks in the digital era for decision-makers 
in social, political, educational and corporate environ-
ments is to identify the benefits of AI and how to opera-
tionalize it in a responsible, morally reasonable way [25, 
26]. There is a consensus between all interviewed experts: 
it is essential to strengthen entrepreneurship ecosystems 
by diverse approaches. The study shares the essence in 
the following and adds interpretations. Emerging tech-
nologies play a fundamental and catalytic role in digital 
transformation. The pandemic crisis has highlighted the 
need, value and appreciation for empathic and humble 
leadership styles. The Critical Path, that this study reveals, 
consists also in strengthening inclusion and diversity that 
does not only derive from ethical responsibility, but the 
principle of the common good and the aim to expand the 
value chain. The construction industry, experiencing a 
continuous decrease in skilled workmanship, could benefit 
in various ways from an inclusive debate using women’s 
potential to empower digital innovation and digital econ-
omy as the facts speak for themselves: a not negligible 
part of financially successful companies are led by women. 
AI subsumes numerous applications that have one com-
mon characteristic: taking over cognitive tasks that previ-
ously only could be done by humans. This is why human 
beings and machines move increasingly closer together. In 
this context, diversity represents the key to avoid gender 

bias, discrimination and filter bubbles in developing data-
driven tech.

Furthermore, despite strong order books, construction 
and engineering companies face sustained cost pres-
sures and the lack of a revised and adjusted educational 
landscape to produce a skilled workforce. New digital 
technologies and AI help to realize new operational effi-
ciencies, new business models, increase education for 
newly required qualifications and offer new workplace 
solutions and job opportunities. The construction indus-
try could benefit significantly by implementing the strate-
gic decision-making processes, planning and operational 
phases more efficiently by both standardizing digital tech-
nologies, methods of AI and increasing corporate women 
leadership. In short, diversity is essential to a cutting-edge 
portfolio in construction to shape digital transformation 
holistically, successfully and sustainably. Proof of hard facts 
such as the increase in economic efficiency (ROI) and over-
all excellence in corporate digital culture—evidenced in 
yearly corporate reports—rationalize gender discussions. 
It is time to fundamentally rethink technological progress 
enabling new business models in construction and to keep 
up with digitization in a sustainable manner, by empower-
ing digital innovation, digital economy, inclusiveness, gen-
der parity, safe and transparent human–machine interac-
tion. To achieve such goal, societal and ethical issues need 
to be identified and dealt with as rapid technical develop-
ments such as AI require control and orientation on what is 
harm or added value for human. Technical business trans-
formation includes digital transformation by synchroniz-
ing and harmonizing with a profound human transforma-
tion. This transformation will cause technological, social 
and cultural disruption that will redesign the way we live 
and work. To shape this transition successfully, Ethics is 
perceived as an empowering way to recognize the values 
of a society in corporate culture and decision-making pro-
cesses, empowering human growth, technological devel-
opment, trust, responsibility, and consciousness.

4.2  Diversity

Intensified by digital change, inclusion, diversity, corpo-
rate governance, integrity, gender gaps, mandates and 
boards for financial and societal benefits increasingly 
come into focus [27]. Unfortunately, algorithms all too 
often have a “gender bias”, a gender-related distortion 
effect, for example male thought patterns in the selection 
of job applicants leading to discrimination, as algorithm 
experts discuss around the globe. Scientific journals reflect 
the significant increase of scientific research in this specific 
field. They address the sources and detection of gender 
bias, consequences and options to mitigate and prevent. 
One key finding is that digital technology helps both to 
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remove existing gender bias, for example in academia, 
and prevents inequality in researching and developing 
AI. Thus, it is even more important to perform targeted 
training of machines, algorithms, and learning systems by 
multi-diverse teams. Understanding such interactions and 
dependencies among each other, AI is seen as an answer 
on sustainability and a fair gender future; it is the approach 
for operationalizing the White Paper on AI of the European 
Commission. There are four main pillars of disruptive and 
transformative change our society needs to undergo due 
to the technological advances: educational, professional, 
cultural and governance.

Some of the latest emerging technologies (such as 
Blockchain, AI, Next Generation Computing, 5G and 6G, 
3D, IoT, AR, VR and XR etc.) can serve as catalysts or gate-
ways to enhance inclusion and diversity when deployed 
mindfully. However, they can also easily become the con-
duit for severe unintended consequences that worsen 
the gender gap. Developing state-of-the-art proactive 
digital ethics programmes that facilitate and accelerate 
the attainment of the United Nations Development Goals 
would be ideal for a long-term success.

4.3  Regulation

Ethical and moral aspects are the top priority when it 
comes to ensuring corporate governance, required by 
legislators and stock exchange regulators as a result of 
corruption scandals, racism, and manipulation of technol-
ogy in various industries. Over the past years, stakeholders 
increasingly requested transparency in the yearly corpo-
rate reports. Another option considered as a corporate 
responsible response seemed to be to hire a Chief Ethics 
Officer. Often such a department covers corporate diver-
sity, inclusion, the promotion of women in management 
and leadership positions. More and more companies real-
ize the significant role of HR, digital ethics, and corporate 
digital responsibility to shape a successful digital trans-
formation. Thus, digital change speeds up the process of 
these previously separately working units to increasingly 
grow together.

Diversity and digital transformation are closely linked. 
It is seen that the widespread implementation of both is 
essential to exploit important potential for both the entre-
preneurial and the common good. On the one hand, the 
goal is to conserve resources, the climate and the environ-
ment, to think through the construction cycle from the 
project idea to dismantling and recycling, on the other 
hand to create attractive structures that are optimally 
embedded in the landscape, efficiently operated, and 
usable for generations, supported by constantly evolving 
technologies, used sensibly and with awareness of values. 
The scientific debates in the areas of quantum computing, 

blockchain and digital currency, which are developing just 
as rapidly as AI, have recognized that ethical issues must 
also be incorporated.

4.4  Standards

The ultimate goal is to achieve a relation of morality and 
technology and human-tech interaction that is healthy 
for human beings, taking responsibility as corporations 
for digital environments, the fields of using AI, evaluating 
its chances and its risks, and to encourage developers and 
users to act responsibly. To allocate and examine oppor-
tunities and risks of human-led technologies undergoing 
digital transformation is seen as key responsibility in order 
to deal with them in a targeted manner. One of the major 
outcomes of this scientific study in construction, in addi-
tion to studies in other sciences on AI in general, is the 
finding that standards and binding rules of the ethical 
framework for using AI must be set on the political level 
and by law. The reasoning goes as follows: pure personal 
responsibility is no longer enough, because many com-
panies ignore it or cultivate “Greenwashing”. Furthermore, 
AI can be manipulated and used in a discriminatory man-
ner. Another finding is that the educational and academic 
landscape has to be adjusted in such a way that the next 
generation of engineers not only have expanded skills in 
digitization and AI, but also possess the necessary ethi-
cal and multidisciplinary competencies. In fact, to enlarge 
value chains, save long-term costs, and achieve sustain-
able development goals (SDGs), it has been suggested that 
ethical decision processes should be institutionalized in 
corporate cultures around the globe.

This study is part of a larger research project of the 
author, which goes beyond the dominant financial focus 
and aims to create societal and economic benefits for the 
construction industry at its core. The construction branch 
is envisioned to encourage other branches to recognize 
and fully use the potential of the ethical implementation 
of digital transformation within a strong corporate culture. 
This research is met with the utmost approval to enhance 
the awareness, education and application of AI. The pop-
ularity of the topic among expert groups inspired the 
author to found the “Excellence Initiative for sustainable 
human-led AI in Construction” in 2020. It strengthens the 
dynamics of such processes in order to give this industry a 
pioneer role. To a larger extent, the initiative symbolizes a 
milestone on the way to bridge the gap between technol-
ogy and philosophy and practicing interdisciplinarity for a 
common societal goal.

Here, the construction industry is not yet visible. Digital 
transformation and AI are changing this perception. Lan-
guage transfer, transparency and education are essential 
for gaining trust in new technologies, participating and 
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shaping the digital transformation process, moving for-
ward and fully using all potentials. Construction has just 
started applying first digital methods, and the first AI tools 
can simplify, augment and amplify human efforts. The 
understanding and knowledge of such technologies are 
still limited to a minority of people in research and devel-
opment, leading to the conclusion that its opportunities, 
the risks and weak points of the technology need further 
education, communication and transparency. These new 
technologies offer new fields of qualifications and com-
petencies. They create more economical and efficient 
handling of projects, transferring routine processes to 
machines, increasing protection of climate and of human 
and material resources and fulfilling sustainability goals. 
First experiences in the practical application of digitiza-
tion and AI show how these new technologies relieve and 
support people, make human work safer, facilitate com-
munication and make work processes even more secure.

4.5  CDR and CSR in practice

Ethical responsibility in AI has been emphasized since their 
application is soaring without much consideration of both 
positive and negative impacts on the construction indus-
try. The importance of Ethics in AI and the lack of consid-
eration of the construction industry’s CDR is pointedly 
emphasized by the lack of research prior to this study. The 
high level of practical relevance strengthens the construc-
tion sector. The study appeals to large, medium and small 
companies as the interviewed experts share their experi-
ences with these corporate backgrounds. The construction 
industry has a prominent position with its unique, highly 
demanding manufacturing process of each individual 
building and large networks of numerous construction 
project participants. All interviewees conclude that to 
plan, execute and operate projects more efficiently—espe-
cially on a more sustainable economic, social and ecologi-
cal level—digitization and AI are indispensable to support 
human work, performance and processes. In terms of the 
precautionary principle, technology is not just a question 
of ability. In spite of all human freedom, the understanding 
of progress should lead to the design of technology that 
is healthier, more humane and more social for us humans. 
Civil engineers have a particularly high responsibility: to 
create working and living space of the highest quality for 
people and to work in a way that conserves resources. 
On the one hand, their goal is to protect the climate and 
the environment from the project idea to dismantling 
and recycling. On the other hand, they aim to complete 
building projects faster, cheaper and at high quality, to 
provide optimized infrastructure, optimally embedded in 
the landscapes, efficiently operated. In doing so, the pro-
cesses are supported by constantly evolving technologies. 

Construction industry is associated with multiple high risks 
in cost and budget, time planning and quality. These can 
be minimized with the help of digitization and AI. The civil 
engineer creates places to live, to work, places to meet, but 
also faces increasingly complex data environments such 
as project data documentation. The responsibility to use 
these technologies sensibly in the design, implementation 
and use of buildings, must be met morally and ethically—
consciously and well beyond the technical standards and 
regulations. Because only by bringing together the core 
competencies from disciplines required for the holistic 
evaluation (civil engineering, interdisciplinary technology, 
technical ethics, digital ethics, philosophy, information 
technology and software)—as this study finds out—the 
topic of digitization and AI in construction can be com-
prehensively dealt with and firmly anchored in research 
and teaching.

One of the results after evaluating this study’s inter-
views is the omnipresent interaction of key elements of 
CDR elaborated together with experts in the construction 
branch. The overview illustrates these elements which are 
key for helping to shape the digital transformation respon-
sibly and with long-term effects, while being mutually 
dependant—visualized via a "mind map" (Fig. 2).: build-
ing up knowledge and competencies, designing all basic 
technical requirements, interdisciplinary cooperation.

Such an intense debate on human-tech interaction, 
responsibilities involved and framing ethical standards 
requires a clear distinction between human and artifi-
cial intelligence in order to define risks, overall potential, 
and areas of application. According to AI developer´s 
statements, it remains a human key responsibility to pro-
gramme, guide, control, adjust, manage and maintain 
data-driven tech: digital transformation has the great 
potential to aid both the economical and efficient build-
ing project life cycle, but technologies involve responsible 
handling, deployment, management and monitoring. In 
order to fundamentally rethink technological progress in 
construction and keep up with digitization in a sustain-
able manner, everyone involved is challenged to lead this 
process to success and shape it proactively with qualified 
human resources, an open discourse on new technical 
possibilities and the allocation of potential fields of appli-
cation. Coping with this challenge is a top priority in con-
struction. Nevertheless, there is a lack of recognizing fields 
of application and a lack of diversity. Knowledge about 
digital technologies and methods must first be acquired 
comprehensively to be able to assume digital responsi-
bility for something that many do not yet know or can-
not assess. It is a prerequisite for the greatest possible 
social benefit, economic prosperity and protection of our 
natural resources. It is time to set new sails to navigate 
digital times in a powerful, enriching, sustainable way. Best 
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practices are evidence that disruptive changes to exist-
ing corporate digital culture are a driver of more efficient 
corporate and project processes, and thus, for the increase 
in human and financial profits. The incentive to disrupt 
older processes will often spring forth new systems and 
methods that have the potential to be leaner, more effi-
cient, less prone to error, and more cost effective across 
the enterprise.

Four basic ethical principles of AI have been laid down 
by the EU Commission in its ethics paper—promoted by 
the Enquête Commission of the German Bundestag “Arti-
ficial Intelligence—Social Responsibility and Economic, 
Social and Ecological Potential” [28]. These are more rel-
evant for the construction field than ever: AI should pre-
serve human autonomy, avoid social damage, act fairly 
and remain explicable. This study derives the ethical 
framework by bridging the gap between these principles 
and virtues, ethics, digitization and AI in construction. 
German companies consider corporate culture, ethics, 
appreciation, and wellbeing of people as decisive strate-
gic importance for corporate success. But how do we want 
to design this technology? What are our expectations? 
How should it support us? Can values be guidelines for 
this technology design? How do we best familiarize our-
selves with the new technologies? Which fields of work 
do we not transfer to machine? Which problems do we 
see, where do we allocate and how do we solve them? 
Questions that are of great concern to human-technology 
interaction. Algorithms are part of everyday life for com-
puter scientists. Thus, a negligible proportion of society 
is familiar with AI and speaks such expert language. Trust 
in this new technology can only be established and built 
up by having access. Therefore, the study concludes that 
AI needs to be explainable, awareness must be created, 
and people have to be sensitized. The respondents clearly 
distinguish between human and artificial intelligence: it 
is human intelligence that programmes, guides, controls, 
corrects, manages and maintains AI. Digitization and AI 
are ethical challenges, human values and morals remain 
the most important tool kit to integrate. They help answer-
ing questions as to whether and how these technologies 
and methods can be reconciled with our moral ideas, what 
kind of concerns are perceived, which opportunities and 
advantages of technology should be used from an ethical 
point of view in the sense of the common good.

The ethical component of AI provides orientation for 
action. A vivid corporate culture practiced by corpo-
rate management is beneficial both to stand out from 
the competitive market and rapid global change and to 
strengthen human values in increasing complex working 
environments. Algorithms make assumptions contain-
ing evaluations, but humans provide data and personal 
assessment. Construction has just started to examine first 

digital methods, applying BIM and using first AI tools, con-
sidered to be a new work-life that makes human work on 
construction easier. The understanding and knowledge 
of such technologies remain limited to a minority of peo-
ple who develop or start using them. The study came to 
the conclusion that its opportunities, the technologies’ 
risks and weak points need stronger communication and 
transparency. Ethical principles for human-led AI in con-
struction have not yet been recognized although there is 
a strong need to develop and enhance a value-based AI 
consistently. One of the study’s intentions was to engage 
the construction engineering discipline for multidiscipli-
nary dialogue on ‘Ethics in AI’ and to define its own ethical 
framework for the benefit of its own branch. The impacts 
of AI on society are reason to perform this study now.

Opportunities and high potential of digitalization in 
construction offer approaches to adopt new methods from 
AI, build on existing digital data structures, e.g. BIM, and 
make them more efficient. Another of the study’s findings 
is that success and sustainability can only be achieved by 
recognizing opportunities, actively shaping digital change, 
interdisciplinary critical analysis, changing perspectives 
and complementing one another. One model-based work-
ing method that takes advantage of the innovations of the 
digital age is BIM. This method enables up to 7D—model-
ling of buildings, building equipment of all integrated spe-
cialist disciplines, and construction process planning. Data 
can be linked over the entire lifespan of the building, be 
added and exchanged continuously by all parties involved 
including building owner, planner, architect, engineer and 
technical building automation (technical building equip-
ment and automatization: electrics, plumbing, ventilation, 
heating, light). This digital method can be assigned to tools 
of AI, in short: AI may enlarge existing digital structures of 
BIM and a more efficiently functioning simulation model-
ling. Facilitating forecasting and corporate strategy based 
on simulation models, it provides decision-making sources 
for the planning and construction process. By integrating 
all digital devices, data can be secured and interfaces can 
be merged within multidisciplinary environments.

The question is why do only 5% of German construction 
companies use BIM [29] even though BIM is required by 
law since 2020 for the tendering and execution of pub-
lic works contracts [30]? Representatives of the German 
construction industry share and help identifying some of 
the reasons and possible solutions in expert interviews. 
All project participants´ responsibilities, in each individual 
project phase of the construction project life cycle, lay the 
foundations for the corporate digital infrastructure and its 
application: from the company management over execu-
tors to the building users and operators. By this study’s 
evaluation, the problem sources for the low number of 
users of BIM and their hesitations could be localized in 



Vol.:(0123456789)

SN Applied Sciences           (2021) 3:801  | https://doi.org/10.1007/s42452-021-04776-1 Research Article

unresolved questions of contract law (ownership of the 
building model data etc.), missing definitions of inter-
faces, ignorance of the benefits and advantages, as well 
as uncertainty in the application, open liability and copy-
right issues. Further reasons are unanswered questions 
about the coordination management of BIM, cost aspects 
of new BIM software, training, and IT infrastructure, ques-
tions about the compatibility of BIM (technology, software, 
data security, data protection), non-existent legal regula-
tions since BIM application of public and private clients 
and contractors has not yet been legally required. BIM may 
serve as technical requirement for new digital technolo-
gies such as AI. To comply responsibly with both shaping 
the design of the digital transformation process and sus-
tainable, resource and climate-friendly construction, active 
participation is required at all levels. The study builds on 
these initial findings to draw new conclusions as to how 
a successful digital transformation can be complemented 
by ethical guidelines. To cope with these two significant 

requirements, in addition to CSR, considerable amount of 
responsibility is allocated with corporate management:

• utilizing digitization,
• acquiring comprehensive knowledge of fields of appli-

cation,
• benefits,
• forecasting options and risk areas,
• enabling access to digital technologies,
• offering training,
• participating in the technical progress, recognizing 

human values,
• taking measures to protect them,
• protecting data—including company data, personal 

data, and protection against data misuse,
• using AI for routine processes that lighten the workload 

and designing efficient work processes such as Lean 
Construction [31].

Fig. 2  Mind Map “The interrelationship among the key elements of CDR”. Source: Bianca Weber-Lewerenz



Vol:.(1234567890)

Research Article SN Applied Sciences           (2021) 3:801  | https://doi.org/10.1007/s42452-021-04776-1

The responsibility of the project participants among 
others as the study examined is to gather regular lessons 
learned to supply data, to avoid data loss, and to share 
knowledge, to use historical and new project data for com-
parative analysis. Fast data access also means using eco-
nomical, time and personnel savings potential, and taking 
measures to protect against data misuse. This use allocates 
the responsibility of owners and operators of buildings in 
conserving resources and ensuring the economical, envi-
ronmental and climate-friendly use, management and 
maintenance of a building (Technical and Building Facil-
ity Management).

However, little has been done to move forward and 
increase understanding of the ethical principles in corpo-
rate construction engineering environments to face the 
challenges of digitization and AI sustainably. The following 
Case studies, based on interviews with leading companies, 
serve to illustrate problems, opportunities and corporate 
engagement in applying digitization and AI. The more 
experts could be interviewed, the more sensitive analysis 
of the influencing factors could be analysed and experi-
ences from practise in-depth could be discerned. That way, 
a more accurate responsible handling of digitization and 
AI could be described. Each company bears responsibil-
ity for educational knowledge, designing a structure and 
providing the requirements for participating in the digital 
transformation process. Within such context, this form of 
corporate responsibility is referred to as CDR in this study.

Bauer demonstrates the building-specific contextual 
relationships between science and practice [32]: “Due to 
the competition focussing on the price, the building industry 
is forced to maintain a high level of innovation through many 
special proposals. Digitization plays a significant role. …. The 
many interfaces with other parties involved in construction 
make the construction process particularly time-consuming 
because of the many coordination requirements for digiti-
zation. ….” There are security problems with the fact that 
the data containing specific know-how of the data pro-
ducer must be freely exchanged and used between those 
involved in the construction. Contracting parties must 
clearly regulate that the data always belong to the person 
who creates it and are only allowed to be used by others 
for a specific construction project. Planning services and, 
thus, BIM models are subject to copyright; the general data 
protection regulation (GDPR) also protects personal data.

Data always allow conclusions to be drawn about the 
people involved, such as the equipment driver and the 
work group. Bauer, therefore, suggests the precise defini-
tion of "which data are used for quality assurance and which 
are only used to put people under control." Experience in 
construction practice, so the common tenor of the inter-
view partners demonstrate, that the greatest difficulty lies 
in complying with data regulations. That is why there is a 

need for specifically developed regulations. The handling 
of digital methods in construction, in particular the ethical 
principles, must be examined further. The author’s survey 
of representatives of the Bavarian Construction Industry 
Association reveals that legal requirements by the state 
are absolutely necessary for safe and secure handling of 
data. The handling and protection of data in the age of 
digitization must be legally regulated [33].

A fundamental part of the study’s CDR concept consists 
in creating awareness, in educating people about what 
digitization and AI can do, in analysing where chances and 
potential and also the risks lie, and how to deal with digiti-
zation and AI responsibly [34]. The best way to succeed is 
“taking people with you”, making AI explainable and build-
ing trust. The centre of the ethical orientation of corpo-
rate action originates from three questions, first about the 
“highest good”, second about the correct action in given 
situation and third about the freedom of will. Confidence 
in technology is achieved only through the ethical consid-
eration of the use of a technical method, understanding of 
the functions, understanding the structure, transparency, 
but also communicating dangers and risks with regulated 
control mechanisms and reliable design. As soon as people 
understand, that they have control over digital applica-
tion, their awareness of their self-responsibility in setting 
the digital course increases. Such a corporate culture is 
a fertile breeding ground for value-oriented, trustful and 
more efficient processes. To do justices to their significant 
influence, construction companies have a moral respon-
sibility of self-commitment, supporting the individual 
processes in favour of the purpose of common good [35]. 
CDR increases innovation and growth in companies and 
strengthens the shared added value both for compa-
nies and society [36]. The study identified key elements 
for responsible digital transformation: clearly defining 
requirements (data, processes, qualification), quality fea-
tures and interfaces, ensuring the consistent digitization 
of all planning and execution-relevant information data, 
and providing the consistent data platform that is used in 
all process phases by all participants. CDR goes far beyond 
compliance with legal norms [37]. When dealing with data 
or using AI systems, a company bears forward thinking 
social responsibility. Corporate responsibility implies 
creating one of the most important basic requirements: 
the partnership-based cooperation of all those involved 
in the construction project [38]. Most research institutes 
for ethics in AI perform interdisciplinary investigations by 
forming a working group with multidisciplinary repre-
sentatives. Specialist knowledge enables holistic analysis 
and evaluation, e.g. in the automotive industry, medicine, 
biomedicine, law or the care sector.

The trend of the twenty-first century of growth with dis-
proportionately high demand for new digital technologies 
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and methods of AI not only signals the ethical impact of 
AI on society as a whole, but its call for a rapid shift from 
experimental to applied technology, adaptation to new 
organizational capabilities and establishment of internal 
governance. The increasing need to deal with AI changes 
the competitive landscape and encourages the search for 
improved methods to preserve the societal and human 
good [39]. This study complements previous work but 
is targeted at technologies that are new and will have a 
severe impact on people, society and diverse environ-
ments in the immediate future. The study identified best 
practice companies as Case studies, concluding that a cul-
ture of knowledge is the key resource to get engaged in 
the digital transformation.

The previous understanding required the specialist with 
special knowledge. Research findings show that today’s 
experts in their field must have interdisciplinary knowl-
edge ensuring holistic research. The study defines the 
engineering part as the integral part of professional and 
holistic examination. Interviewees highlight that ethical 
reflection in AI needs to be integral part of academic edu-
cation. Thus, engineers will be able to weigh values and 
interests in their daily work as well as run an assessment of 
potential consequences. The engineer of tomorrow must 
have interdisciplinary knowledge and technical, social and 
personal skills to meet the challenges of his new fields of 
application, which make digitization and AI necessary. The 
discussion about human-led technologies includes the 
engineer of tomorrow’s preparation to cope with value-
based decision-making processes and possess adequate 
skills. This field requires further in-depth research and 
long-term academic adjustments. The Institute of Ethics 
and AI at Oxford University in England is one best prac-
tice teaching “Ethics in AI for engineers” with the aim of 
teaching ethics as part of the engineering profile (“teach 
ethics as a skill”). Engineers are given the tools for ethically 
responsible use of AI in training via developing ethical 
awareness and the willingness to make ethical considera-
tions part of daily decision-making processes.

During interviews and discussions in construction, 
ignorance, rejection, reservations about scientific inter-
face work, a lack of foresight—often in management posi-
tions—were noted. One result of the study is that these 
imbalances have to be stated precisely, because they 
interfere with the exchange between specialist disciplines 
and the search for holistic solutions in the design of the 
digital transformation process, particularly the innovative 
progress in Germany. "In the technical sciences it is still a 
long way off, that values and principles are used and that 
ethics training has to be anchored in training." [40]. This 
study observes critically that progress and reform depend 
on dialogue and a new quality of discussion. Ethical val-
ues and codes of conduct must be further developed to 

strengthen trust in and promote new technologies, to use 
them sensibly and to provide orientation [41, 42].

After 2 years of work, the German Bundestag study 
commission provided recommendations for action for 
human-centred AI. In Baden-Württemberg “Cyber Valley 
Stuttgart-Tubingen” and “AI Innovation Park Baden-Würt-
temberg” aim mapping globally competitive research and 
high-tech locations—similar to Silicon Valley. The study 
notes that there are initiatives approaching "ethics in AI" 
on the German level (including the German Ethics Com-
mission “DEK”), the European and the international level 
(including SDGs, Roman Catholic Church). They inspire 
considerations in the construction industry. Successful 
companies that anchor an ethical strategy and a vivid cor-
porate culture and mentality—this is proven by the expert 
interviews—possess an awareness of the added value 
potential resulting of applying digitization and AI meth-
ods and its employees’ identification across the company.

For most construction companies, there is still a high 
need explaining digitization and AI and to be able to allocate 
where the use of AI makes sense and to identify its benefits. 
Experts share their Case studies and experiences applying AI 
and, thus, contribute to an eye-opening effect showing trust 
and transparency among users. Digital change requires trust, 
competence and value-based corporate culture according 
to "Trusted Human-Centered Engineering" [43]. More than 
ever, technology is the key to a new era of European culture 
of innovation. Corporate activity, social and ethical respon-
sibility and environmentally conscious technological inno-
vations merge. The sustainable, value-based design of the 
living and urban worlds of tomorrow with sustainable urban 
infrastructures is only made possible by ethical principles in 
dealing with digital technologies and AI.

The construction industry holds significant potential to 
create value in the digital transformation process. Merging 
new AI methods with existing digital models may lead to 
new working environments with eye catching concepts 
of AI (Table 3):

Ideally, digital transformation assists architects, plan-
ners and the operational part of construction, makes the 
interaction between workers and machines more efficient, 
performs partially automated processes and uses existing 
data to provide new experiences, its values and the basis 
for strategic decisions (= Self-learning construction site).

Experts conclude that machine learning has an esti-
mated potential of value creation of $ 5.8 trillion. This 
means that artificial intelligence has greater potential 
than the steam engine [44]. As one key outcome, the 
study identified precise indicators being advantageous 
for integrating AI and its use in the construction industry 
(Table 4).

Simultaneously, companies learn more about "unde-
sirable side effects" initiated by digitization and how 
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corporate responsibility has to change accordingly, in a 
continuous process. A key question emerges: how can 
successful companies develop their own individual strat-
egy of digital responsibility using management tools to 
implement their strategy in dynamic markets and social 
environment? Some of the best practice companies share 
their experiences: "Such dynamics go hand in hand with cor-
porate responsibility and embedding ethical value manage-
ment in a society that is increasingly fundamentally chang-
ing from digitization and artificial intelligence technologies," 
said Schäfer [45], working for a German Association for 
certifying value-based corporate management concepts. 
"We are in the middle of a renaissance of value orientation", 
emphasizes Wieland; “moral values need to be implemented 
and routinized” [46]. A long-term Head of Civil Engineering 
faculty sees the education of values and ethics as an inte-
gral part of the engineer’s academic training, because the 
course for the success of construction projects is already 
set there—by well-trained engineers who are prepared for 
digital transformation.

Companies increasingly search for ways to include 
ethical moral aspects into technical development and 
application from the very beginning and act according to 
their corporate responsibility based on the precautionary 
principle. Some discover ethical frameworks as enabler of 
new ways of thinking and acting: efficient orientation and 
support for managers and specialists in becoming more 
agile, acting more collaboratively, and focusing on new 
goals and business models.

Peter Mendler knows how to create trust, openness and 
fairness, because ethically justifiable products are more com-
petitive. They are usually better received by the customer. Suc-
cess and acceptance can only be achieved in projects such as 
the construction of the AI innovation park if, in particular, the 
ethical aspects are of essential importance. These dimensions 
are taken into account and integrated [47].

Thomas Gebhardt’s core task is the transfer between 
teaching, research and application [48]. For him, the entre-
preneurial responsibility in the digital transformation con-
sists particularly in rethinking process and communication 
improvements in order to remain competitive. Craftsmen 
generally have a high level of ethics, values and demands for 
appreciation. The digital transformation consulting shows 
that raising awareness, education and knowledge transfer 
and exchange require communication in an appropriate 
language. Responsible, value-based corporate manage-
ment in the craft requires strategic further development and 
no longer only to drive in the short term. Digitization/AI mean 
philosophy of construction and are more than a software 
product. In order to efficiently train algorithms, you need 
significant amounts of data. Cooperation is required instead 
of isolated solutions, and more networking. Ethics and frame-
work conditions for digitization in construction are still a long 

way off. Thus, this pioneering study deserves full nationwide 
support and sends a very positive signal to the construction 
industry [49].

4.6  Case study I: PERI digital transformation 
and corporate development [50]

Company PERI is working on various potential fields of 
application of AI (object identification and automation of 
engineering tasks) based on a wide variety of methodo-
logical and technological approaches. Successful digital 
transformation at PERI means ’taking people with you’, 
getting excited about AI, with methods that solve a prob-
lem. The most suitable AI solution must support people by 
raising awareness, education and transparency. People are 
human capital; you don’t want to keep people occupied if 
the same task could be solved faster and more efficiently 
by a machine. The integration of value chains—across 
companies—is the critical path to the success of digitiza-
tion in the construction industry. What is important is a 
sensible use of AI, geared towards the common good. We 
have anchored a large part of the “ethical” aspects in our 
management principles, significantly shaping our corpo-
rate culture.

4.6.1  What risks and problems do you see in the use 
of digitization and AI?

In order to develop meaningful AI techniques, the prob-
lem and the field of application must be defined first. 
The main question is: at what point does it make sense 
to address a problem? The network is missing to spread 
this question among the actors; this is a big weak point. 
There is a high need for education of AI due to the lack of 
knowledge about the possible uses of digital technologies 
and AI, which makes balanced, well-thought-out decision-
making paths ethically highly questionable. Many people 
cannot define AI due to the—often incorrect—use of the 
term in the media and in discussions. Ethics and misuse 
are closely related, it is part of the corporate commitment 
to deal with and to look for value-based solutions. The 
aim remains problem solving for the benefit of the com-
munity, especially in the case of resource bottlenecks, at 
high costs!

4.7  Case study II: Wayss & Freytag digital 
construction (Royal BAM Group, NL) [51]

“Digital Construction”, a business unit of Wayss & Freytag 
founded in 2016, copes with the challenge, that digi-
tal transformation and entrepreneurial culture form a 
cross-cutting issue. The associated change management 
is embedded in the daily work, and contributes to the 
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acceptance and enthusiasm of everyone working in the 
company.

The construction industry has traditionally been con-
servative. Structural problems exist with contracts, frag-
mented value chains, there is no networking and the 
influence of certain actors is missing. However, in order 
to develop useful AI techniques, the main question is: at 
what point does it make sense to address a problem? I also 
see risks and problems in the need for development of (a) 
consistency of the digital process, (b) data management 
on the construction site: previously administration took 
too much time, (c) data security, data protection: close 
company-internal exchange with appropriate experts 
(legal components are covered by our legal department 
in the company), (d) biggest hurdles for AI: data sources, 

data availability, big data far away, further use and use of 
the data, localization open.

Overall, I rate the existing lack of knowledge about the 
possible applications and the need for education about 
digitization and AI as very high. AI is supposed to help 
solve people’s problems. Ethics means a guideline; for us, 
this is the focus for ensuring efficiency, best quality and 
safety.

4.7.1  How important is ethics in the age of digitization?

It is very high and one of the Wayss & Freytag’s guiding 
principles is the company’s Code of Ethics and Code of 
Conduct. We do not have an additional code of ethics or 
ethics guidelines specially tailored to digitization and AI. 

Table 3  Key elements of AI in construction in its early phase of research and first technologies implemented. Source: Bianca Weber-Lewer-
enz

Digitization tools beyond BIM, e.g. helmets with Webcams, digital markers, digital online site visits with Virtual Reality Glasses, Simulation of 
Renovation concepts + Construction during use of building, Simulation Acoustics and Fire protection concept, AI Sensors to detect defects 
and damages, Sensors of material failures, changes of temperatures, humidity, AI Monitoring + Controlling according to construction 
progress)

Mixed Reality (MR)-Glasses, Hololens Glasses, Augmented Reality (AR) (Measurements of building elements/sections by creating digital 
twins)

Networking of all digital devices for complex data collection from all technical trades
AI-based accurate mapping of consumption and billing, AI-based Remote monitoring functions
Forecast and strategy data systems as an entrepreneurial basis for decision-making (predictive technologies)
3D–7D twin systems used for simulation, reality and forecasting models
Robots for automatic 3D-scans onsite
Self-conducting construction machines, autonomous and semi-autonomous bulldozers
AI data evaluation/derivation of recommendations/data use for training machine learning
The use of machine learning, deep learning, and social computing
Automatic analysis of building sections
Show the failure risks of construction machinery in real time using machine learning
Systems for structuring data complexity
AI-based identification of similarities to existing construction project data and use for new construction project data: for highest efficiency 

in resources, climate-friendly, cost and time
Smart technology and smart buildings, and
Self-learning construction sites

Table 4  Indicators to the 
benefit of integrating AI in the 
construction industry. Source: 
Bianca Weber-Lewerenz

Minimizing errors where people fail,
Structured data complexity,
Routine and standardized processes carried out by the machine,
More efficient time management: giving people more time for the processes that no machine is able to 

perform (those that require creativity, human morality e.g.),
Knowledge networking across all digital borders,
Cost-efficient, sustainable and responsible resource-saving construction,
Increasing stability through "lean" building processes (Gehbauer 2006),
A tool for monitoring and fulfilling climate goals,
A tool for implementing the sustainable development goals given by the UN (SDGs),
High social contribution to the change towards a climate-friendly society, and
Increasing the share in the value chain
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It is part of the corporate commitment to deal with value-
based solutions. A problem solution for the benefit of the 
community! Common good makes the guideline! Value 
chains have to be integrated more and more.

4.7.2  Is it important to regulate the ethical framework 
by law?

Legal rules are important as a supporting function. The 
most important thing remains the appeal to corporate 
responsibility and a trustful cooperation between all those 
involved in construction. No additional legal regulations 
are required; these are more of a hindrance to innovation. 
We see this in Germany, as part of the BAM Group, com-
pared to UK and the NL.

4.8  Case study III: APLEONA [52]

In practice, there are barriers to adapting digital/AI solu-
tions. The reason for this is, among other things, are the 
specification-based contract models between Facility 
Management companies and their customers, which are 
still common in Germany. The need for clarification at this 
point is high.

For Apleona, digital transformation means a 
win–win–win partnership between our customers, us and 
our subcontractors. In addition, we see the opportunity 
through digital solutions to expand our service portfolio 
(always primarily based on the business case: solving a 
customer problem in an economically efficient way (fast 
amortization phase, high energy savings).

4.8.1  Where do ethics play a role?

It’s always about problem solving. The starting point for 
every consideration of a digital solution: focus on people, 
design thinking for the "use case": here the user is the key 
factor.

4.8.2  What are the difficulties in FM when dealing 
with data?

Dealing with the customer’s data is a challenge. Here, the 
general data protection regulation provides the frame-
work. The principle is that the data generated by the cus-
tomer also belongs to the customer.

The AI methods that we are working on and with which 
we are already partially using are self-learning technolo-
gies in energy and  CO2 optimization. We are aiming for a 
“fully automated building technology control” (Predictive 
Control, already implemented). On average, about 20% 
energy savings can be achieved with relatively little effort. 
The reality shows, however, that in some cases, building 

owners do not want to give building control out of their 
hands; in addition, successful implementation requires an 
initial effort, an investment that must be borne by one of 
the stakeholders. Ideally, that should also be the one who 
benefits from the savings. Technicians and engineers have 
to understand the potential and functionality of the digital 
solutions (user interface), but not necessarily the AI tech-
nology behind them.

In the application of digitization and AI, a high priority 
is that the business case pays off. Investments are made 
when the investor is also the one who benefits from the 
investment—which is not a matter of course in building 
operations (example: building owner invests in building 
technology, tenant benefits from lower ancillary costs). 
Suitable incentive structures must be created. The situa-
tion is similar with other use cases of digitization/AI (e.g. 
BIM). One solution would be that the legislature regulates 
by guidelines.

4.9  Case study IV: Wood construction technology 
sector

AI supports the manufacturing process of better, tech-
nically modified wood. Machine learning (ML) is already 
being used in wood technology applications: AI supports 
the digital wood selection and wood processing strategy 
to obtain specific physical properties. Such technology 
helps to face ethical, environmental and legal concerns 
about deforestation and use of endangered tropical tim-
ber. By maintaining the craft of traditional musical instru-
ment production, an important social and economic con-
tribution can be made to increase the share in the value 
chain.

Deep learning supports a high-quality wood produc-
tion. ML optimizes the functionalization of wood: mate-
rial selection, physical data of the raw material, produc-
tion steps, process parameter setting, quality control, 
processing, prediction of product quality in real time. 
Only through neural networks is it possible to sort the 
flood of data and data complexity (MLA machine learning 
algorithm).

This is central topic in the question of dismantling, re-
usability, recycling, ecological and energy conception in 
the context of the sustainability discussion.

These Case studies highlight the urgency of taking cor-
porate responsible measures, and defining approaches 
and ethical principles to make full use of the potentials 
of digitization and AI. Companies consider themselves as 
actors, seize opportunities, weigh up risks and deal with 
them safely, reflect on values, design ethical standards and 
framework conditions [53], and make their contribution to 
the value chain. The practical guide CDR [54] on corporate 
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responsibility and sustainability management in the digi-
tal age pays particular attention to Ethics.

In order to design state-of-the-art city systems, effi-
cient city logistics, mobility and innovation systems ful-
filling SDGs, the question arises in some interviews: who 
are the actors, the masterminds and designers, who are 
the executors? Local climate adaptation strategies, digital 
strategies, the living and urban worlds of tomorrow, sus-
tainable urban infrastructures, sustainable design of space 
and society can only be achieved with the help of experts 
and know-how.

4.10  Discussion of the case studies and outlook 
of the work

This study comes to the conclusion that standards that 
both promote the efficiency of human work and comply 
with SDGs should be established. Not only developers of 
AI but users and political and societal decision-makers 
among the interviewees support standards by law. AI 
structures and evaluates data complexity and prepares it 
for human use in a clear manner that affects all industries, 
enabling minimization or prevention of human errors, 
continuous access and maximum transparency. Ethically, 
moral decision-making processes can be supported by AI 
and thus help people during the process. Protection of 
natural resources can be ensured by using AI-supported 
calculation, analyses and forecasts (e.g. material savings, 
logistics efficiency). Climate protection can be strength-
ened through forecasts and recommendations for action 
developed by AI. AI data evaluations facilitate corporate 
strategy development. AI increases human work efficiency: 
if routine and standardized processes are carried out by AI, 
humans can spend more time concentrating on creative 
work processes which cannot be transferred to machine 
or artificial intelligence. Since AI is trained and managed 
by humans with the aim of providing the most human-
friendly and economically efficient support, humans deter-
mine the areas in which AI should be applied. People con-
trol AI, not vice versa. Such knowledge builds trust, relieves 
fears, and provides clarification. AI builds up and maintains 
security and safety where human failure and error may 
occur. The ethical strategy in AI in construction could be 
designed as follows:

Goals:

• to meet the sustainability goals,
• to make Germany and Europe the leading location for 

the development and application of value-based AI 
technologies

• to promote culture of awareness and alignment of AI 
with ethical values, supported by the associated legal 
regulations.

Standards:

• to ensure the common good-oriented development 
and use of AI,

• to secure the competitiveness of the construction 
industry in Germany,

• to embed AI ethically, legally, culturally and institution-
ally in society as part of a broad social dialogue and 
active policy making,

• to support education and awareness-raising for the 
potentials, opportunities and risks of AI,

• to set up a concept relating to the ethical standards in 
AI (Common European Path) that applies to all Euro-
pean member states.

A consensus emerged in the Case studies, companies 
and institutions examined in this study: responsible 
innovation and ethics remain as challenging as before 
and undoubtedly even more difficult in increasing com-
plex environments and new, rapidly developing data-
driven technologies such as AI [25]. Human–machine 
interaction represents a partnership that distinguishes 
between human and artificial intelligence. It is a com-
mitment to a balanced technology. Some corporate and 
stakeholder interests may not be in line with legal stand-
ards. The interviewees agree that the functions of AI shall 
be transparent and its application safe, so it can sup-
port human work sensibly and enhance the economic 
efficiency while maintaining the safety and security of 
the data and contributing value to the common good—
far beyond financial interests only. But there is no con-
sensus on whether the self-commitment is going to be 
sufficient in the long run or if standards by law need to 
be binding for each company and institution. There is a 
huge gap between how to mitigate such a risk of green-
washing and how binding standards should look like. 
The status quo is dominated by recommendations and 
general principles that are guiding rather than binding.

It makes a big difference whether a company culti-
vates and upholds a culture of values, compares its tech-
nological progress with safe, meaningful and responsi-
ble human–machine interaction, or if it only relies on PR 
campaigns that encourage particularly ethical, fair action 
by the entire company or strategies put in a "green" light 
(greenwashing).

On the other hand, legal requirements can force a 
company into pointless documentation efforts, which 
make processes inefficient, and delay technical devel-
opments and progress. When examining who can best 
fill out the supervisory authority for compliance with 
ethical standards, the majority of those questioned in 
this study appealed to self-responsibility but also called 
for an independent supervisory authority. For reasons 
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of data protection in particular, the surveyed experts 
demand uniform regulations from the legislature.

Grunwald advises to debate the economic efficiency 
hand in hand with ethical issues [55]. Society sets the val-
ues, people shape society. Businesses can be forced to fulfil 
ethical responsibilities by their customers, the users. That 
means corporate standards need to be enforced—it’s a kind 
of awareness and informative level, a very proactive way. 
Ethics should accompany the process of AI development 
and decision-making from the beginning.

Kiefer, Consultant for international occupational policy 
and technical education at the Association for German 
Engineers VDI [56] starts with the integration of ethics in 
engineering training and teaching. The sensible use of new 
technologies …. requires ethical principles right from the very 
start. The engineer requires a holistic, moral, value-based, 
interdisciplinary approach. Digital transformation changes 
the engineer’s profile, qualifications and competencies. 
Responsibility and ethical behaviour require adjustments 
in the academic education and teaching. In times of digiti-
zation and AI, ethics and interdisciplinary cooperation are 
mutually dependent as education and awareness-raising are 
the linchpin for explainability, transparency and trust in the 
new technologies. Compared to Germany, e.g. the separate 
consideration of “technology ethics” and “engineering ethics” 
does not exist in all countries.

Some interviewees highlight the role model function 
of institutions and companies—particularly in politics, 
academic teaching, research and science, but also the 
professional chambers and professional associations. 
They are multipliers for the ethical discussion about digi-
tization technologies in construction and regulate com-
pliance with ethical principles in a binding manner. The 
specification of the European regulatory framework for AI 
should be part of binding European legislation, not least 
to make the European data strategy the most secure in the 
world. It is a corporate responsibility to train knowledge 
and provide the infrastructure for fulfilling requirements 
for shaping digital transformation and anchor values in 
the corporate culture as to bridge the gap between Ethics 
and practice for trustworthy AI technologies. Some of the 
large companies engage ethical experts, so-called "Ethics 
Boards". The presence of a CDO (Chief Digital Officer) or 
CIO (Chief Information Officer) is often an indicator of the 
structural change as part of corporate digital transforma-
tion. Such personnel infrastructure modifications and tai-
lored departments are only affordable due to the financial 
background of large companies, required to demonstrate 
ethically correct behaviour to investors and stakeholders. 
Another reason is the in-house research and development 
(R&D) carried out by large companies in order to success-
fully master existing and future challenges—up to and 
including the technological role model for competitors.

SMEs often do not have such strong financial back-
grounds; they face market competition and can only sur-
vive by offering niche products or low-cost services. Con-
fronted with economic bottlenecks, the majority is busy 
with surviving the day-to-day business. Most SMEs are not 
involved in research collaborations, nor do they develop 
technologies themselves. The study revealed a high level 
of dissatisfaction with the in-house digitization.

Companies experience increasing complexity and 
quantity of data. Disregarding their size they have to adopt 
uniform data platforms, accessible to all parties involved, 
to have data available at all times, in the updated version 
and in its entirety, without any data loss. Most construction 
companies do not want to miss out on being part of digital 
transformation, but rather want to conduct efficient busi-
ness, reduce costs, remain and increase competitiveness, 
increase customers’ confidence and generate new orders. 
One of the key factors, the study identified, is stability and 
sustainability by setting up safe digital transformation 
environment to handle corporate data securely and pro-
tect against misuse.

It is not far-fetched to conclude that the communica-
tion language required for digital transfer also needs to be 
different and less technical, because not everyone is an AI 
expert or has access to this specialist knowledge.

Interviewees stress that large companies and SMEs have 
in common, that they possess the potential to build up 
knowledge and skills, to contribute to reducing  CO2, to 
do their work in a more resource- and time-efficient man-
ner, also for the benefit of society. Because services that 
are based on comprehensible ethical standards tend to be 
more successful in the market, 49 per cent of companies 
consider their services most competitively when in compli-
ance with ethical standards [57]. This means that ethical 
standards are rated as more important than functionality. 
The pressure from consumers’ expectations for compliance 
with ethical standards is increasing.

Both large companies and SMEs want to achieve suc-
cess and add value, but the majority neither knows or 
searches for ways or their own digitization strategy to 
achieve this goal, nor recognizes or searches for advan-
tages and potential fields of application.

Some countries are pushing digital innovation for-
ward via government funding. Many interviewed political 
decision-makers state that companies still benefit from 
the success of past years, and plan “on sight”. They feel no 
need for switching to digitization, start innovative paths 
or change business models. They consider AI as something 
far away. Interviewees from large corporate entities, repre-
senting best practices and adapting to innovative strate-
gies and new technologies, confirm this attitude in many 
companies and estimate their competitiveness as very low 
and their chances at survival as slim. However, precisely 
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these companies exclude themselves from digital project 
contracts because they are not compatible with customer’s 
digital project infrastructures. A new company cell phone 
and construction plans or time schedules on paper do not 
go together. Being unable to answer tenders digitally is a 
rejection criterion, as it demonstrates a company’s ineffi-
cient project process, without digital networking. Having 
to search for information in the office first and not offering 
a uniform data platform to employees is no longer up to 
date. Regardless of the size of the company, clients trust in 
and award companies for new projects that are up-to-date 
and deal with the invested budget responsibly, transpar-
ently and with high-quality performance. The same applies 
to selection criterion for graduates and highly qualified 
workers for choosing a company and applying for jobs.

There is a gap between desire and reality: many con-
struction companies and suppliers are just spectators of 
new technology trends, instead of co-designers. Scepti-
cism can only be countered with knowledge. The coopera-
tion between industry and SMEs with technology start-
ups and the formation of regional networks and clusters is 
seen as the most important solution, because it has devel-
oped positively in recent years. Start-ups are particularly 
suitable cooperation partners for SMEs that localize the 
options for using AI and introduce and train the appropri-
ate technological solution for the company. The German 
Federal Association for AI (German KI Bundesverband e.V.) 
is committed to ensuring to use this technology in best 
sense of European and democratic values and to achieve 
European digital sovereignty.

For all companies, the key to success is building up 
knowledge about digitization and AI and using it responsi-
bly. Times of crisis prove once again that the digitally well-
positioned companies are better positioned, and they are 
flexible to act and able to continue their work.

The US National Institute of Standards and Technology, 
the Defence Innovation Board and the National Security 
Commission on Artificial Intelligence joined the public 
discourse and released their own recommendations for 
ethical AI use. Such acting and setting guidelines on a 
highly official level send a strong signal and underline the 
importance of this study.

That said, this study invites leaders and users of digi-
tization and AI to take responsibility to shape the ethi-
cal framework for AI and to participate in international 
debates, e.g. EU-uniform concept for ethically justifiable 
AI, European Ethic Guidelines for trustworthy AI, European 
Data Strategy, Digital Europe and Digital Technologies Ini-
tiatives, European Green Deal, SDGs by the United Nations, 
Rome Call for Ethics and the centre for development and 
progress of AI, funded by German Ministry of Economic 
Affairs.

4.11  Limitations

CDR is limited. What use are openness and basic techni-
cal equipment if general and specialist knowledge are 
missing? Here, the focus is on the educational landscape, 
which must enable targeted training in specialist knowl-
edge about AI. The shared experiences of the respondents 
show that companies urgently need qualified staff in order 
to introduce new digital technologies into the company 
and to determine its ethical framework.

But the process of understanding that is recognizing 
the advantages, potential, opportunities and risks and to 
know to whom to address questions lacks adequate lan-
guage transfer between science and construction indus-
try. One of the key factors of building trust and under-
standing the sense of using these new technologies lies 
in its explainability towards companies and potential 
users. Another key factor is that the construction branch 
benefits from past years’ orders. It is a critical path that 
the construction industry still follows traditional ways as 
long as there is no pressure for change such as regula-
tions of the law. The Construction industry consists mostly 
of SMEs. Large companies might represent the minority 
but are functioning as role models in starting researching 
and applying AI. The ethical understanding as part of their 
CDR urges them to share their findings and exchange 
knowledge with SMEs. In Germany, however, some parts 
of construction industry lack awareness and willingness to 
adopt new perspectives and to consider approaches from 
other disciplines. They are not recognizing the advantage 
of taking up social, explicitly ethical approaches in the 
field of engineering and building technology. At the same 
time, this attitude prevents economic growth, data safety 
and gains from active prosperous participation in the digi-
tal transformation process. This is even more critical since 
every company is required to deal with increasing techni-
cal challenges combined with new digital technologies 
in changing global markets. In order to accelerate the 
technical digital progress, a radical rethinking—far from 
deep-rooted ways of thinking—and further research is 
required. Funds that have not been used up to now reflect 
this untapped potential. Overcoming such limitations, 
Germany can set a milestone to be an international loca-
tion of research and education and increase significantly 
its share in the value chain. In principal, the interviewees 
agree that AI should be used where it makes sense, sup-
ports people, ensures safety of human work, and increases 
the efficiency of work processes. The ethical framework 
helps to overcome the existing limitations mentioned 
by this study, and it gives meaning to human beings and 
human actions alike and, thus, represents the key of the 
highest human performance.
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An additional limitation is represented by academic 
teaching that has not been adjusted in terms of academic 
teaching staff’s skills and competencies to train and pre-
pare students for ethics and digital transformation pro-
cesses and its requirements. Companies are not able to 
fill positions with qualified engineers and experts having 
completed their academic education as they neither are 
nor prepared for ethically balanced decision-makings on 
a daily basis, nor for applying digital technologies and AI 
methods.

The study’s research moves the Body of Knowledge 
forward by providing constructive solutions, a framework 
and an inclusive approach to fill these gaps and to shape 
digital transformation with focus on the specific needs of 
supporting the construction industry at all levels.

5  Conclusions

The study found that the CDR concept in the construc-
tion industry, incorporating ethical principles, provides the 
critical foundation for the use of innovative digital and AI 
technologies. This project describes ways that enable the 
exploitation of existing potential.

By shaping the technological landscape, developing 
adequate skills and fully use the potential, companies can 
lead this process to success. Tackling this challenge is a 
top priority in construction. Nevertheless, there is a lack of 
recognizing fields of application and potential. Knowledge 
of digital technologies and methods must first be acquired 
comprehensively in order for companies to be able to 
assume digital responsibility for something that many do 
not yet know or cannot assess [58]. It is a prerequisite for 
the greatest possible social benefit, economic prosperity 
and protection of our natural foundations of life. It should 
be of such a design that companies can guarantee secure 
data management, as well as access and use of new tech-
nologies by everyone.

Fortunately, there is growing awareness among lead-
ing artificial intelligence researchers and developers that 
human-centred designs are needed [59]. The study comes 
to the conclusion that a sustainable digital transformation 
can only succeed and the shares in the value chain can 
only be increased if humans are placed at the centre of 
technological developments. So far missing ethical prin-
ciples are seen as limitations of success. However, they 
offer people orientation and support in order to be able 
to design and use digitalization and AI in a targeted and 
meaningful way and to be able to make balanced deci-
sions with increasing complexity of data and decision-
making options.

The study’s findings, Case studies with shared expe-
riences with applied AI and new aspects support the 

journal’s excellent interdisciplinary linkages. The study 
contributes to shape value-based, sustainable digitization 
and AI and raises awareness of the responsible role of the 
construction industry.

The results and limitations presented in the study show 
that successful companies have recognized the advan-
tages of ethical principles and have embraced them in 
order to use new innovative technologies for themselves 
with determination. What is lacking are the required tech-
nical and personal qualifications of tomorrow’s engineers, 
an adapted way of academic teaching, the interdiscipli-
nary dialogue, courage and the will to innovate, although 
these factors represent the key competencies for a com-
petitive construction industry.

This study can be used for the validation of follow-up 
studies in order to check developments in the human-
technology relationship and to introduce recommen-
dations for any necessary corrections into the scientific 
discourse. This supports the further development of tech-
nology ethics with advancing technology and increasing 
challenges for people.

A field of tension in the educational landscape is seen in 
the balancing act between training basic engineering skills 
and additional new technical competencies. On the other 
hand, universities use their strategies of excellence to dif-
ferentiate themselves from the competition with targeted 
clusters of research, innovation and interfaces.

Similar impressions arise in large companies, active 
around the globe, that are enhancing their appeal as 
employers, but also want to meet their social responsibil-
ity. So far unused funds that are available for AI research 
and application show that too few are still taking on the 
challenge.

The study results show that it is time for a radical 
rethinking process, especially in SMEs: taking responsibil-
ity, breaking boundaries, leading. Engineers, architects, 
designers and craftsmen are not only designers of living 
environments, but also of technical, social and human 
change in the Construction Industry 4.0. The research 
makes several useful recommendations for the Construc-
tion industry not only fulfilling technical regulations, but 
implementing human-tech guidelines.

It is also the only study suggesting to making an exam-
ple of the construction industry by using AI sensibly, reli-
ably and responsibly. A study raising public debate with 
focus on the construction industry about "A transpar-
ent and ethical AI—Made in Germany", understood as a 
quality label, not only following a national strategy, but 
rather a European one in order to strengthen sustainabil-
ity and growing into the role of a prosperous and strong 
global partner. Therefore, further in-depth research on an 
interdisciplinary basis is needed. To understand what AI, 
its function, its chances and risks are about, how certain 
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methods may enable improved or new business models, 
what measures and which responsibilities must be taken 
responsibly, the communication language between 
research—education—practice needs adjustments.

The study sends a strong signal on how important it 
is that the construction industry gets engaged now—not 
only to strengthen its own competitive role and highlight 
its unique selling point, but also to not to be left behind 
in the era of digital transformation. Best practices increase 
attention for integrating considerations of ethics and val-
ues into the development of digital technologies and AI 
[60, 61]. There is a strong need for responsible innovation 
by inclusion for currently emerging data-driven technolo-
gies to rethink how these shall be conceptualized, intro-
duced, and implemented [62]. This concept and frame-
work of CDR offer not immediate beneficiaries but rather 
long-term benefits and orientation for humans, society 
and technology with strong sustainability over the next 
decades. This lays the foundation for AI and digital tech-
nologies helping humanity prosper. This study is especially 
targeted at understanding the critical path and key pro-
cesses of the digital transformation in the construction 
industry. The findings define CDR´s opportunities and 
risks to deliver significant improvements on corporate 
business models using AI safely and for the benefit of both 
corporations and the common good. The study identified 
CDR with ethical principles as the key driver for success, 
resources-cost-time efficiency and sustainability using 
digital technologies and AI in construction engineering.

The study suggests the intrinsic value of a successful 
innovation culture that can be allocated and shown in 
annual group reports ("Combined financial and sustain-
ability report") transparently as an independent item, as 
well as the human factor contributing to reducing costs. 
This could increase the trust of stakeholders, entrepreneur-
ial identification and appeal in terms of external impact.
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