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Abstract —

Recent developments in Artificial Intelligence (AI)
provide unprecedented automation opportunities in
the Architecture, Engineering, and Construction
(AEC) industry. However, despite the enthusiasm
regarding the use of Al, 85% of current big data
projects fail. One of the main reasons for Al project
failures in the AEC industry is the disconnect between
those who plan or decide to use AI and those who
implement it. AEC practitioners often lack a clear
understanding of the capabilities and limitations of Al,
leading to a failure to distinguish between what Al
should solve, what it can solve, and what it will solve,

treating these categories as if they are
interchangeable. This lack of understanding results in
the disconnect between Al planning and

implementation because the planning is based on a
vision of what Al should solve without considering if
it can or will solve it. To address this challenge, this
work introduces the LeanAI method. The method has
been developed using data from several ongoing
longitudinal studies analyzing AI implementations in
the AEC industry, which involved 50+ hours of
interview data. The LeanAl method delineates what
Al should solve, what it can solve, and what it will
solve, forcing practitioners to clearly articulate these
components early in the planning process itself by
involving the relevant stakeholders. By utilizing the
method, practitioners can effectively plan Al
implementations, thus increasing the likelihood of
success and ultimately speeding up the adoption of Al
A case example illustrates the usefulness of the
method.
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1 Introduction

Recent developments in Artificial Intelligence (AI)
provide unprecedented automation opportunities in the
Architecture, Engineering, and Construction (AEC)
industry [1]. It offers the potential to significantly
increase productivity, add enormous value, enhance
competitive advantage, and increase economic welfare
[2], [3]. This immense potential of Al has prompted
many companies to invest in developing and adapting Al
capabilities. In fact, Gartner expects 70% of
organizations, including AEC, to invest and
operationalize some form of Al capability by 2025 [4].

However, despite the enthusiasm regarding the use of
Al, 85% of current big data projects fail [5]. In a recent
survey by Boston Consulting Group and MIT, seven out
of ten companies reported little or no impact of Al [6].
These constant failures result in wastage of time, money,
and effort. It also risks Al adoption in the AEC industry
since practitioners might reject Al as a hype [7].

One of the main reasons for Al project failures in the
AEC industry is the disconnect between those who plan
or decide to use Al and those who implement it [8]-[11].
[12], [13] notes that the process of implementing Al
projects in engineering firms remains less understood.
[11] reports from a survey of 3,000 business executives
that there is a big disconnect between the ambitions and
implementation of Al, and more than 60% firms do not
have a concrete Al implementation strategy. Therefore,
research addressing the disconnect between planning and
implementation is crucial. Such research can provide
valuable insights and lessons for organizations just
beginning their Al journey and can help them navigate
the complexities of implementation and increase their
chances of success [14].

In this work, we introduce the LeanAl method to
alleviate the disconnect between Al planning and
implementation in the AEC industry. The LeanAl
method delineates what Al should solve, what it can
solve, and what it will solve, forcing practitioners to
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clearly articulate and align these components early in the
planning process itself by involving the relevant
stakeholders. Based on our case studies data and
practitioner feedback, it has been observed that the
LeanAl method is highly valuable in facilitating better
planning for AI implementations in the AEC industry
(see Section 5 for details).

In the next section, the paper provides details about
the research method used for developing the LeanAl
method. This is followed by a brief background about the
use of Al in AEC in Section 3, introducing the LeanAl
method, detailing the steps on how it can be used and
showcasing its usage in the context of an example in
Section 4, and providing evidence for the usefulness of
the method in Section 5. The paper is concluded with the
discussions of the findings and their implications for the
AEC industry in Section 6.

2 Research Method

The LeanAl method is built using an ethnographic-
action research methodology [15], where the researchers
helped AEC practitioners implement Al projects while
simultaneously observing the challenges in Al
implementation and formulating solutions.
Ethnographic-action research has been popular for
investigating the use of technology in construction
projects [16], [17] because it allows the researchers to
holistically understand the local context of AEC
practitioners while building the solution, thereby
increasing the likelihood of a solution that works in
practice [18].

LeanAl-method development: The LeanAl method
is built using data from two sources:

(1) An ongoing longitudinal study, which has
investigated four case studies since 2018, has collected
50+ hours of interview data and conducted direct
observations of AEC practitioners. The study focuses on
Digital Twin and Al implementations that involve
Machine Learning, Deep Learning, Computer Vision,
and Natural Language Processing. This information has
been documented in sources such as [8]-[10], [19], and
[20].

(2) 12 graduate-level student case studies, each
lasting for three months, involving Al implementations
with industry partners in the USA, as part of a project-
based class at Stanford University.

Each of the sixteen case studies involved an AEC
company that wanted to implement some form of Al
algorithm. The nature of the cases varied, with some
being more exploratory in nature and others being very
specific about the algorithm they wanted to implement.
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The studies lasted an average of 3 to 6 months and
involved three phases: ideation, Al algorithm
development, and roadmap creation for future
deployment. The authors were directly involved in at
least one of these phases for each case study.
Ethnographic techniques were used to collect data for all
sixteen case studies.

Using above observations and hands-on experience of
building Al projects with AEC professionals, the authors
identified key components crucial to addressing the
disconnect between Al planning and implementation.
These included clearly defining the business needs the Al
solution will address, outlining a specific problem
statement for the Al to solve, identifying the required
data and Al methods, and establishing metrics to measure
the Al's performance. As the work progressed, the
authors found that the Last Planner System [21] was
effective in organizing these components in a simple,
logical, and relatable structure for AEC practitioners,
resulting in the development of the LeanAl method.

While the case studies demonstrated encouraging
outcomes, it was crucial to conduct an independent
validation of the efficacy of the LeanAl approach to
ensure its robustness. This was necessary because the
method was developed based on data from the case
studies, and assessing its usefulness solely on those
studies could introduce bias. Therefore, we conducted a
workshop with practitioners as described below.

LeanAl-method’s usefulness validation: Thirty
practitioners from different companies used the LeanAl
method to plan an upcoming/ongoing Al implementation
in their companies. Their feedback about using the
LeanAl method to plan their Al implementations was
recorded and the results have been described in Section
5.

3 Background on Artificial Intelligence
and its usage in AEC industry

Al is a rapidly growing field that encompasses a
wide range of subdisciplines and application areas.
Broadly, Al helps computers perceive, represent, reason,
solve, and plan in an intelligent and adaptive manner,
making them capable of dealing with complicated and ill-
defined problems which were long thought to be the
exclusive domain of humans [22].

Machine Learning (ML), a key area in Al research,
involves the development of algorithms that allow
computers to learn from data (and labels) to make
predictions, decisions, and perform tasks for which they
were not explicitly programmed. For example, Natural
Language Processing (NLP), a sub-part of ML, involves
development of algorithms that can understand, interpret,
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Figure 1 Comparison of traditional and LeanAl method to plan Al implementations

and respond to human language. NLP is used in a wide
range of tasks such as language translation and text
summarization for which writing an exhaustive set of
rules to explicitly program the computer is nearly
impossible. Another popular field within ML is
Computer Vision. This field involves development of
algorithms that can understand visual information, such
as images and videos, like how humans use their eyes.
Writing an explicit set of rules for computers to
understand any image or video is, again, nearly
impossible.

Owing to these exciting possibilities, Al has gained
significant interest in the AEC industry [23]. Many pilot
Al applications in the AEC industry have already been
built to better manage planning of site logistics [24], plan
safety on construction sites [25], monitor progress and
productivity improvements [26], and plan building
operations and maintenance [27].

Although the above pilot applications are
encouraging, Al adoption is still in its very early stages
in the AEC industry [28]. Limited studies exist that study
the practical problems faced by practitioners [8], [29]
while planning and deploying Al implementations. One
possible reason for this might be that actual Al
implementation span over several months or years,
making it difficult to conduct a longitudinal study.
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Furthermore, the limited interest of practitioners to
collaborate and give access to information over such a
prolonged period further complicates the issue. The
authors of the paper are humbled and grateful for the
positive reception they have received from practitioners,
which allowed them to create the LeanAl method, which
will be discussed in the following section.

4 LeanAl Method: An Introduction

When planning Al implementations, AEC
practitioners often start by identifying the business needs
that Al should address. These business needs, such as
reducing maintenance costs for highways or speeding up
projects by 20%, are the necessities that the project needs
to address and thus drive the Al implementation and
ultimately guide what the Al should aim to solve.

However, Al cannot directly solve these business
needs. The Al problems need to be framed in an entirely
different way as it concerns itself with learning a
mathematical function from data. Bridging this gap
between high-level business objectives and detailed
properties of the implementation is often the key
challenge to creating a successful Al project [30].

In our study, we found that AEC practitioners often
use a traditional method of planning Al implementations
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that does not clearly link high-level business objectives
with detailed implementation properties (as shown on the
left in Figure 1). Practitioners fail to distinguish between
what Al should solve, what it can solve, and what it will
solve, treating these categories as if they are
interchangeable. While AEC practitioners may have a
clear understanding of the pressing business needs and
may wish that Al should solve certain problems, it is not
always possible for Al to address these needs directly.
Instead, Al can only solve a small part of the problem
when properly formulated, with a direct or indirect
impact on the business need. Additionally, just because
Al has the capability to solve a problem does not
guarantee that it will be able to do so for the practitioner’s
use case, as it depends on the data and labels available
with them.

In fact, over 70% of the projects we observed either
did not define a clear problem statement for Al or were
unclear about it (e.g., only defining broad business
objectives). A similar phenomenon is noted in [31],
which states that many Al projects fail because they do
not specify the exact problem that Al can solve and
expect it to do everything. [30] notes that not defining the
problem or success metric for an Al project is a sure way
to waste time and money.

The LeanAl method (as shown on the right in Figure
1) clearly delineates what Al should solve, what it can
solve, and what it will solve. This approach thus forces
practitioners to clearly articulate these components
clearly in the planning process itself by involving the
relevant stakeholders (e.g., IT team who know about data
and labels). Our data suggests that this approach, at least
in part, ensures more robust planning of Al
implementations.

The following paragraphs will describe the individual
elements of the LeanAl method and provide steps for
practitioners on how to use the method. We will also
illustrate the use of the method through an example case
study from our dataset.

Business need (Necessity that AI should solve):
Defining the business need is an essential first step in
planning Al implementations for AEC practitioners. It
involves identifying areas where Al should make
improvements in the current way of working. Examples
of common business needs and necessities include
reducing project costs, increasing safety on job sites, and
speeding up construction schedules. Specifying a clear
business need helps to guide the Al implementation and
ensures that the correct problem is being addressed. It
also helps to clarify the scope of the project and gain
support from top management.

Al Problem statement (Possibility that Al can solve):
The goal of Al is to address the defined business need,
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but it cannot do so directly. Instead, the problem
statement must be framed in a way that Al can solve it,
and at the same time the formulated problem statement,
at least partially, addresses the business need. For
example, to address the business need of increasing
safety on site, one of the problems that Al can potentially
solve is to detect that safe distances are maintained
between the crane and the workers using the camera
image of the site. Another problem statement addressing
the same business need can be to detect that workers are
wearing protective gear on site. Based on the availability
of current Al algorithms, each of these problem
statements can be potentially solved by Al. Now, it is up
to the practitioners to decide which solution will have the
greatest impact for their use case, or to come up with a
different Al problem statement altogether.

Available Data, Labels, and Algorithms (Capability
that Al will require): Many contemporary Al and ML
algorithms rely heavily on a large amount of data and
labels for optimal performance. Therefore, just because a
problem statement has been successfully addressed by Al
in one context, it does not guarantee that it will be solved
in another context as well. The ultimate determinant of
what Al will solve will depend on the availability of
suitable data, labels, and the expertise required to develop
the algorithm.

Metrics [AI metric and Business metric]
(Accountability of what Al did): Metrics are the way to
measure how well Al did. This measurement process
helps to ensure that the Al project stays on track and also
provides feedback for continuous improvement in
subsequent iterations of Al prototype development. As
we have an Al specific problem statement (which is
mathematical in nature) and a business need, we need two
metrics, one for each, and a way to connect them. That is
what we refer to an Al metric and a business metric.

The Al metric measures the performance of the
Al algorithm on the problem statement, typically through
mathematical measurements such as accuracy, F1 score,
etc. which may or may not have a direct correlation to the
business. On the other hand, the business metric directly
measures the impact on the defined business need.
Establishing the relationship between both metrics is a
crucial step for practitioners to holistically evaluate Al.
For example, in certain cases, 70% accuracy for Al
algorithms might result in 25% cost savings and in other
cases might not provide any substantial value to the
business.
4.1 Steps for practitioners to use LeanAl
method

While there is no “right” way to use the LeanAl
method, we suggest the following steps as a starting point,
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especially for the first-time users:

Step-1: Start by defining the business need: We have
observed in our case studies that practitioners who do not
think of the “bigger picture” (aka business need), often
fail to get attention from the top management. This,
ultimately, results in insufficient resources and lack of
traction within the company even if the project is
somewhat successful. Therefore, defining the business
need is an essential first step. While defining the business
need, we suggest practitioners to be as specific and
precise as possible, because these business needs are the
foundation on which the problem statements would build
on later. For example, stating the need as "improving
project performance” is not specific enough. It is
important to clarify if the goal is to reduce cost, reduce
time, improve safety, enhance worker's health, or
something else. A more specific and precise business
need would be "reduce the cost of the project" or, even
better, "reduce the maintenance cost of the project."

Step-2: Formulate multiple problem statements to
address the business need.: Once the specific and precise
business need is identified, practitioners should
brainstorm multiple ways in which Al can potentially
address it. This would involve creating well-defined
problem statements that Al can solve, and which will also
fulfill the business need. For this step, it is, therefore
necessary to involve two types of people: (1) those who
are familiar with recent developments in Al and
understand what it can and cannot do, and (2) those who
know operational details of the business to connect where
the capabilities of Al can be utilized.

Step-3: Evaluating if AI will be able to solve the
formulated problem statements: In the next step,
practitioners must determine if they possess the
necessary data, labels, and expertise to construct an Al
algorithm that can solve the formulated problem. To
accomplish this, it is crucial to involve someone with
experience in building Al algorithms as the data
requirements for these algorithms can, sometimes, be
substantial and may not be feasible for many companies.
Therefore, it is crucial to obtain a realistic estimate of the
data requirements and the performance of the Al
algorithm from an expert, to ensure the feasibility of the
project.

Step-4: Defining the metrics to track how well Al did:
Next, practitioners need to define both the Al metric and
the business metric and create a link between them. It is
important to obtain input from Al experts at this stage to
ensure that the metrics and targets set are realistic and
achievable, given the data and algorithms at hand. For
example, in one case study, the company required an Al
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algorithm to achieve an accuracy of over 99% for it to
have any value to the business. This unrealistic
expectation from Al ultimately led to the failure of the Al
project, which could have been avoided if the planning
process had been done correctly.

Step-5: Keep iterating: Creating a successful Al
algorithm is not a one-shot task. Practitioners need to
continuously iterate and improve depending on how well
the AI algorithm is performing on the Al and business
metrics. This may sometimes involve revisiting and
revising the business need and problem statement either
partially or completely.

4.2 Example case study demonstrating the use
of LeanAl method

In this section, we describe one of our case studies
that required practitioners to use Al to improve highway
maintenance. We will first explain how practitioners
planned this Al implementation using the traditional
method. We then illustrate how the LeanAl method
helped them improve their planning.

Using traditional planning, we observed practitioners
often defined broad and general goals on how Al can help
improve highway maintenance, such as reducing the
costs, decreasing rework, and increasing daily traffic
capacity on highways. While these goals may be areas
where Al should have an impact, they were not specific
enough to guide the development team in determining
how AI can be implemented to achieve them. This lack
of specificity led to disconnects during the
implementation phase as the Al development team
struggled to understand how to apply Al to solve these
problems. For example, one practitioner reported that
despite top management’s push to implement Al on their
highway maintenance projects, they have been struggling
to find a use case for it. Another practitioner reported that
his company’s Al project has been stalled for a few
months due to a lack of labeled data which they did not
account for in the planning phase.

In the LeanAl method, practitioners begin by
identifying the business need, such as reducing costs. The
next step is to identify the problem statement that Al can
solve to address the business need. For example, in the
context of highway maintenance, problem statements
from practitioners included using Al to automate the
detection of cracks on highways, predict crack growth
and propagation, and predict traffic growth on the
highway. These problem statements all aim to reduce
costs by reducing the number of workers needed for
maintenance or better planning for maintenance.

Although Al can potentially address all these problem
statements, whether it will be able to do so or not will
depend on the availability of data, labels, and algorithms.
For example, when practitioners evaluated the
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requirement of data and labels for the various formulated
problem statements, they realized the lack of sufficient
historical data for predicting crack propagation and
growth. Therefore, they had to restrict themselves to
either detecting cracks or predicting traffic growth on
highways.

Practitioners then established the metrics to track Al
and business performance. They determined that
“accuracy” would be used to evaluate the Al's
performance and the "amount of dollars saved in one
year" would measure the business performance. However,
upon further analysis, they found that even if the Al
achieved the highest level of accuracy in predicting
traffic, the financial savings would not justify the Al
project. As a result, they decided to proceed with the
problem statement of detecting cracks on highways and
abandoned the predicting traffic problem statement.

In summary, using the LeanAl method in this case
study, practitioners were able to clearly identify a use
case for Al that had significant business impact and could
be addressed with the available resources within the
company, something that was difficult to achieve with
the traditional method of planning Al implementations.

5 Validation
usefulness

of LeanAl method’s

30 practitioners were divided into ten groups, each
consisting of three members. These groups were given 90
minutes to plan an Al implementation project that they
were either currently working on or planning to work on
in the future, using the LeanAl method. The session
ended with a collective reflection session, during which
qualitative and quantitative feedback was gathered on the
usefulness of the method.

Of the ten groups, seven found the LeanAl method
to be very useful, while the remaining three found it
somewhat useful. None of the groups found the method
to be not useful at all. Practitioners particularly
appreciated the simplicity of the method and its
practicality, as well as the emphasis it placed on aligning
all of the project's elements (business need, problem
statement, data, and metrics) together. Participants stated
that while each of these elements could be formulated
individually, the real challenge was in aligning them, and
the LeanAl method helped them achieve this.

Four out of the ten groups expressed interest in
conducting more detailed workshops within their
companies, indicating that they found the LeanAI method
to be very useful.
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6 Conclusion

The use of Al in the AEC industry presents great
opportunity for automation. However, for a wide scale
adoption of Al, it is crucial that practitioners have a clear
understanding of what Al should solve, what it can solve,
and what it will solve. The LeanAl method provides a
starting point to address this challenge by encouraging
practitioners to involve relevant stakeholders in the early
stages of planning, ensuring that Al implementation is
aligned with the business needs and goals. This approach
can help to bridge the gap between planning and
implementation, increasing the chances of success for Al
projects in the AEC industry. Future research can further
validate the robustness and usefulness of the LeanAl
method in AEC and other industries.

References

[1] A. Darko, A. P. C. Chan, M. A. Adabre, D. J.
Edwards, M. R. Hosseini, and E. E. Ameyaw,
“Artificial intelligence in the AEC industry:
Scientometric analysis and visualization of
research activities,” Autom. Constr., vol. 112, p.
103081, Apr. 2020, doi:
10.1016/j.autcon.2020.103081.

[2] J. K.-U. Brock and F. von Wangenheim,

“Demystifying AI: What Digital Transformation

Leaders Can Teach You about Realistic Artificial

Intelligence,” Calif. Manage. Rev., vol. 61, no. 4,

pp- 110-134, Aug. 2019, doi:

10.1177/1536504219865226.

[3] E. Brynjolfsson and A. McAfee, The second

machine age: Work, progress, and prosperity in a

time of brilliant technologies. WW Norton &

Company, 2014.

[4] L. Goasduff, “The 4 Trends That Prevail on the

Gartner Hype Cycle for Al, 2021,” Gartner, 2021.

https://www.gartner.com/en/articles/the-4-trends-

that-prevail-on-the-gartner-hype-cycle-for-ai-2021

(accessed Dec. 19, 2021).

[5] G. Satell, “How to Make an Al Project More Likely

to Succeed,” Harvard Business Review, Jul. 19,

2018. Accessed: Dec. 20, 2021. [Online]. Available:

https://hbr.org/2018/07/how-to-make-an-ai-

project-more-likely-to-succeed

S. Ransbotham, S. Khodabandeh, R. Fehling, B.
LaFountain, and D. Kiron, “Winning with AL,” MIT
Sloan Manag. Rev., vol. 61180, 2019.



(7]

(8]

(9]

[10]

[11]

40th International Symposium on Automation and Robotics in Construction (ISARC 2023)

P. Bosch-Sijtsema, C. Claeson-Jonsson, M.
Johansson, and M. Roupe, “The hype factor of
digital technologies in AEC,” Constr. Innov., vol.
21, no. 4, pp. 899-916, Jan. 2021, doi: 10.1108/CI-
01-2020-0002.

A. Agrawal et al, “Digital Twin in Practice:
Emergent Insights from an ethnographic-action
research study,” in Construction Research

Congress 2022, Arlington, Virginia, USA, 2022, pp.

1253-1260. doi: 10.1061/9780784483961.131.

A. Agrawal, M. Fischer, and V. Singh, “Digital
Twin: From Concept to Practice,” J. Manag. Eng.,
vol. 38, no. 3, p. 06022001, May 2022, doi:
10.1061/(ASCE)ME.1943-5479.0001034.

A. Agrawal, R. Thiel, P. Jain, V. Singh, and M.
Fischer, “Digital Twin: Where do humans fit in?,”

Autom. Constr., vol. 148, p. 104749, Apr. 2023, doi:

10.1016/j.autcon.2023.104749.

S. Ransbotham, D. Kiron, P. Gerbert, and M.
Reeves, “Reshaping business with artificial
intelligence: Closing the gap between ambition and
action,” MIT Sloan Manag. Rev., vol. 59, no. 1,
2017.

K. Hosanagar and A. Saxena, “The First Wave of
Corporate Al Is Doomed to Fail,” Harvard
Business Review, Apr. 18,2017. Accessed: Dec. 19,
2021. [Online]. Available:
https://hbr.org/2017/04/the-first-wave-of-
corporate-ai-is-doomed-to-fail

[13] P. Hofmann, J. J6hnk, D. Protschky, and N. Urbach,

[14]

[15]

“Developing  Purposeful Al Use Cases-A
Structured Method and Its Application in Project
Management.,” presented at the
Wirtschaftsinformatik (Zentrale Tracks), 2020, pp.
33-49.

Y. Duan, J. S. Edwards, and Y. K. Dwivedi,
“Atrtificial intelligence for decision making in the
era of Big Data — evolution, challenges and research

agenda,” Int. J. Inf. Manag., vol. 48, pp. 6371, Oct.

2019, doi: 10.1016/j.jjinfomgt.2019.01.021.

T. Hartmann, M. Fischer, and J. Haymaker,
“Implementing information systems with project
teams using ethnographic—action research,” Adv.
Eng. Inform., vol. 23, no. 1, pp. 57-67, Jan. 2009,
doi: 10.1016/j.a¢1.2008.06.006.

659

[16]

(18]

[19]

[23]

[24]

D. Oswald and A. Dainty, “Ethnographic Research
in the Construction Industry: A Critical Review,” J.

Constr. Eng. Manag., vol. 146, no. 10, p. 03120003,
Oct. 2020, doi: 10.1061/(ASCE)CO.1943-

7862.0001917.

A. Mahalingam, A. K. Yadav, and J. Varaprasad,
“Investigating the Role of Lean Practices in
Enabling BIM Adoption: Evidence from Two
Indian Cases,” J. Constr. Eng. Manag., vol. 141, no.
7, p. 05015006, Jul. 2015, doi:
10.1061/(ASCE)CO0.1943-7862.0000982.

S. Azhar, I. Ahmad, and M. K. Sein, “Action
Research as a Proactive Research Method for
Construction Engineering and Management,” J.
Constr. Eng. Manag., vol. 136, no. 1, pp. 87-98,
Jan. 2010, doi: 10.1061/(ASCE)CO0.1943-
7862.0000081.

M. Fischer and A. Agrawal, “Digital Twin for
Construction,” Center for Integrated Facility
Engineering, 2019.
https://cife.stanford.edu/Seed2019%20Digital Twi
n (accessed Oct. 01, 2021).

A. Agrawal, V. Singh, and M. Fischer, “A New
Perspective on Digital Twins: Imparting
Intelligence and Agency to Entities,” IEEE J. Radio
Freq. Identif-, vol. 6, pp. 871-875, 2022, doi:
10.1109/JRFID.2022.3225741.

H. G. Ballard, “The last planner system of

production  control,” d ph, University of
Birmingham, 2000. Accessed: Jan. 21, 2023.
[Online]. Available:

https://etheses.bham.ac.uk/id/eprint/4789/

D. Norman, “Design, Business Models, and
Human-Technology Teamwork: As automation
and artificial intelligence technologies develop, we
need to think less about human-machine interfaces
and more about human-machine teamwork,” Res.-
Technol. Manag., vol. 60, no. 1, pp. 26-30, 2017.

N. Emaminejad, A. M. North, and R. Akhavian,
“Trust in Al and Implications for the AEC Research:
A Literature Analysis.” arXiv, Mar. 07, 2022.
Accessed: Jan. 21, 2023. [Online]. Available:
http://arxiv.org/abs/2203.03847

A. Braun and A. Borrmann, “Combining inverse
photogrammetry and BIM for automated labeling
of construction site images for machine learning,”



40th International Symposium on Automation and Robotics in Construction (ISARC 2023)

Autom. Constr.,vol. 106, p. 102879, Oct. 2019, doi:
10.1016/j.autcon.2019.102879.

[25] H.Baker, M. R. Hallowell, and A. J.-P. Tixier, “Al-
based prediction of independent construction safety
outcomes from universal attributes,” Autom.
Constr., vol. 118, p. 103146, Oct. 2020, doi:
10.1016/j.autcon.2020.103146.

[26] R. Sacks, M. Girolami, and I. Brilakis, “Building
Information Modelling, Artificial Intelligence and
Construction Tech,” Dev. Built Environ., vol. 4, p.
100011, Nov. 2020, doi:
10.1016/5.dibe.2020.100011.

[27] J. Lépez, D. Pérez, E. Paz, and A. Santana,
“WatchBot: A  building maintenance and
surveillance system based on autonomous robots,”
Robot. Auton. Syst., vol. 61, no. 12, pp. 1559-1571,
Dec. 2013, doi: 10.1016/j.robot.2013.06.012.

[28] Y. Pan and L. Zhang, “Roles of artificial
intelligence in construction engineering and
management: A critical review and future trends,”
Autom. Constr.,vol. 122, p. 103517, Feb. 2021, doi:
10.1016/j.autcon.2020.103517.

[29] L. Rampini, A. Khodabakhshian, and F. Re
Cecconi, “Artificial intelligence feasibility in
construction industry,” presented at the 2022
European  Conference on Computing in
Construction, Jul. 2022. doi:
10.35490/EC3.2022.189.

[30] Geoff Hulten, Building Intelligent Systems. 2018.
Accessed: Aug. 05, 2022. [Online]. Available:
http://link.springer.com/book/10.1007/978-1-
4842-3432-7

[31] Erik Brynjolfsson and Tom Mitchell, “What can
machine learning do? Workforce implications,”
Science, 2017. Accessed: Aug. 05, 2022. [Online].
Available:
https://www.science.org/doi/10.1126/science.aap8
062

660



