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Machine learning in the construction

Abstract

Machine learning has the potential to improve processes and revolutionize
economies on a global level and that is also true for the construction indus-
try. Machine learning has started to get attention in recent years as computer
power have increased and the cost has reduced. The purpose with machine
learning is train an algorithm to process large quantities of data for essential
information. This can be applied to varies field and industries and as the
societies are gathering data and are being digitized, the applications for ma-
chine learning will only grow. Machine learning has yet be applied on a large
scale in the construction sector but that will inevitable change as the bene-
fits becomes to great to ignore. Many of the large Swedish companies have
started to look at digitizing their activities, which would be an important
milestone for machine learning. However many are also unaware of machine
learning and how to incorporate it into the business, hampering its progress
in the construction sector. The result conformed the the idea about all par-
ties are recognise the promise with digitizing but currently on a low level,
the amount of data is not sufficient to train algorithms on satisfying level.
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Machine learning in the construction

Sammanfattning

I takt med att datorer har blivit kraftfullare och effektivare har méjligheterna
med att tillampa datorverktyg i ekonomin vaxt. Mer och mer kan man borja
lasa om maskininlarning och om hur den kan anvandas for att forbattra pro-
cesser och leda till hogre tillvaxt. Byggsektorn har lidit av lag tillvaxt under
en langre tid och maskininlarning kan vara en del av 1osning till okad produk-
tivitet. Maskininldrning innebér att man lata algoritmer behandla data for
att lara sig och se monster, koppling och att kunna gora prognoser inom ett
omrade. Fordelarna har ar att algoritmer kan behandla stora mangder data,
nagot som hade varit svart for méanniskor att gora. Att ga igenom datan
innebdr att kunskap kan utvinnas, vilket kan gor ett foretag/organisation
konkurrenskraftig. Hur maskininldrning kan tillampas for att gora projek-
teringsfasen mer effektiv i termer om tid, finanser och projektera for oka
sakerhet i produktionen har det undersoks lite om. Resultatet visade att om
med osédkerheterna i svaren att byggforetagen generellt inte &r lika digitalis-
erade som resten av samhallet och att tillampningen av maskininlarningen
kan bli svar innan tillrdckliga mangder data har samlats, men att digitalis-
eringen kommer att ske da alla anser att fordelarna ar for stora for att kunna
ignorera.
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Machine learning in the construction 1 INTRODUCTION

1 Introduction

1.1 Background

The construction industry in Sweden makes up a large part of the GDP as
it is an important part of the economy but it has not been as innovative and
has a lower productivity development compared to the rest of the economy
[1][2]. The industry has simply been slow to incorporate new technique and
as a result lags behind in the development [1]. This is something which re-
quire a change.

With the progress made in transistor in integrated circuit in the last decades
and with the introduction of more powerful computers, an emerging field
known as machine learning has started to make its entrance in the society
[3][4]. The promises with machine learning are many, aided with the rise of
data thanks to digitization, increased access to big data, increasingly pow-
erful computers making it seems inevitable that machine learning would not
make it into the construction industry [5][4][6]. The question should rather
be when then if [5]. Integrating machine learning into the business strategy
will help to streamline companies and the organisations overall performance.
Improved performance are likely to make companies more competitive on the
market [7].

Machine learning can be applied in the industrial production to make the
production lines more efficient, reducing the operating costs etc [7]. With ma-
chine learning, it would be possible to use an algorithm to execute monotonous
task which can be less efficient if performed by humans. There are many fields
where machine learning can be applied to help improve the economy [8]. Ex-
amples of application are agriculture, brain machine interfaces, computer
vision, machine translation, medical diagnosis, optimization, search engines
etc [9][10][11]. Because an algorithm doesn’t need rest, it can work with
the same efficiency around the clock and with a low operation cost. As the
world is starting to become more digitized it appears inevitable that data
and algorithms will play a bigger roll in people’s everyday life in the future.
Given the numerous applications for machine learning in the economy as a
whole, it will be integrated into every sector in the economy sooner or later
when The Internet of Things starts to emerges [12]. The question is if the
construction will adapt the technology together with the other sectors in the
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economy or fall behind [13].

1.2 Problem

As societies develops and new technology emerges, new challenges as well as
opportunities arise for the construction industry. Technology like machine
learning have be applied in several industries in recent years as the technol-
ogy have matured and become available on the market [14][15]. Utilizing
machine learning is expected to have a profound impact on the way data is
being processed [16]. With trained algorithms it is now possible to handle
larger quantities of data than before, and to take decision based on the anal-
ysis made by the algorithm in a much shorter time span than previously [16].

There are several problems ahead before machine learning can be utilized
in the construction industry. One big obstacle to overcome is the construc-
tion sectors pace of including new technology [13]. Construction companies
are in general sluggish to use new technology, which hampers the economical
progress [13]. How raw data shall be used in machine learning to train an
algorithm is a another problem. To acquire this technology and be able to
use it requires knowledge in the field of machine learning and coding, this
competence is something most construction companies do not have and that
gives the construction companies two choices, to acquire the competence
through an initiative to build up an internal department for it or to hire
it from an external consult [1]. The cost for acquiring is also something to
be considered. Even though machine learning can help to make the design
phase more productive, it can be costly in the initial stage with recruiting
computer experts and investing in a project with the objective to create an
algorithm for the design phase. This also takes time which is a factor to
consider.

1.3 Aim

The aim with this master thesis is present a theoretical framework for how
machine learning can be utilized in the design phase in a construction project
make it more efficient in terms of capital, safety and time. The paper will
beyond that evaluate if constructions companies are likely to utilize this
technology in the future. Hiring architects to design, engineers to calculate
and economists to estimate profitability costs both time and capital. Machine
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learning can improve a numerous things of this processes and will only be
better with time as more and more data is collected. The ambition is to have
an understanding on machine learning and its role (or lack of role) in the
design phase in the construction industry for the future. To achieve the aim
of the study the following research questions will be addressed.

1. What is machine learning in construction design?

2. Can machine learning result in i) reducing costs, ii) faster working
process and iii) help to design and create safer work places during the
design phase?

3. Has the technique matured enough for machine learning to be utilized
in a meaningful way and is it difficult to acquire the technology for
machine learning in construction design?

1.4 Delimitation

Because of the vastness of both the construction industry and machine learn-
ing, some limitations have been made in order for this master thesis to be
possible within the time frame of 20 weeks. The thesis will not evaluate
any long term consequences of machine learning but only to focus on how
machine learning can can help the construction companies to streamline the
design phase in the near future in order to increase margin, safety and de-
crease time needed for a project.

The master thesis will only evaluate the larger parties ability to acquire
the technology as including small companies will be too time consuming
since they are less likely to have the time, capability and money to spend on
machine learning.

1.5 Target group

Since the master thesis will focus on machine learning in the construction
industry, the primary target group will be parties in the construction indus-
try. This includes both private and public companies as well as computer
engineers that are interested in exploiting an undeveloped digital market [13].
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1.6 Disposition

Chapter

Description

1. Introduction

The introduction is to introduce machine learning and
the purpose with it. Here will the background and prob-
lems be highlighted as well the aim of this paper.

2. Theory

The chapter presents the theory behind machine learn-
ing, what it is, different forms of training and how it
can be utilized by different organizations to create more
value and improve efficiency within an organization.
The chapter will further present how machine learning
can be used in the construction sector.

3. Method

Third chapter presents a framework for how the method
will be presented and executed in light of the studies
objectives.

4. Result

The results will present the answers from the survey and
will be anonymously presented.

5. Discussion

The chapter will discuss on several levels the theory of
machine learning and the results from the survey. How
machine learning can change a business is important to
understand for the aims of the master thesis as well as
understanding how the future for machine learning will
play out.

6. Conclusion

The final chapter will present conclusions drawn from
the process of collecting data. Given the magnitude of
information, there will be suggestions of continued stud-
ies which the master thesis was unable to process.
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2 Theory

2.1 What is machine learning?

Machine learning was first coined as an expression by a American professor,
named Arthur Lee Samuel in 1959 and is the scientific study of algorithms
and statistical models [17]. The idea with machine learning is that giving an
algorithm data and training it will let the algorithm find and understands
pattern [18]. The algorithm creates a model based on the supplied data and
through iterative testing, the model may perfect itself, i.e. as the algorithm
learns it becomes more precise in it’s predictions [18]. The data can have
one or more variables that the algorithm will train to understand, and the
variables are usually called features [19]. The algorithm can through learning
and processing of data solve problems that are too difficult for conventional
program to handle. Improving its performance over time as the algorithm is
processing new data [20]. This can be visualised in figure 1.

Traditional program

Pro&%ﬁg Computer |C— > Output

Machine learning

Ou['zgtjat ':::; Computer |C— _>Program

Figure 1: Showing the difference between traditional programming and ma-
chine learning. Source: towardsdatascience, 2019

How the process of training an algorithm can be seen in three levels, repre-
sentation, evaluation and optimization [21]

e Representation: The algorithm creates a model which learns the con-
nection between the input data and the labeled output after processing
the data.
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e Evaluation: After creating a number of models, the best model (with
the most accurate predictions) are chosen and tested with new data to
see if the model(s) work with unknown data.

e Optimization: Here the model(s)with the best performance is chosen
and are trained with more diversified data to be optimized.

Besides the process of training an algorithm, preparing the data is a process
in it self [21]. The data could be split up into two groups, the training
data and the evaluation data [19]. The purpose with this is that after the
training is complete, the model should be tested to see if it is accurate in
its predictions, based on data that it has never seen before [19]. The ratio
between these groups should be around 80-20% in the favour of the training
data, though this is just a rough estimate [19]. Before the data can be used
for training, it needs to be prepared [20]. Preparing data usually follows
these steps [22]

e Selecting a subset of data: Select data which helps the algorithm to
train and understand a problem

e Incorporate the data into groups: The amount of data can be easier to
handle when sorted into groups, data should therefore be sorted after
similarities

e Choose the format and modeling: Choosing the format for the data,
some algorithm needs the data to be organized in special order.

e Remove and/or replace data that are missing or blank: Remove any
unnecessary data and control that the data is complete.

e Normalize the data: Transforming all data to a shared scale so that
the measurement is the same for all the data sets

The data is crucial for training the algorithm and how well the algorithm per-
formance depends strongly on the data [23]. Given the importance data now
has for companies and industries, data will play a bigger roll in the future [24].

The algorithm is trained using a learning model [20]. The model used for the
training should be well suited and adapted to the task for being successfully,
as different models are training the algorithm for very different objective
[20]. More about learning models in chapter 2.6. There are many types of
algorithms and some of the more common are in the list below [25]

7
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Regression algorithms: The algorithm uses linear and logistic regression
to predict an output. All regression algorithm models follows the same
general pattern.

Decision trees: The algorithm has a set of decision rules and makes
recommendations using classification.

Instance-based algorithms: Classification is used to estimate how prob-
able it is for a data point to belong to a group or not, based on its
proximity to the other data points.

Clustering algorithms: The algorithm works by putting all data into
groups based on similarities.

Artificial neural network: The algorithm uses artificial neurons that are
connected with each other to mimic the human brain and is effective
for image recognition and computer vision [21].

These algorithms suits different needs and therefore it is important to choose
a right algorithm for the problem that shall be solved [26]. Overall, the
process for training an algorithm, using machine learning, can be more or
less identified into eight steps [21]

Identify and bring forth the necessary data: Understand what kind of
data is relevant for the process

Prepare data: The data needs to be clean, secured and governed for
usage

Select the algorithm: Decide what type of model is best suited for the
purpose of machine learning.

Train the algorithm: The algorithm is trained to create models of that
chosen type in the previously step. The models process through the
data sets and are slowly increasing the the accuracy of the predictions.

Evaluate performance: Evaluate the models and choose the model with
the best performance for deployment

Deploy models: The model is deployed.

Prediction: The model starts to make predictions on new data.

8
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e Evaluate the predictions: The model is evaluated and the data that
the model has used is feed back for improvement. With a continuous
flow of data, the model can continue to increase its accuracy.

This process can be seen more as a cycle rather than as a line [21]. Deploying
the model and letting it collecting more data, the model can improve the
accuracy of its predictions and learn without human assistance [21].

2.2 Why now?

The recent years have seen lots of progress in machine learning and Al, re-
sulting in a large quantity of capital being invested into tech companies [21].
There are several things that have enable the progress of machine learning
[27]. More powerful processors, declining cost of storage and management
of data, clustering of computer, more commercial data sets and availabil-
ity of algorithms on commercial platforms [21]. As can be seen i figure 2,
the process power in computers have increase enormous in the last decades,
though the pace of increasing the numbers of transistors into a chip have
been slowing down compared to Moore’s law [28][29]. However, this trend of

10°  Transistors in an integrated circuit chip
100000000
10000000
1000000
100000
10000
1000

(%]
e
o
=
]
[}
2
<
o
=)

100
10

1

Figure 2: Displays the numbers of transistors in integrated chips. Source:
Our world in data, 2018

using machine learning is likely to continue and will result in transformation
for industries and businesses with the rise of more powerful computers [4].
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The access to data is an equally important reason for the emergence of ma-
chine learning [21], and the quantities of data have exploded in the last years
[30]. This trend of massive data creation seems to continue as showed in
figure 3 [30]. This is a goldmine for corporations as the data will help them
to improve their businesses [16]. Today, there are numerous application on
the market for machine learning such as, chatbots, process optimization etc
[31]. The industry for machine learning is expected to grown at a very high
rate over the next few years [31].

Volume of data accumulated between 2010-2018 and the expected growth of data
volume till 2025

1295

DATA IN ZETABYTES

2010 2011 2012 2013 2014 2015 2

101
795
64,5
50,5
41
e 33
40 2
- - 7 '_SJS - D D D D D
20 2 5 6.5 E -
2016 2017 2017 2019 2020 2021 2022 2023 2024
YEAR

Figure 3: Displays how the amount of data that have been created the last
years and how it is expected to grow till 2025. Source: Statista, 2018

2.3 Algorithms

Depending on the purpose with machine learning, different methods can be
applied to create an algorithm, and different way can be used to train it
[26]. The algorithm itself is nothing more that instructions for a computer
on how to handle data [21]. Compared to other algorithms, machine learning
algorithms are different in the sense that they have flipped the process, it is
the data (output) that creates the model [21]. The more data, the better
the algorithm becomes [21].Below are some of the most commonly know
algorithms (some of which have already been discussed) [21][32] [33]

10
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e Linear regression: The algorithm models the relationship between input
and output using a linear function, Y=f(X)

e Logistic regression: This algorithm is used when the variable is binary,
meaning the value are discrete

e Classification: A classification algorithm is a prediction in what class/group
a data points belong to [34]

e Dimensionality reduction: The algorithm reduces the numbers of fea-
tures in the data sets [35]

e Support vector machines: Support vector machines or SVM tries to
separate the data points using a line or a hyperplane so that it will be
easier to classified the data

e Decision trees: The algorithm uses a tree-like model for the decision
making and the consequences of the options

e Naive Bayes: The algorithm calculate the probability that an event will
happen if another action has happened, using Bayes’s theorem

e k-means: The algorithm will group the data into groups with similari-
ties

One type of algorithm that is relative new in practise, but seems promising, is
artificial neural network [36]. A neural network works by processing an input
vector through a field of artificial neurons [26]. These neurons are connected
and are thought to mimic the human brain [26]. It is however despite the
similarities a much less complex version compared to the human brain [26].
The input vector(s) are processed by the artificial neurons which are divided
into "hidden layer” [26]. How many numbers of hidden layers depends on the
complexity of the algorithm and every hidden layer have a finite number of
parameters [36]. After being processed, the information is sent to the output
layer which gather all the data from the different neurons and sends out an
output as figure 4 shows [36].

Each neuron has a weight that is adjusted as the model is changing, and

all outputs are change with this weight [36]. A layer of only one neuron is
called a Perceptron [37].

11
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Input layer Hidden layer Output layer

Input 1 —— . .\

Input 2 —— . . . Output
s @@

Neural Network with One Hidden Layer

Figure 4: How information is processed through a neural network. Source:
IBM, 2017

1 —)@ Bias
o —O

X, _>@
IDPUt . \@ f: activation function Output
@

b+ XoWo + X1 W1 + .. X, W,

Xn —

Synaptic weights

Perceptron

Figure 5: How a single neuron works. Source: towarddatascience, 2019

Figure 5 describes how a single neuron works, the x:s are input and mul-
tiplied with the weight which is applied to each artificial synapse and the
weight can be seen as the strength for a node [36]. The value b is a bias
value, giving the neuron the ability to shift the activation function up and

12
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down [36]. The activation function decides if a neuron shall be activated or
not by adding the sum of all weighted inputs and bias [36].

Doing so allows the output to be non linear, which is the point with ar-
tificial neural networks [36]. When the output has passed through (called
a forward pass) and is compared to the actual value, an error value or a
cost function is sent back (called backward pass) through the neurons with
a value of one half of the squared difference between the output and the ac-
tual value [36]. Repeating this pattern reduces the error and the algorithm
is trained to perform better and give answers with a higher precision [36].
The process of converging the parameters in the network to minimize error
in the system is called gradient descent [27]. The purpose with ANN is to
perform deeper analysis than just organizing data, this includes computer
vision, speech recognition, self driving cars, medical diagnosis etc [36]. Deep
learning which is often call a sub-discipline is a machine learning methods
that uses an artificial neural network [21].

Artificial intelligence

A field in science which is trying to get computers to
perform a function that require human intelligence

Machine learning

A set of algorithms that let the
computer learn from data

Deep learning

A developed set of machine
learning techniques

Figure 6: How the different areas relate to each other. Source: Autodesk
BIM 360, 2017

It is a technique that uses both supervised and unsupervised machine learning
with a large quantities of data and have many more hidden layers compared
to a ordinary neural network [21]. Unlike other machine learning algorithms,

13
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it learns the same way as humans do, by examples and is a sub category
to Al [36]. How the different areas are connected can be seen in figure 6.
The application for deep learning are many and especially in areas where
other forms of machine learning algorithms performs poorly, such as speech
recognition, prediction of machine malfunction, self-driving cars, language
translations, healthcare, fraud detection, virtual assistants etc [38][21][36].
There are however challenges with deep learning [27]. For one, training with
ANN requires a lot of data, which may not always be available in sufficient
amount [27]. Secondly, using reinforcement learning with a reward-based
purpose can lead to the agent acting unethically in its pursuit for rewards,
which in the real world would have a negative impact if deployed [27].

2.4 Features

All models depends on a or more features, which can be seen as a variable or a
common factor in the data [18]. These are necessary because they can be seen
as a measurement that helps to form the model [18]. Examples of features
could be age in a population, colour on objects, alcohol content in drinks
etc [18][19]. It is important to choose as few features as possible but enough
to cover all variables to explain the situation which the algorithm faces [39].
Unnecessary features results in more work for the algorithm without the
corresponding output [39]. Irrelevant features may even affect the model
negatively if chosen poorly [40]. Features is not necessary for every form of
learning models for machine learning, which will be discuss in chapter 2.6.

2.5 Building Information Model

Building Information Modeling, or BIM for short, is a process for incorporat-
ing all information about a project in all phases [41]. BIM can be seen as a
digital platform to create and handle all information regarding the planning,
design, construction and collaboration between parties for a project [42]. The
tools in BIM can help people to see different views of the projects geometry
and attributes which helps the personal to visualise the the structure [43].
This makes it possible for anyone involved in the project to get access to
real time information through the cyber space, known as a common data
environment [42]. For successfully use of BIM, 5 things are necessary for it
to work properly and effective [44]

14
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e Information: There are two types of data, models and documents.
Models are the digital data that describe an object (facilities, roads,
cottage etc). Documents are images, films, drawing etc.

e People: Using BIM often includes different kinds of roles for the per-
sonal responsible for its creation. There is often a BIM director, BIM
manager, BIM consultant and BIM technologist

e Policies: This is the frame work for decision making to let the work
proceed smoothly and without friction

e Processes: This is the order of which activities will happen in

e Technologies: This is the soft- and hardware required to manage the
processes in BIM

These things allows the work process to be effective and gives the team a
better overlook of the visual, planning, cost, coordination, operational data
etc [44]. The result of using BIM can be reduced rework, reduced project
duration and reduced errors throughout the project [44].

2.5.1 Why is BIM important for machine learning?

Given that BIM is collecting enormous amount of data through the digiti-
zation of the documents, this would be a perfect place to utilize machine
learning [45]. Machine learning would be able to classify every element and
process all information about a project, giving it the ability to make im-
provements on the model building process [46]. Accordingly to a survey
from Kreo, a majority of construction companies takes more than four weeks
to prepare a bid [46]. This can be reduce when using machine learning to
generate different designs alternatives which reduces the human errors [46].
The result will be more cost-efficient, reduce time at the design phase, more
realistic time planes and improved margins [47]. This trend of gathering data
is likely to continue as the technology improves and they can handle more
data [47]. There are companies today that are working with introducing ma-
chine learning to BIM, Autodesk is such a company [48]. Autodesk wants
to reduce accidents by training algorithms for risk management using data
from Classic BIM 360 field amongst other [49].

15
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BAM is an another construction company with a presence in over 30 coun-
tries who wants to use machine learning to improve its workflow [50]. As
BAM has a large quantity of data to use, they are hoping to use machine
learning to identify risks and safety issues in projects [50]. By knowing the
risk, they can be avoided and reduced in probability and severity, leading to
less costs [50].

2.6 Different forms of learning models for algorithms

Training an algorithm can be done with multiple models, which can be cat-
egorized into groups, the most common are supervised, unsupervised, semi-
supervised (which is a combination of supervised and unsupervised machine
learning) and reinforcement machine learning [51]. This is shown by figure
12 together with some common algorithms [52].

Machine learning
Supervised machine Semi-supervised Unsupervised Reinforcement
learning machine learning machine learning machine learning

Classification Regression Clustering ( Association X Q-learning )

Figure 7: Different types of machine learning models with some common
algorithms. Source: towardsdatascience, 2019

2.6.1 Supervised machine learning

Supervised machine learning algorithms use classified data (organized, not
random data) to analyze and create a mathematical model [53]. This model
can be of different types, such as decision trees, support vector machines
or regression analysis to mention a few [54]. For all the different types of
algorithms trained in supervised machine learning form, data are inserted
and the algorithm predict output values which the algorithm can compare
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with the correct answer and modify its model [54]. It can be seen as a func-
tion of Y=(X) where X is the input data and Y is the answer [55]. This is
shown in figure 16. The desired output depends on the feature chosen for the

Input vector Desired output

Training data

Testing data

Error
| — @
Output Critic

Figure 8: How supervised machine learning works. Source: IBM, 2017

algorithm and it will train until an acceptable level of accurate prediction
has been achieved [54]. For supervised machine learning, one problem with
using this learning method is overfitting, meaning that the algorithm can not
generalize well from new data [56]. The algorithm may perform excellent on
the data that it has been given but is unable to predict effectively on new
data, because the model do not include variance to an adequate degree [57].
However having too much variance results in a low bias for the model [56].
Bias is when a algorithm has limited flexibility to understand important pat-
terns from the data, the algorithm is consistent but inaccurate [56]. Variance
on the other hand is an algorithms ability to be sensitive to specific sets in
the data and is on average accurate but inconsistent, the opposite compared
with bias [56]. It can be seen as a trade-off between bias and variance, where
both should be as high as possible [57].

The reason for the trade-off in the first place is due to the fact that low

variance algorithms are less complex and have a few variables to depend on
[56]. A complex algorithm tends to be too flexibility, making it inconsistent,

17



Machine learning in the construction 2 THEORY

this is shown in figure 9 [56]. That is why the data is divided into two sets,
the training data and the testing data [54]. The testing data will be used for
see how well the model responds to new data [54].

Low bias High bias
High variance Low variance

Figure 9: The trade-off between bias and variance. Source: Elitedatascience,
2016

For supervised machine learning, the are many types of different algorithms
used for supervised machine learning [54]. The more common are described
below [54].

e Linear regression: The algorithm tries to find the linear relationship in
the data which can be described as Y=f(x) [58]

e Decision trees: An algorithm using decision trees shows visually the
decisions with a probability from classification [26]. The way the virtual
decisions branches out like a tree have led to the name [59]

e Artificial neural network: This algorithm works by processing an input
vector through artificial neurons, which are divided into layers [26]

e Classification: A classification algorithm is predicting in what class/group
a data points belong to [34]. This can be used for decision trees, k-
means etc [34]
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2.6.2 Unsupervised machine learning

Unsupervised machine learning is different from supervised machine learning
in that algorithms here are feed with data, but the data are not classified nor
labeled [26]. The purpose is to study how the algorithm tries way to create
a function/model to discover hidden structures and label the data [51]. The
objective is to create a function/model with the ability to categorize new
unlabeled data based on the model, this is visualised in figure 10. Unlike
supervised machine learning, unsupervised machine learning has no known
output or features [60]. This means it is possible to find patterns or connec-
tions which were not expected, or completely irrelevant if the data had not
been prepared properly [39].

Input vector Class
Al
1C]
1B

Dataset 1B
1B
1A
1B
D]

l
Mapping
function

|

Figure 10: How unsupervised machine learning works. Source: IBM, 2017

Unsupervised machine learning can be applied to several situations where
there are large amount of data that needs to be filtered and sorted [39]. Ex-
ample of this can be association mining, meaning to detect relations between
different variables in the data, and latent variable models, to remove un-
necessary data or reduce the number of features/dimensions [61]. There are
many common algorithms that can be used in unsupervised learning [39].

e K-means clustering: The algorithm is divides the data (n numbers of
observations) into k numbers of clusters, which is shown in figure 11
[62]. This can be applied in the detection of cancer [63]
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e Clustering methods: The algorithms tries to find groups in the data
with similar data points [39]. This is shown in figure 12

e Latent variable models: The algorithm works to find latent variables
in the data to detected hidden structures [39]

e Unsupervised neural networks: This algorithm works the same as ar-
tificial neural network, the only different is that the data processed by
the neural network is unlabeled [39]

Cluster B

Cluster A Centroids

Figure 11: How k-means clustering works. Source: towardsdatascience, 2018

One problem with unsupervised machine learning is that is often does not
work properly [39]. Another problem is that it can be hard to evaluate the
result from the algorithm since no labeled data is available [60]. Clustering
is for example hard to evaluate but can be very useful in practise [64].

2.6.3 Semi-supervised machine learning

Between supervised and unsupervised machine learning is semi-supervised
machine learning [51]. The algorithm uses both labeled and unlabeled data
to improve the algorithm [65]. Usually a small amount of labeled data and a
large amount of unlabeled data, using this ratio allows the models to improve
the the learning accuracy [51].
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Figure 12: One way to use clustering methods. Source: Data fair, 2019

Semi-supervise machine learning is applied in situations where there are large
quantities of unlabeled data and since it takes time and money to label, using
semi-supervised is an effective approach [65]. This can be in a bank where
there is a need to build data security [66]. Semi-supervised machine learning
has had a resurgence during the last years because of its ability to reduce
the error rate but is overall a relative new phenomenon [65].

2.6.4 Reinforcement machine learning

Reinforcement machine learning is the fourth way to train an algorithm and
is when a algorithm interacts with the environment and learns by trials and
error [26]. The algorithm or the agent performs actions freely to execute
a task, which, if successful results in a reward and penalty if failure occur
[67]. The reinforcement learning can be more closely connected to supervised
learning than unsupervised as figure 13 shows.

Supervised  Reinforcement Unsupervised
learning learning learning

Learning through labeled  Learning actions (policy) based Finding hidden structure
data for prediction on feedback from environment in unlabeled data

Figure 13: The learning spectrum for machine learning. Source: IBM, 2017
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Learning policy
(state>action) to
maximize reward

State/feedback Action

Action changes
state

Figure 14: The loop of how an algorithm/agent learns through interaction
with the environment. Source: IBM, 2017

The algorithm is not using raw data, but is learned to identify actions in
an environment and every action is connected to a state [26]. The endgame
is for it is to has a optimized state-to-action as figure 14 shows. The ad-
vantaged with this is that it can be used in situations where a model of
an environment is known but a solution is not [68]. This can typically be
robotics, gaming, self driving cars, traffic light as well as search engine, vir-
tual personal assistants, email spam filtering etc [69][70]. One good example
on this is the experiment OpenAl tried, where they used reinforcement learn-
ing in a hide-and-seek game for agents [71]. The agents could act freely in
a closed environment and after many iterations of testing, they started to
learn different strategies on their own to best win rewards [71].

There are many different algorithms for reinforcement machine learning and
on of the more common is Q-learning algorithm [72]. A Q-learning algorithm
is one form of reinforcement learning, in which Q values are embodied for
every state-action pair [26]. This helps the algorithm to understand which
path to take to achieve an objective and to receive a reward [26]. These Q
values are then updated for every state-action until the algorithm reaches it
goal [26]. This type of learning is well suited for gaining knowledge and to
take decisions in uncertain environments [26]. This is depicted in figure 15.
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Figure 15: How a Q-learning algorithm works in general. Source: IBM, 2017

2.7

Machine learning in the industry/business sector

Machine learning can be applied to many fields and areas in the business
and industrialise sector where data is needed to the processed [73]. A list is
shown on some of the applications for machine learning [73][32][74]

Risk management in financial services
Medical services

Geographic image processing

Facial recognition

weather data analysis

Epidemiology

Spam filtering

Speech recognition

Information retrieval

Virtual personal assistant

Though machine learning not yet has had it entrance into the wider market
of the construction industry, it has in two other industries started to be-
come adopted [75][13][76]. Because of the difficulties with finding materials
on machine learning in the construction industry and how machine learning
can make the design process more efficient, it was decided to look at sectors
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where machine learning have been adopted in some areas and see how ma-
chine learning has affected the processes and what the consequences of its
implementation were. By looking at other industries, it creates a better un-
derstanding on how machine learning can be applied, difficulties with finding
sufficient and correct data as well as other problem that may arise in the
process.

2.7.1 The financial sector

The first industry used as a reference is the financial industry, where some
banks have started to use machine learning on algorithms to improve their
efficiency on the market [77]. There are numerous applications for machine
learning in the finance sector [15]

e Risk management in financial services

e (Customer service

Digital assistants

Marketing

Algorithmic trading
e Money-laundering prevention

JP Morgan Chase and CO is one of the oldest and largest bank in the USA
[78] and are using machine learning in their business [79]. The ambition is to
make better decision based on data analysis as this will give the investment
managers an edge [79]. The algorithm will have access to real-time informa-
tion and can supply with organized data to the investors [79]. Accordingly
to JP Morgan, this is now possibly because of 3 things [79]

e Exponential increase in available data
e Increase in computer power and data storage capacity
e Advancement in machine learning methods to analyze large data sets

Machine learning and big data are believe to change how investments are
done as the ability to get new feeds and other data from the market ana-
lysts fast and to make trade from these analysis instantaneously which will
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increase revenues [79]. Other advantages are reduced operational cost, im-
proved user experiences for the customer and improved security [75]. This
have lead to many large financial institutions believing that machine learning
is one of the more important areas to invest in [75]. In a survey conducted
the by Bank of England, a majority of the respondents (companies in the
financial service industry in UK) that they are using machine learning and
that it has had huge benefits for their businesses [80]. The report concluded
that machine learning will only increase in the sector and follow up surveys
are needed to better understand how machine learning will change the sector
and how regulators can get an insight into how machine learning executes its
performance [80].

In Sweden, banks like Nordea, Swedbank and SEB are in progress with using
machine learning [81][82]. Nordea’s ambition is that machine learning will
effective and quickly analyze document from different central banks around
the world, which can be long and difficult to process if done by humans
[81]. This will help predict interest-change and will be available for Nordea’s
market customer [81]. SEB believes that machine learning can help them
increase the customer services, sales [82]. In 2017 they deployed a virtual
co-worker in order to increase availability [83]. Swedbank is using machine
learning to help their customer to plan their private economy better and to
shorten the time it takes to evaluate the credit rating for companies [84].

2.7.2 The medical sector

The second area where machine learning have started to get attention, and
has been used for some time, is the medical sector[63]. Some of the applica-
tions for the medical world are [14]

e Diagnosis

e Personalized treatment

Drug discovery

Clinical trial research

Radiology

Epidemic outbreak prediction
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In a paper by Greek researchers, they discuss the use of machine learning
to understand cancer progression and to model the treatment of cancerous
conditions. With new technology and and large amount of data for the re-
search community, machine learning can help with predicting different cancer
types and improve the accuracy of the cancer susceptibility and the survival
prediction. By including variables as family history, diet, weight, lifestyle
etc which is important, the algorithm increases its predicting for the risk of
cancer [63]. In an other article on nature, a group of American researchers
discuss how deep learning can be used for early detecting of breast cancer
[85]. Accordingly to the authors, the development of deep learning have lead
to an interest for it and the application it can have on medical imaging prob-
lems and their model that they built could achieve a sensitivity of 86,7%
and specificity of 96,1%. which is considerable [85]. The study showed that
training the model could have a high accuracy and will only be better as
more data is collected [85].

Beyond detecting cancer can machine learning be applied to treatment of
different sorts of diseases. In January 2020 did a group of British research use
machine learning to find an effective antibiotic [86]. By using machine learn-
ing, they manage to create an algorithm that have been processing through
2500 drugs and natural substance and how they affected the growth of E
coli. After the algorithm was familiar with the substances, it went through a
library of more than 6000 substance under investigating for treating human
diseases and were task with looking for a substance that was not similar to
existing antibiotics but still effective, doing so reduce the risk of the bacteria
having develop a resistance against the new substance. One of the authors
of the study, Jonathan Stokes said that this would not have been possible
if done by humans, as going through all compounds and testing would have
taken far too much time to be reasonable [86].

There are one big similarity for every industry that have enable them the

use of machine learning and that is data and in large quantities as data is
essential for training an algorithm [87].

26



Machine learning in the construction 2 THEORY

2.8 Machine learning in the design phase in the con-
struction sector

The design phase of the construction is the phase where the preparation
for the construction takes place. Calculations for the buildings structure
are made, planes and routines are drawn up, discussions with suppliers are
being done etc. Resources are required in the design process, but more
importantly, it is in the design stage where the resources are plan to be used
in the construction. The construction industry in general includes a high risk
for projects and a low return in profits [88]. This may change to a degree with
machine learning entering the construction sector [13]. Machine learning has
yet made its entrance into to the wider market in the construction industry
as it is still one of the most under-digitized industries but has great potential
for the industry [13]. Machine learning is however expected to increase its
market shares in the construction industry as demonstrated in figure 16.

Year

2017 - $ 312 million

2024 $ 3.16 billion

Figure 16: How the global market for Al is expected to grow from 2017 till
2024. Source: Global Al-In-Construction Market, 2019

There are a number of areas in which machine learning can be applied and
can in many ways be seen as one of the next technological frontiers for the
construction industry to explored [89]. Examples of arcas are [45]

e Risk mitigation: Using machine learning to identify potential quality
risks, making the project team more alert [90]. Doing this can reduce
costs and increase profit for the company [45]. The algorithm would
also be able to predict every sub-projects consequence if failure occur
to the project and give them a risk score, furthering helping the project
team [91].

e Project planning: Scanning the construction sites and feed the data
to a neural network would allow the algorithm to understand when and

27



Machine learning in the construction 2 THEORY

how the different sub-projects would execute and how to manage any
problems along the way [92]. This would quickly help the project team
to prevent problems of different natures before they even occur [90].
Besides that, the ability to use algorithms for repetitive tasks would be
more efficient than if performed by humans [92]. Therefore using algo-
rithms to monitor human productivity to provide guidance would help
to increase productivity [92]. Other possibilities could be algorithm
assisting with BIM to improve processes in the work, eliminating some
inefficiencies [93]

e Safety on the workplace: The construction industry has the most
casualties among industries in Sweden [94]. Reducing the accident fre-
quency for personal would make the construction sites a safer place
for people and reduce costs for society [95]. This can for example be
done by letting the algorithms look on data from previously projects
with data about where and when accidents happen and create a list of
probabilities of where and when accidents will happen. This is helping
the project team to identify these risk and to take actions against it.
The ability to identify risks will be even greater with real-time footage
on the sites, as visibility and transparency are important for the algo-
rithms, that is however done on the construction sites and not in the
project phase [96]

e More realistic costs for projects and prevent cost overruns:
Many larger project goes over budget and delays which can be pre-
vented with machine learning [90]. Utilizing machine learning can result
in more realistic time frames and cost analysis, giving a more accurate
picture of the project [90].

e Better and safer designs: Generative design is a process to find the
most optimized solution by using an evolutionary approach and as well
fulfilling the the parameters set up by the project team [3]. This is
done through a digital platform as building information modeling for
example or any other digital platform [3]. Through lots of iterations,
the algorithm will find a 3D model that gives engineering, architecture,
electrician, plumber etc access to plans, the sequence of activities and
time of execution [92].

The requirements for the used of machine learning in the construction indus-
try are the same as for the other cases, and one important thing besides the
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access to data is the ability to share data with other [91]. Creating a plat-
form for a integration between parties would allow construction companies
to analysis large amounts of different data on a common ground [91].

It is not secret that the construction industry has a lower productivity in-
crease compared to other industries, with around 1% vs 2.8% for the hole
economy [13]. It lags in innovation, projects often takes longer time than
predicted and many times goes over budget [97]. As the population and ur-
banization in Sweden increases, there is a need to stream line the industry to
become more efficient [97]. Streamlining the industry increase the financial
returns as well as preparing the industry to face future challenges [97][98].
Today the building sector in Sweden has a market share of around 11-12%
of the GDP on average [2]. For 2018, this was 11,3% and haven relatively
steady been rising from the record low level of 6,2% in 1997 [2]. Given the
industry’s size to the economy, it is important that the industry stream line
itself to make it more compatible [1]. Much of this improvement can be done
in the design phase. In an article written by Mckinsey& Company [1], the
authors discuss several options do execute this. One promising option is to
build up libraries of data from previously projects and to standardize the
design elements. Doing this improves the design process [1].

The construction industry have been slow to adopt new technologies and
that is one of the reason that productivity has not grown near as much as
the rest of the economy since WW2 [13]. It appears that it is a lot of room
for improvement in the construction industry and that machine learning can
help increase the productivity, innovated and introduce new techniques [89].
Globally, construction companies only invest around 1% of the their resources
into technology, significantly less than other industries, such as financial or
manufacturing [89]. A global survey executed by KPMG reveals that many
in the construction industry recognise the promise of utilizing new technol-
ogy to increase value for the company but few have a strategy to implement
these new technology [99].

There is also a different between age in the industry. Younger people and
especially millennials are finding it important that being updated with the
technology is important for the company [99]. This can be compared to the
older generation whom have not grown up with the internet and are not
equally custom to quickly have the availability to access information [99].
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Besides keeping graduates interested in the construction industry, it is of a
great importance to satisfy the customers and to be competitive.

2.8.1 Safety

Accidents is a problem that is plaguing the construction industry [100]. Even
with decades of experience and statistic to know how and where accidents
are happening, it is difficult to predicate them in the design phase as their
are too many variables. Humans has a limit to the amount of information
a person is able to process and handling hundreds of details, small issues
etc can be difficult under time pressure. Even a person with experience can
under stressful circumstances miss details. Machine learning on the other
hand has the possibility to assist the project team in predictions on safety
risks, done through processing data of previous projects and accidents [88].
Given the quantity of data generate, it is close to impossibly for humans to
process that amount of data as good as algorithms.

According to Arbetsmiljoverket, the Swedish ministry of work environment,
the construction industry has the most work accidents with fatal outcome
[100]. This creates a financial burden for both the companies and the society
as well as personal sorrow for friends and families [95]. The companies are
gathering data about all accidents to better prevent them from happening at
all, however machine learning has a much greater ability to understand the
data and to predict where the accidents might happen [100]. In a project
where machine learning will be tested, Malardalens hogskola, NCC Svergie
AB and Chalmers tekniska hogskola are hoping to create an algorithm that
will help NCC to reduce the numbers of accidents in the industry by looking
through data over previously accidents. This will also increase the production
(for the company) and value (for the customer) in the long term accordingly
to one of the participants [100].

Amongst companies working to utilize machine learning is Autodesk, which is
a company currently working on a project, project I1Q, where they are trying
algorithms in real projects to help project teams detected and mitigate risk
[88]. Project 1Q has access to millions of construction observations, building
information models, project outcome etc to learn from and the purpose is
to creates an engine to make predictive analyses [88]. With this, the risks
will be detected in an early stage and classified into actionable categories
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according to Autodesk [88].

2.8.2 Time

Many projects fails to keep up with the time frame that have been projected
in the design process [97]. This leads to economical loses and reduced trust
from the buyer, which is damaging the company’s reputation. The problem
is especially effecting the larger construction projects (skyscrapers, bridges,
tunnels etc), where a majority fails to kept the original time table and are
delayed [97]. As mention before regarding the proposal to build up a digital
library, the potential for training algorithms would be enormous [1]. However
it is not just designing element that machine learning will be able to do.
Machine learning would have the ability to improve the project planning and
optimize the the schedules with more realistic schedules [101]. Having more
reliable schedules will decrease the uncertainty for both the customer and
the company. Another important factor is to optimizing the supply chain,
which would help reduce the time needed for manufacturing and increase the
predictability [101].

2.8.3 Cost

A concern for the industry is the low margin of return for the companies [88].
Together with high risks, this can be seen as something that is hampering
the development of the sector [102]. Even though a number of unpredictable
events can occur, most of all actions can be planned in the design phase in
the early days of a project but the ability to influence cost decreases as the
projects moves forward. Figure 17 shows the connection between cost and
the ability to change cost.

Training the algorithm to understand inputs and outputs can help the project
team to understand cash flow through a project and decrease the risk of cost
overruns. This is important as many projects have cost overruns and/or de-
lays [88]. The project team would have the ability to optimizing routes for
transportation and improving traffic navigation, reducing the time for the
building material and equipment on the road [89]. In the end, reducing acci-
dents, optimizing the manufacturing process and working with more realistic
time frames will help projects to become more innovative and profitable.
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Figure 17: The corresponding lines between the ability to affect cost in a
project and the cost of the project.

2.8.4 Limitations

Despite the benefits of machine learning, it is important to remember that
machine learning is not a flawless technology without limitations and im-
plementing the technology will be challenging [103]. Their are a number of
things which should be known about machine learning that may limit its
success [103]

e Ethics: How will machine learning affect algorithms ethically and who
is to be blamed if the algorithms fail to achieve its task. Failure that
can mean both human and financial losses.

e Data: A algorithm is only as good as the data that it has been pro-
cessing. Lack of data will strongly hamper the progress of machine
learning and is currently one of the limiting factors for the use of ma-
chine learning.

e Interpretability: How to interpret and evaluate the output from an al-
gorithm can be challenging, but to achieve success it is important to
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for the result to be intelligible. This may be easier said than done but
in order to be able to be integrated into the business sector, focusing
on both the algorithm’s training behind to learn the it to be under-
stood by people is of upmost importance. As stated in “Business Data
Mining — a machine learning perspective”:

A business manager is more likely to accept the [machine
learning method] recommendations if the results are explained
in business terms

2.8.5 Implementing machine learning

The use of machine learning in the construction industry is still in its in-
fancy but starting from the beginning may not be necessary as their are a
few early-stage examples that can be tried [89]. These first test with machine
learning will likely be optimization of schedules or analytic process of pre-
viously project to see how margins can be increased [89]. As a report from
Mckinsey points out, machine learning is based on learning and needs a cer-
tain amount of data to start be of used, which many construction companies
are lacking [89].

However algorithms do not have to be created by construction companies
and only have to be used for designing structures. Algorithms can bought
as a product and be integrated into software, used as calculation tools by
constructions companies. It is therefore important to note that there is a
difference in how machine learning is implemented and to what extent.

2.9 Companies working to digitize the construction in-
dustry

2.9.1 Autodesk

Autodesk is an American company working with software services for archi-
tecture, engineering, construction etc. The company is incorporating new
emerging technologies such as 3D printing, artificial intelligence, generative
design and robotics. It was founded in 1982 and has its headquarters in San
Rafael in California.
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2.9.2 BIMobject

BIMobject is a company based in Malmo, Sweden, and they are working to
digitize products from the construction industry through a cloudbased plat-
form. Digitizing the construction industry will accordingly to them enable
lower costs, more precise design phases, more sustainable solutions and more
efficient property management.
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3 Method

3.1 Litterateur

As the interest in machine learning and Al has risen in the last years, so have
the number of written articles, books and documentaries about the subject.
In order to find information about machine learning, google, LTH’s library
and LTH’s search engines had to be used. Usual search key words were

e Machine learning

Machine learning applications

Machine learning in the construction industry

Machine learning algorithms

Machine learning in the industry

Digitizing

These were some of the more common used key words on both google and
LTH’s search engine to find information about machine learning. Further
more, a book about machine learning written by Peter Flach, describing and
explaining the math and science behind algorithms. Searches for other master
thesis about machine learning in the construction industry were unsuccessful.

3.2 Methodology

To understand how machine learning can be implemented and what chal-
lenges are laying ahead, this master thesis will include two sectors where ma-
chine learning already have been utilized. The two reference industries/areas
that have been chosen is the financial and medical sector. Showing how ma-
chine learning have been implemented into these sector on varies level can
help construction companies on how machine learning can improve certain
processes in the design phase in terms of time, safety and capital.

The method for this master thesis will be carried out in several steps

e Preparing the hypotheses that machine learning can be used to optimize
the design phase of a construction project
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e Conducting literature study about machine learning and how it can be
applied in the design stage of a project. The focus will be on this step
as machine learning in the construction sector is a new frontier that
has not really been explored on any depth

e An interview with a party in the financial sector

e An interview with a party in the medical sector

e An investigation with seven parties in the construction industry
e Analysing the data

e Drawing conclusions from the data

e Present the process and conclusions made of this master thesis

This process over a semester or 20 weeks.

3.3 Collection of data

The data needed will be collected through an investigation. The investiga-
tion with the parties in the financial and medical sector aim to understand
how machine learning has work so far and to understand how demanding it
was to set up the algorithms in the first place and acquire the competence
to do so. It was first decided to conduct a interview with both the medical
and financial sector but the outbreak of Covid 19 change those plans to a
virtual interview, where the questions were sent and they replied when they
had the time for it. The investigation with the companies in the construction
sector will have the purpose to investigate the attitude towards new technol-
ogy such as machine learning and if there are a desire for an acquisition of
this technology. The questions that will be answered are of similar types as
the ones for the banks and medical sector. The questions will be sent to
people, working with BIM or has a higher position in the companies, giving
the replies some legitimacy. All representative will be anonymous.

The two parties in the medical and financial sector had been selected af-
ter some investigation revealing their progress in utilizing machine learning.
There was not a lot of information about how far they had progressed, only
that they had implemented machine learning to some degree. Given the
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hardship with finding organizations working with machine learning and be
willingly to participate in a investigation of this types, they were chosen. Re-
garding the construction companies, they were somewhat randomly chosen,
as there were little to no information about machine learning connected to
them. Many of them have publish information about their work to inno-
vate the sector but it was unclear if machine learning was included into their
plans. NCC had be mention in an article regarding their cooperation with a
project about machine learning and safety [100]. The only criteria was that
they were some of the largest construction companies in Sweden.

The data (the replies from the parties) will be gathered together in their
respective field. The medical and the financial sector in their respective sec-
tion and the construction companies in another section. As the respondents
from the medical and financial sector are adding in their own comments and
thought, they idea is to get an overall picture of how their organizations have
benefited from using machine learning. If someone points out something of
value, it will be noted in the result. The data is to be analyzed, by looking
at what they wrote and discussed. The result will be present in a mix of the
questions together with the replies and floating in a text.

3.4 The reference industries

The questions are showed in Appendix but the heads lines are shown below.
The first questions are general in nature on machine learning and gives a
bit background on the person answering the questions. Knowing how much
effort the organizations put in utilizing machine learning will help predict
cost and time for a construction company to spent should the company be
interesting in acquire the technology.

General questions

If the acquirement was internal or external

Data and models

Here the purpose is to understand how the technology was acquired, what

kind of model was used, how is was implemented and why. This is because
it is not always clear what type of model that should be applied to what sit-
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uations and/or how it will performs. Therefore knowledge can be extracted
from previously experiences.

Implement of machine learning
Threats against machine learning

The last questions are on how well the model have functioned while operat-
ing. The ambitions are that these questions will give answers to how different
parties have implemented machine learning successfully into their organiza-
tions. Understanding how machine learning have been utilized will give this
master thesis guidance in how to help to implement machine learning in the
construction industry.

3.4.1 The medicine sector

For the medical sector has Vardgivare Skane be chosen and has implemented
machine learning in form of voice recognition. Vardgivare Skane or Caregi-
vare Scania is a organization responsible for the medical situation in region
Scania for both private and public use. They started with voice recognition
to make it simpler to write (or speak) journals. Since writing journals takes
a lot of time, the idea was to implement a system that could reduced the
time required for it. Other positive effects would be that the journal is digital
updated instantaneously, which lets the patient have access digitally to the
journal after a meeting and increases the patient security.

3.4.2 The financial sector

Two banks to be questioned for this master thesis, Nordea and Handels-
banken. Both those banks uses machine learning for a numerous activities,
including customer service and internal service. The questions were sent at
the same time as the questions for Vardgivare Skane. Both the banks are
using machine learning for external service. The public information for both
reveals that the ambitions are to increase customer service and satisfaction.
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3.5 The construction sector

Seven companies have been chosen to evaluated. Most of these company
have not public expressed a desire to acquire the technology but given the
resources and need, these companies are some of the more likely to look into
the acquisition of machine learning algorithms.

e Wastbygg
e Peab

Skanska

Serneke

o JM
e NCC
e BIMobject

These first sex companies are some of the largest construction companies in
Sweden and of that reason, the more likely to implement machine learning
into the core business as they have the resources required for it and most
to gain from it [104]. The seventh company, BIMobject has been included
because of its work to digitize the construction industry, but itself is not a
construction company. The questions for the construction company will be a
little different compared to the questions asked to the financial and medical
sector. The reason it here that to understand how the construction compa-
nies views around digitizing and machine learning. The head lines are shown
below.

General questions

If BIM is used

If BIM is not used

If machine learning is being used/tested

If machine learning is not being used/tested
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The near future

The questions have been divided into section where one section focus on
questions for those whom are using machine learning for those how are not.
The questions have been selected in a way to investigate to understand the
companies mindset, if they are interested in using machine learning, if they
have any ambitions to utilize it (in the near future) etc. A second section of
questions regarding BIM has been added as well as. The purpose is to cover
the possibilities and combinations of the use of BIM, machine learning or
non of them. This helps to understand if the company has any ambition of
digitizing its business, where in the process of going digital are the company
(if it is interested) and if the company has an interest or a long term goal to
integrated machine learning into the business core.

3.6 Validity and reliability

The credibility of any investigation builds on validity and reliability This
investigation can be seen as a survey on a much smaller scale with on a few
participants. This method has be chosen to be as reliable as possible but
it is its execution which will determine how reliable the conclusions will be.
How many replies which will be received do also affect the reliability of the
investigation. It is expected with some lapse in the replies as this happens
parallel to the current situation with the 2020-present Covid 19 pandemic and
the financial stresses it has put on the economy. With a total of maximum
of seven replies from all sectors and only three from the construction sector,
how valid should these replies then be seen? There are multiple factors which
affects the validity and reliability for the investigation.

e How the questions were formed: Forming wrong questions or focusing
on less important areas can lead to inaccurate data and in extent,
wrong conclusions. Therefore it is crucial to have a clear picture of the
situation together with a clear aim. From the aim can the questions be
derived.

e Commitment of the representative: How serious were the representative
when they replied to the investigation and what position did they held
in the organization they represented.
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e Representation: How representative is it for the replies to represent the
mindset of a broader portion of companies in the construction sector.
The replies comes from some of the largest construction corporation in
Sweden and have a lot of influence in the construction sector but that
does not mean an unique voice for the entire sector.

In the report, a numerous sources are used to gather information, such as
articles, research reports, literature, web-pages etc. It is therefore of upmost
importance to critically review all sources used, and the writers behind them.
To understand how they are relevant for the master thesis, if the information
is reasonable and if the information can be back up by other sources. When
the sources were chosen, it was regard to the year of published, articles more
than 10-15 years seen too old and not up to date. This was done because of
the intensity of change which is happening to the technology, as the progress
is rapid for any digital technology. This made it important to have new pub-
lished sources which are up to date and currently of interest. A lot of focus
was made to find multiple sources on information on the theory of machine
learning to increase the reliability. The technology has picked up a lot of
speed in the last years and there were much information available which help
to increase the reliability.

Some information were pick from corporations. As they have their own
agenda and not always may be reliable, the information were carefully in-
spected. However that did not appear to be a problem as several companies
were researching on the topic and their information were easily verified. In-
formation from articles could be more difficulty to verify, however scientific
articles in general are often peer-review which helps them to become more
reliable.

Besides to consider the factors about the investigation, so is it important
to consider the factors involved in the method used. There are pros and cons
with using a method of this type. Advantage with method are multiple

e [t can be done through email, meaning the questions can be sent a any
time and be replied when the respondents have time to answer properly
without an immediate time pressure

e [t can gather a lot of data without the risk of any loss of information
during the transition back from the respondents, which can happen
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during a conversation where a lot of information is shared

e [t is easy to create a form and takes little effort to change it should
their be a mistake or if the respondents are asking to clarify one or
more questions

The cons on the other hand are multiple as well with using this method

o [f the questions are focusing on wrong areas or missing questions on
a specific subject, can result in inaccurate data and in extent, wrong
conclusions

e The respondents can decide to skip some questions, which results in
missing data

e The questions may not be able to reflect the respondents possible an-
swer to previously or later questions

These factors as the previously mention affects For the medical and financial
sector, the replies will be even fewer than from the construction sector but
they will highlighted how machine learning can be used. With that said,
it is crucial to point out they replies reflected their experience which may
or may not reflect others struggle to implement machine learning with their
success. Since the investigation for the construction companies only received
replies from a maximum of five respondents, the reliability of any drawn
conclusions can be disputed but not dismissed. Chapter 2.8 talked about
how the construction industry in general are behind from a technological
perspective [13]. How the replies will correspond with the data presented
and if it will strengthen both the reliability of the investigation and the
validity of the conclusions are yet to be seen.

3.7 Method criticism

As with all thing, there are pros and cons with choosing a method to eval-
uate a number of questions. It was decided that a investigation would be
way to gather information, as the were numerous representatives who were
of interest for this paper. A investigation is a practical way to collect infor-
mation from numerous companies/other parties and gives the representative
the same prerequisites. It was considered to interview all parties but that
suggestion was eventual dismissed. The time required for such an operation

43



Machine learning in the construction 3 METHOD

was simple too much. A factor which may draw criticism is the formulation
of the questions. As the the investigation was divided into two forms, one
for the medical and financial sector and on for the construction sector, the
questions were not individual customized. This problem was somewhat di-
minished when the questions were formed in such a way that they cover all
aspects of the use of machine learning (for the medical and financial sector).
However with only two participants, the data gather from them will be lim-
ited. For the construction companies, the questions cover both the cases of
using/not using BIM and using/not using machine learning.

A negative aspect of a investigation is no physical contact occurs, preventing
a judgement of the representative. This however happen to become a posi-
tive aspect as the coronavirus Covid 19 started to spread around the global,
becoming a pandemic. This would have prohibit any physical interaction
with the representatives. Despite the cons with using investigation, it is still
considered to be the best option here as it allows to gather lots of information
from the participants given the circumstances and is on the same conditions
for everyone. The result can be presented on equally terms and with same
measures, from which conclusions easier can be drawn.
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4 Results

4.1 The medical sector

Vardgivare Skane was buying the algorithm for voice recognition from a
company and therefore has no knowledge in the creating and training of the
algorithm. However the consequences of implementing it was a success and
Vardgivare Skane have a lot to say about the new system.

1. Can you tell a little about your background and how you came to work
for this company /organization?

The respondent has a long history of working for Region Skane and
started as a medical Secretary.

2. Can you tell how long you have been working for the company /organization
and what you position is?

Almost 30 years and currently has the position as system adminis-
trator.

3. How long have the company been working with utilizing machine learn-
ing?

Vardgivare Skane has recently bought the algorithm from a supplier,
named Nuance.

Given the fact that the algorithm was bough makes further questions on the
list harder to answer. In the reply, the respondent points out the advantage
with machine learning is many. After implementing voice recognition, the
patient security has increased, the journal can be updated almost instantly,
giving the patient the ability to read the journal after the visit. Secretary
time is released from journal writing and dictates lines becomes shorter. The
algorithm has been of great use and Vardgivare Skane has as an organization
been pleased with the results so far.

4.2 The financial sector

Nordea able to respond to the questions, no response was given from Handels-
banken. However, given the position of the person (and the work /responsibility
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that comes with that) and the current Covid 19 outbreak, the person respon-
sible for the reply for Nordea was somewhat unavailable. Through conver-
sation however, some questions were able to be answered and some general
information retrieved.

1.

What have the advantage been with using machine learning?

What the bank is hoping for and working towards is to let the cus-
tomers or the end users be able to get answers from chatbots at any
time with one single point of contact, instead of multiple support chan-
nels as of today. The advantage will be better customer service.

. Was an estimation done before on the profitability of using machine

learning?

Estimations were done and showed that the bank would save resources
and increase customer satisfaction

How much time and money (roughly speaking) were require before the
algorithms could be used (put into service)?

Costs were taken centrally and not by units, and it took three months
before the algorithm could be launch with initial functionality for cus-
tomer.

. Are the infrastructure used for machine learning and competence an

internal or external service?

It was an external service and the bank did not program the algorithms

How hard was it to collect data (both finding the right data and in
enough amount)?

It varies depending on the data but overall, not too difficult. How-
ever it was time consuming to collect the data.

Have machine learning resulted in a more efficient process?

That is too early accordingly to the bank but the ambition is for the
algorithms to be so
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Even though lot of information is missing, a general picture of the benefits
of using machine learning could be understood. The bank is determined
to continue to work to improve the use of machine learning and believes it
will play a bigger role in the future. Nordea thinks a substitute to machine
learning does not exist and with so many applications for it, utilizing it to
continue to be competitive is necessary.

4.3 The construction sector

Three companies replied, Serneke (R1), JM (R2) and Peab (R3). The infor-
mation given by these representatives, shows that they recognise the promise
of digitization but only JM is looking to improve the design process with ma-
chine learning, though the process is still in it’s infancy. The representatives
from the companies had different roles within the three companies but all
work in one way or another with BIM, digitizing or had a higher position in
the company, giving them legitimacy.

1. What is the company’s view around digitization?

All representatives responded that digitizing is important to the com-
pany, although it varies between companies and within a company on
how the work to digitize proceeds.

2. Is the company working to become more digital?
All representatives said their respective company is working towards

to becoming digitized. However, the work is not always consistence
accordingly to the representatives.

3. Do you know about machine learning?

R2 and R3 respondents that they were familiar with machine learn-
ing

If BIM is used

4. How long has BIM been used and how has it work so far?
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All representatives had used BIM for some time now and it has help to
improve the business for all.

5. Has the use of BIM optimized the business core more efficient?

They all believed BIM had help to optimize the business core and that
BIM will be a part of the future for them, though R3 points out that
optimize is a strong formulation.

6. Is BIM used to collect data from previously projects to improve the
process and routines?

Yes accordingly to the representatives, although in varies degrees.

7. Is the company collaboration with other to build up a digital library of
projects and elements?

The answers were divided here, R2 and R3 did try to build up a li-
brary, R3 with another company, named BIMobject. The respondent
for R1 was not informed if such efforts were taking place.

If machine learning is being used/tested

8. Has it been hard to collect data to use for training?

R2 one has started to look into machine learning and it was still to
early to say anything. The company was trying to build up its own
library which would help them to collect data, mitigating somewhat
the struggle to find sufficient data.

If machine learning is not being used/tested

9. Does the company have ambitions to utilize machine learning in the
near future?

R2 said that they have ambitions to utilize machine learning since

they believe machine learning will increase productivity, flexibility and
help the company to be competitive on the market. R3 said they have
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10.

11.

12.

13.

14.

machine learning in the software they have bought. They believe that
machine learning will come naturally as things start to digitize, how-
ever it was currently not plans to incorporate machine learning. R1
had no information regarding to incorporate machine learning.

Is machine learning too costly to utilized?

No accordingly to the representative who is working with it. It costs
but they expect a return in profit when the algorithms will be commis-
sioned. The other two did not know.

Is it difficult to acquire the technique and data for machine learning?

R2 which is working with machine learning already collects data for
it and is will continue to collecting. It is however time consuming to
find the right data. The other two did not know.

What is the main obstacles that is preventing the company from uti-
lizing machine learning?

Data and knowledge accordingly to R2. The answer continues with
saying for the construction sector, it is unawareness about the technol-
ogy or the over believes for the technology and then, the disappoint-
ment when it is not working properly. R3 was focus more on digitizing
than machine learning and currently did not working towards utilizing
machine learning. R1 company did not know.

The future

Do you believe that the construction industry will become more digi-
tized in the near future?

All representatives agreed that digitizing the business will happen to
both their company and with time, the industry. Given the impor-
tance, the demands from more clients and the competitive edge, it will
be hard for those how do not incorporate this.

Do you believe that machine learning will play a bigger roll in the de-
sign phase in the construction industry in the near future in order to
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be competitive?

R2 and R3 firmly believed machine learning is the future and incor-
porating it will give a strategic edge over the competitors in the con-
struction sector. However both points out that it depends on how
long in the future and the expectations on what machine learning can
deliver. R1 did not have a opinion on this.

51



Machine learning in the construction 4 RESULTS

52



Machine learning in the construction 5 ANALYSIS AND DISCUSSION

5 Analysis and Discussion

5.1 General discussion

The construction industry has to a very little extend been digitized and is
a factor which complicates productivity increase for the construction indus-
try, compared to the rest of the economy. Machine learning may not be
the solution to all problems the construction industry will face in the next
few decades but it have the ability to help on multiple level on the design
phase (as well in the production, though the production phase is an areas
which has not been investigated or analysed in this paper). Machine learning
has the potential to help companies to increase productivity, become more
sustainability by reducing waste and increased safety, if they can acquire
enough data for it [13]. Data may be in short supplies today but will grow
with time in today’s society, which is only becoming more digitized, and dig-
itized means more stored data [13]. The construction sector has been behind
compared to other sectors here but as many in the construction industry re-
alize the promise and benefits in becoming more digital, the use will increase.

All replies recognise the fact that the future will become more digital for the
construction industry and platforms like BIM are likely to increase in use as
well as in complexity. The investigation showed that many are aware of the
benefits of digitize its processes and collecting data for future use. However it
also enlighten that the awareness of the concept of machine learning was low
to medium, more about that in chapter 6.2. As the global survey executed
by KPMG revealed, that many in the construction industry recognise the
promise of utilizing new technology but few have a strategy to implement
shows that many are not ready be on the forefront [99]. This is unfortunate
as it does not appears to exist a strong will to innovate the industry. The
replies from the survey did also reveal the same mindset. It can be speculated
that the people in change are in not millennials and therefore have not been
custom with digitization. After all, the internet is a relative new technology
in the society and its abilities are not known to the older generation, the
generation that now is in position of running the companies.

So does this mean that machine learning will be absents in the construc-

tion industry for the next 10-20 years? The answer is with a high certainty
no. Despite the low awareness about machine learning, it seems that as the
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technology matures and the world becomes more digitized, more companies
will find benefits with the way machine learning can be used to handle large
quantities of data set. Companies that fails to adapted new technology will
likely not be able to compete with other in the long run as technology is
an important part of being innovative and to increase productivity for a
company [105]. The information received from the reference sectors, the fi-
nancial and medical sector gave an insight into how the process went (though
incomplete). However to what extent machine learning will be used is highly
uncertain and open for debate. As one company in the survey noted that
they are already using algorithms but has no ambitions today to fully in-
corporate it into every section of their business. So even though machine
learning will be use to train algorithms in a company, it will perhaps not
emboss each section of it.

The answers from the medical and financial contributes shows the strug-
gle as well as the benefits of machine learning. Though the the were a lot of
information missing, preventing from building up a full picture of the pro-
cess, it was clear what their position were regarding towards the utilizing
of machine learning. Accordingly to them, machine learning is a technol-
ogy which is expected to have a profound impact in the way data is being
processed. For an organization or business being capable of using data to
improve will always have an edge amongst competitors. Understanding and
using data will help corporations become more profitable and competitive.
With time it will likely be hard to compete without such an edge. It is worth
noting that not every organization will use machine learning for profit. For
an organization as Vardgivare Skane, the purpose is not to generate profit,
but to help as many patient as possible with the tools at hand.

What is interesting with Nordea and Vardgivare Skane is non of the par-
ties created the algorithms themselves, instead it was an external service. In
Nordea’s case, they trained the algorithms internally, much thanks to their
supply of data available. This results in lost information regarding the creat-
ing and training of the algorithms them self, which was unfortunately. What
type of algorithm, which learning model were used etc are all unknown vari-
ables. However given the nature of the assignments for both the medical and
financial sector, it seems probably that in both cases reinforcement machine
learning have been used. The fact that neither party had written their own
codes put an interesting perspective on the complexity with writing codes
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for an algorithm. To write codes for an algorithm can be something the
construction companies may not have the necessary knowledge to do. If con-
struction companies should writes their own codes or use an external service
will depend on multiple factors, which will not be discussed here (given the
magnitude of information, assumptions and situation awareness for every
company required). One of the construction companies did only use ma-
chine learning which was include in the software but as with the case with
the other parties, it was an external service and the company did not reveal
information about its software.

5.2 Knowledge about machine learning

The construction sector has a high level of awareness of the benefits with
going digital but are still lagging behind compared to other industries when
it comes to implementing [106]. Most of the construction companies showed
in the survey that they had little to medium knowledge about machine learn-
ing and how it can be used to increase productivity. This should not be too
much of a shocking discovery as machine learning is still a relatively new
technology on the market [31]. This is likely to change with time as machine
learning is integrated into different sectors in the economy at a higher rate
and the benefits are starting to becomes well known for the society as a whole.

Given how few companies this master thesis included in the survey, they
can not be representative for the entire sector. However it is not unreason-
able to think that machine learning is absents in the construction sector as
the sector is slower to acquire new technologies. Another thing to point out
is that some of the representative who replied in the survey for the construc-
tion companies were not the decisions-makers and therefore may not know
the course which the board have decided for their respective companies to
take for the next few years.

5.3 Data

The lack of data is something that will hamper the progress of machine learn-
ing and the companies will need to start to collect data on digital platforms
before they can start to use machine learning algorithms. All the larger com-
panies in the survey do however use CAD or BIM to increase the efficiency
for their projects, and so many are already in the process of collecting digital
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data. This data can later be combined with other data sets if the platform
can be integrated with other platforms [107]. Many companies besides the
large ones may not sufficient data to utilize machine learning which makes it
hard to implement the technology [108]. It it therefore not unreasonable to
think that a or several common digital platform(s) would help companies to
collect data and help each other. One problem appears before that, multiple
platforms that are not integrated or cannot be integrated [108]. BIM is the
only platform to be discussed in this master thesis but there are numerous
options. Trying to integrate them can be a bit tricky as every platform have
its own codes and language.

The willingness to share data is another factor to consider. Many of the
companies are competitors on the same market and may therefore not want
to integrated their platform and share data with others. As data rise in
value, it is not unlikely that it will be seen by many as an asset, which leads
to the question on how companies will manage it [24]. Sharing it for free
with competitors is probably not likely, but cooperation can occur. This was
pointed out by one of the companies in the survey.

5.4 The future for machine learning in the construc-
tion sector

Machine learning is likely only to increase in use for organizations, compa-
nies, institutions etc in other sectors and become more advance as time goes
on [109]. Today can algorithms use computer vision to recognize and ana-
lyze pictures much better and faster than humans [110]. Machine learning is
already today being used in many aspects of a persons life, e-mail filtering,
recommending on streaming sites, searches on the web etc. In the financial
sector is the use of machine learning started to become widely adopted and is
only likely to grow as the technology becomes better [111]. Given its abilities
to handle and process data, machine learning will have a edge over humans
and continue to further increase productivity for companies and organiza-
tions whom manage to incorporate the technology, all around the world [112].

One only have to look at BIM and how it has developed over time [113].

BIM has become widely used in the construction industry and with such
benefits as it has provided to the sector [42]. It appears therefore not com-
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pletely unreasonable to think that machine learning will have a future in
both the society and in the industrial sector. It will be an increasingly im-
portant tool for companies as more data becomes available [111]. That leads
to the realization that machine learning will sooner or later be adapted by
the construction industry and integrated into its activities as it becomes
more available on the market. The question is how long it will take before
it is widely adopted. To put a time frame on when that will happen is very
difficult as their are many factor to consider. The construction industry is
neither a single entity, nor starts at the same technological level and com-
panies will most likely start at different time to acquire the technology, not
simultaneously. However when the technology is incorporated into a com-
pany’s business on wider and more advance front, the company will have a
competitive edge over other and put pressure on more construction compa-
nies to become innovative [92]. This will likely include the acquisition of the
machine learning to keep up [92].

This raises another question, why the construction industry is so slow with
adapting new technology. That question is however out of the scope of this
master thesis but that question needs to be addressed in order to know how
and when companies in Sweden will start to become more innovative. Inno-
vative means more competitive on the market and higher profit margins for
a company. To acquire the technique for machine learning is one important
way to become more competitive [92].
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6 Conclusions

This master thesis tried to understand what were required in order to make
the design phase in the construction industry more efficient by using machine
learning. Throughout the process of gathering data and analyzing the infor-
mation at hand, conclusions can be made. Machine learning has an efficient
way to handle large quantities of data compared to any means before. It has
an enormous potential to increase productivity and value to the construction
sector, at least on a theoretical level. The construction companies in Sweden
(as well as global) are slower to adapt to new technology and have a lower
productivity increase compared to the rest of the economy. Here machine
learning can be a solution but despite the advantage with machine learning,
many companies do not have the interest to acquire this technology yet, or
are unaware of the technology. Many are however focusing on digitizing their
core business, or at least have ambitions to do so. Companies will with time
start to become more digital and will with that have the ability to gather
large quantities of data that can be needed for machine learning.

As mention in chapter 2.7.1, three factors have made the progress of ma-
chine learning possible, exponential increase in available data, increase in
computer power and data storage capacity and advancement in machine
learning methods to analyze large data set. When these factors starts to
affect the construction sector and lay the foundation for the utilization of
the technology, construction companies will likely integrate machine learning
on a large scale into their businesses (to what extent it will be integrated
and used depends on the people in charge), as times goes on and as more
younger people enter the sector. The pressure from them to acquire modern
technology will increase with time. It is difficult to put a time frame to when
construction companies will start to initiate projects for utilizing machine
learning, as there are a lot of factors and considerations for each and every
construction company. However companies will probably start to look into
the technology in the next decades or so, and this is a process that likely will
proceed over several decades as more younger (millennials) are entering the
market and as the technology becomes more widely available.
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6.1 Further research

This master thesis had a narrow scope and with only 20 weeks, not much time
to evaluate all factors. For future studies, including more companies and to
go deeper down on why the companies in the construction industry are more
slow to adapt new technique and technology would be interesting. Given that
many of the people working in the construction sector are engineers, shows
how surprising it is for the sector to so slowly innovate. This would be useful
as knowing what is stopping the construction companies from utilizing new
technology would help the industry to act against it and therefore become
more innovative. How machine learning can be applied in the production is
an another area which would be captivating to learn about. it is after all just
so much that can be planed in the design process, and thing might go differ-
ently in the production than planed. Understanding how machine learning
can be utilized to handle these deviations, accidents, delays etc would be of
great use.

This master thesis did only focus on one digital platform (BIM) but as their
are many different digital platforms out their on the market, looking into
other platforms and how they can be integrated would also be important. As
mention before, the inability to integrate different platforms may be one of
the reasons for not be able to collect large data set and in extension, prevent-
ing machine learning to be utilized. Looking at how to integrated platforms
together would therefore be of interest. Besides bringing data into a com-
mon platform, including more focus on data, and how more can be generate
for use would also give some insight into how the construction industry can
become more digitized. Other questions are how would the companies know
what type of data is needed and when to use it. Evaluate what type of algo-
rithms and learning models should be used for different situation. Finally a
master thesis on how machine learning more concretely will be implemented,
how a company best should collect and share data, how the algorithms are
created and trained. How the evaluation is executed etc. Overall are their
a lot of studies to look at, as this subject is a relative new research area for
the construction industry.
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7

7.1

10.
11.

Appendix

Questions regarding the acquisition and use of ma-
chine learning

. Can you tell a little about your background and how you came to work

for this company /organization?

. Can you tell how long you have been working for the company /organization

and what you position is?

How long have the company been working with utilizing machine learn-
ing?

How much time and money (roughly speaking) were require before the
algorithms could be used (put into service)?

. What type of infrastructure for using machine learning were required

and how was it required?

. Were the personal working with machine learning an internal or exter-

nal service?

If internal

How was the computer engineers for this venture acquired?

If external

How did the coordination between the company and the external party
work regarding the collecting of data for the training?

Data and models

How hard was it to collect data (both finding the right data and in
enough amount)?

What type of model was selected and why?

How did you evaluate the performance of the model?

76



Machine learning in the construction 7 APPENDIX

12. How did the model perform when deployed?

Implement of machine learning
13. Opportunities for machine learning

e Have machine learning result in reducing cost for the company /organization?

e Has machine learning resulted in a more efficient process?
14. Threats against machine learning

e Was it difficult to acquire the technology for machine learning?

e Has the technique matured enough for machine learning to be uti-
lized in a meaningful way when the company/organization decide
to work it?

e Does the algorithm(s) often needs to be updated in order to be
optimized?

e What was the main obstacles that hampered the progress of uti-
lizing machine learning?

15. Was an estimation done before on the profitability of using machine
learning?

16. Has it been economical sustainable?
17. Is it likely that machine learning will play a bigger role in the organi-

zation in the future, given its performance?

7.2 Questions for construction companies regarding ma-
chine learning and BIM

1. Can you tell a little about your background and how you came to work
for this company /organization?

2. Can you tell how long you have been working for the company /organization
and what you position is?

3. What is the company’s view around digitization?

4. Is the company working to become more digital?
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D.

10.
11.

12.

13.

14.

15.
16.

17.
18.
19.

20.

Do you know about machine learning?

If BIM is used
How long has BIM been used and how has it work so far?
Has the use of BIM optimized the business core more efficient?

Is BIM used to collect data from previously projects to improve the
process and routines?

Is the company collaboration with other to build up a digital library of
projects and elements?

If BIM is not used
Does the company consider to use BIM?

Is the company working to digitized its business?

If machine learning is being used/tested
Has it been hard to collect data to use for training?

Has machine learning resulted in a more efficient process in the design
phase?

Was an estimation done before on the profitability of using machine
learning?

Has it been economical sustainable?

Is it likely that machine learning will play a bigger role in the organi-
zation in the future, given its performance?

Threats against machine learning
Was it difficult to acquire the technology for machine learning?

Had the technique matured enough for machine learning to be utilized
in a meaningful way when the company decided to use it?

Does the algorithm often needs to be updated in order to be optimized?

78



Machine learning in the construction 7 APPENDIX

21.

22.

23.
24.

25.

26.

27.

What was the main obstacles that hampered the progress of utilizing
machine learning?

If machine learning is not being used/tested

Does the company have ambitions to utilize machine learning in the
near future?

Is machine learning too costly to utilized?
Is it difficult to acquire the technique and data for machine learning?

What is the main obstacles that is preventing the company from uti-
lizing machine learning?

The near future

Do you believe that the construction industry will become more digi-
tized in the near future?

Do you believe that machine learning will play a bigger roll in the
design phase in the construction industry in the near future in order to
be competitive?
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