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We will cover:

Introduction to Data and Analytics
Competences for ‘Civil Engineer 4.0’

Universities, Data Science and Programming



What can universities do to prepare
undergraduates for
civil engineering of the future ?



But isn’t there is a Bigger Question to be Asked ?

What can society do to prepare
humans for the future?



Civil Engineering in an Era of Big Data

1 trillion

connected objacts and devices on
the planat generating data by 2045

TITE T e s L LR R R LU LR ] e
AN EEFERR i ldddAdiiliiiFidsaNNNNEEEREEee
[T L L R R OO B O ey [ T[] RO RN ERER RO TS
rr ey LT IR ER Ry ok b ok kA
[ A R | | LA L L FFFFras sy R R ] |1 [ ] ]
SESERRR NN T EE R L L L ik b i EanERa R EEEE
[T XY ] ‘TEEEY | AR HENE: & & 6 6 s dddBBBRRERE
AL dkddddid kA AAAREEEFE NP NI E NN NN &
[ TR 00 | EREER Ry sy LYl ) ||| EREEY ]

|
i
-

#see meanall = WBEE 0 8 SsaE a8 [
@ BEAESN B SEASE = & EER - O EE &8 &

= Ee =se sessepsssessse SEEsEsEsEGEEE & 2R

i smes ses sas sseselle = scsssEEw Hew

(L LR LR L . -
s m LR |
BEEAE L L L)
L2 Ew LA Y
LR B " EE #
% Haiw F
(X R R]Y | R o
- FREFEEE T ERE R RO EEE @ el
(XX XY | [ K s ele EECESSSsEEREE
[ SEEEERREBEE D EE [ ETERR AN T |
® ®s EEmdoosscscmEclleolen [ EEET RN [ XX
Heasm = [ ] LT B | smnme Sesall
SEEE BEE sgasaseell HEessoaassns (1]
- | B F ey e L F T A L R R L PR LY Ly
HEFESSS LSS F NI SIS EEEEER BES
@ SBEBLOIESE - P TITIIT] w0
ik AN L LN B IEEESEOBRIORREE
HEd dddidiidddddidiiamaiind EREaaE
B EBEEEFEOEEOE @i EieaceEEaERel w
(L LR RN B FEEEEEARERROEE R W maw
(SRR ) | LN (PR REEREY E1 PR NERNERE DL BT Y
SEEEBELE SFOBEEE I BEEBEEE @ & @ 0@ (]|
Bid Bisagsss@illan SsssssslasaEnEiEEE
smanmasnlranleosill & Ls@BEEBEAWEEEHLE W & -
& RN sn ssdiEs SEEEAEE & EEEN EERER
aslls sss sEsss - 5 5 BE8 -8 L
L el & s s solle asaill & =a -
WEE SR e SR EEES L LR | |
®E EEERED AL R L] | L]
% EEERED L] L] L ] L]
L RN | LN (AL E L ERED EL [0 R RN )
L B [ | #alk @ L] & & L] -

2.5 billion

gigabytes of data generated every day

. BO%

of tha worlds data is unstructurad. Audio.
Video, Sensor data. Social media. All reprassent
new anrsas to mina for insights.

Ref IBM Annual Report



Big Data: Fueling the Engineering Enterprise

Volume

Data at Rest

The characteristics of big data: the 4V’s

Data in Many
Forms

Data in Motion

Veracity

&

-

Data in Doubt

Ref IBM



We are in the Fourth Age of Analytics

:4\>m

Prescriptive

Analytics create
Actionable Insights

Predictive

Descriptive




By 2020...

‘50% of all businesses will be making
decisions using artificial intelligence
and prediction’

Gartner Analysts



Al — Science Fact or Science Fiction?

Ref: *Muller, Vincent C and Bostrom, Nick (2016).
‘Future Progress in artificial intelligence: A survey of
Expert Opinion’. Synthesis Library; Berlin;
Springer).553-571

Within 10 Years according to 500
eminent scientists

 We will create machine

simulation of human thought,
say 11%

* Machines will be able to learn
like humans, say 5%

This is within the ‘career lifespan’
of your undergraduates
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What do we mean by ‘Civil Engineer 4.0’ ?

Stephenson

: The Era of s
Steam

The Era of George Wimpey

3,

Hydrocarbons s

Fluor

‘Civil Engineer 4.0’

John Simon Huor S Th e E ra Of
R _ Electricity
. A R (W

i The Era of
‘ Data

the worldwide construction
giant known as Huor
Corporation

Fluor Corporation built the
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Civil Engineering : An Industry in Transformation?

* Poor digital infrastructure
* No authority to change

* Lack of training

* Security concerns

* Economic climate

* Ageing workforce
 Company buying cycles

Ref ‘Technology Consumption: are Engineers Ready to Make
the Leap and Reap the Rewards?’ New Civil Engineer and
Bentley Systems 12



Construction of the Future

Procurement
Contracts
Payments
Governance

Sustainability
Planning
Property and
Asset
Development

Regulation
Legislation
Health and
Safety

Augmented
reality

Digitalised
employee i
management /s

Drones and
remote
imagery

Smart
Construction

Research

Design

Product development
Innovation

Talent management

Construction
management
Roles and services
Cost Planning
Profit optimisation

Technology

Data Collection
BIM

Analytical Insight
Predictability
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xample: What is ‘Smart Construction’ ?

B & K KOMATSU:KomatsuEn X 4+ - X
I
< = O @ komatsu.com, 0 5% ¥= 72 & -

KOMATSU

Komatsu Embarks on SMARTCONSTRUCTION: ICT solutions to construction job sites

Komatsu Ltd. (President and CEO) (hereinafter "Komatsu™) embarks on 2015101120
SMARTCONSTRUCTION, designed to innovate construction job sites, on February 1, EOMATS) Corereis
2015. =

TEL: 03(5561)2618

nd is going to start a
to realize "job sites

productivity job-site operation by connecting all information on job site§ through ICT
(information and communication technology), but also apply its accumu|ated data to
the maintenance work of an aging social infrastructure and reconstruction of natural
disaster-destroyed regions. Komatsu has established the Smart Construgtion
Promotion Division, and is going to offer this new solution business through Komatsu
Rental Ltd. initizlly in Japan, where aging of the population is progressing quickly.

Service contents and supporting technologies of SMARTCONTRUCTIO

When we input all information related to the following six steps into KomConngct, our
new cloud platiorm, which will make the information "visible", ICT will arganical

0b sites of the future”.

‘Job sites of the future’ ‘Intelligent machine control’
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Four Key Building Blocks of Industry Transformation
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The Need for ‘Vision’

‘The art of directing the great sources
of power in nature
for the use and convenience of man’

Institution of Civil Engineers Charter



‘The art of directing the great sources
of power in data
for the use and convenience of man’



‘Civil Engineer 4.0’ will Require New Capabilities

Engineering
Practice and
Principles

Working with
Advanced
Technologies

Machine
Learning

4.0’ Traditional
Learning

Science

Substantive
Experience



‘Civil Engineer 4.0’ needs New Attributes

Is Currently Will Also Need to Be

Use of general and specific Increased knowledge of

knowledge to apply data-driven techniques in
techniques construction

Apply theoretical and Ability to apply specific
practical methods of data driven solutions
construction including robotics
Demonstrate technical Ability to co-work with
and organisational skills advanced systems
Demonstrate a personal Industry ambassador,
commitment to ethical champion and
professional standards effective communicator

19

Example



How Can Universities Respond?

Accreditation &
Employer Needs

Ranking
system

Competition
Between
Universities
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Multi-Faceted Knowledge Management for a New Era

e 3-D virtual learning
* Video tuition

* Gaming

* Face to face training
 Self-paced learning
* Webinars

* eLearning

 Social learning

* Mentoring

Practical
Experience

The future of education will comprise a high degree of personalization and customization




The Challenge of Programming

Is it easier for a data scientist to become a civil
engineer; or a civil engineer to become a data
scientist?

Or is there potential for some
sort of hybrid profession?



Data Scientist Skillsets

‘A person employed to analyse and interpret complex digital data
especially in order to assist a business in its decision-making’

Data Scientist Profile

Data Machine
Visualisation Learning

Stats Computer Comms Domain
Science Expertise

Ref: Schutt &0’Neil, 2013



The Hierarchy of Data Science

Data Science and Analytics Sample occupation
Framework category

Data scientist

Data analyst

Data system developer

Analytic manager

Functional analyst

Data driven decision maker

Creates sophisticated data models
and derives new insights

Uses modelling techniques to solve
business problems

Builds and organisations data
structure

Oversee analytical data operators
and communicates findings to
execs

Uses data to inform specific
decisions

Uses data to inform strategic and
operational decisions

Economist

Business Intelligence Analysts

Systems analyst or administrators

Chief analytics officer

Financial analyst

Project manager, engineer

Ref: Data Science and Analfics Framework
After Miller and Hughes 2017



Civil Engineers and Data Scientists : Salary Discrepancy

Data Science and Analytics Framework |Average salary (USS)

Data driven decision maker S 80,265
Functional analyst S 91, 467
Data system development S 69,162
Data Analyst S 78,533
Data scientist & advanced analytics $ 94,576
Analytics managers S 105,909

The average pay for a US Civil Engineer is $63,457 per year.
The average pay for a UK Civil Engineer is £30,558 ($39,000) per year.

Ref: After Miller and Hughes 2017 25
https://www.payscale.com/research/UK/Job=Civil_Engineer/Salary



‘None of the civil engineers |
know code or are even
inclined to code!

‘Their knowledge of statistics
is very 101 and they have zero
knowledge on how to conduct
a data science or machine
learning project.’

Do we need to rethink how
technology is taught on
Civil Engineering courses?

26

Ref: https://www.quora.com/Can-civil-engineer-work-as-a-data-scientist



What will the Future of Civil Engineering Look Like ?

* Civil engineering as a profession or industry
doesn’t exist in isolation

* ‘Civil Engineer 4.0’ requires courses to reflect the
new marketplace

* ‘Brain Drain’ for the Civil Engineering industry, or
‘Brain Gain’?

e Will engineering courses need to be ‘Re-
Engineered’?



What will the Future of Civil Engineering Lecturing Be ?




tboobier@aol.com
@tboobier



mailto:tboobier@aol.com

