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Digital Transformation
Overcoming Cultural and Behavioural Barriers

Executive summary
Digital Transformation is a huge opportunity for
an engineering and construction industry that
has struggled for decades with low productivity
and low profitability. Fully embedding digital
tools into business as usual offers a way out
of this trap, unlocking new, profitable business
models based on greater collaboration and a
deep, data-driven insight into how to deliver
value to its clients.
However, our survey suggests that progress
remains slow. Many companies are struggling
to make the most of existing products and few
are on top of the possibilities being created by
emerging technologies.

The good news is that this does not seem to be
a result of any ingrained resistance to change.
A large majority of our respondents believe
that they and their organisations are more than
willing to embrace innovation.
The problem seems to be a lack of
clear, concerted and resourced plans for
implementing digital transformation, led by
people who understand both the technology
and the industry. But the strongest message
from the survey is that all of this effort will be
wasted if more effort does not go into training
and competency development.
We hope this paper can start a conversation.

2

Additional information

Suggestion

One survey cannot provide all the answers, but it
does allow us to pose some questions:
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•

Should businesses take a much stronger lead
on training and competency development?

•

Have enough businesses thought hard enough
about the kind of people and roles they need to
provide digital leadership?

•

Can the industry and its clients unite around
the kind of business models that will allow
everyone to reap the benefits of digital
transformation?

•

Can we establish the industry standards that
will lead to more data sharing, collaboration
and a bigger market for digital products and
services?

•

We hope you’ll join us in taking forward this
vital debate.

Markup

About
Trusted by over 1.6 million individuals in more than
130 countries, Bluebeam’s smart, intuitive annotation
and collaboration solutions advance the way technical
professionals work, manage and collaborate on
projects digitally. Founded in Pasadena, CA, Bluebeam
has grown to include additional offices in the United
States, as well as offices in the United Kingdom,
Australia, Germany, Denmark and Sweden. Bluebeam
is part of the Nemetschek Group.

The Institution of Civil Engineers (ICE) is a registered
charity and professional body, supporting development
of 95,000 civil engineers and technicians worldwide.
ICE exists to share knowledge and best practice,
ensuring that engineers learn throughout their careers,
while also fostering debate and driving action on the
critical issues facing the infrastructure sector.
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The survey
In September 2019, the Institution of Civil Engineers and Bluebeam carried out an online survey into barriers to digital transformation. We received
161 responses from a wide cross-section of the engineering industry:

75% UK

11% Asia

Career
level

30% Senior manager
34% Engineer
11% Project manager
4% Technician
4% Graduate

75% of responses came from the UK and 11% from Asia with smaller
numbers from other regions.

Experience

38% <21 years
33% 10 - 20 years
29% >10 years

Digital tool usage tasks:

74% Design review / Project management
49% Drawing management / Document control
43% CAD / BIM

Respondents reported that they use digital tools for a range of tasks. 74%
identified design review and project management as part of their current roles,
49% drawing management and document control and 43% CAD and BIM.
Smaller numbers were recorded for snagging, takeoffs and site logistics.
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Company
Size

72% 500 + staff
28% SMEs

Findings
Slow adoption of technology and digital process is holding back improvements
to productivity
Figure 1

To what extent do you agree with the following statements regarding the engineering / construction industry?
The industry is not as
productive as it could be

46%

37%

45%

33%
The industry has been
too slow to adopt
technology

18%

12%

14%

16%

38%

4%

8%

23%

1%

1%

1%

The industry is reluctant
to work collaboratively
The industry is not
moving quickly enough
into digital processes

Strongly
agree

35%

Slightly
agree

19%

35%

Neither agree
nor disagree

Slightly
disagree

7%

2%

Strongly
disagree

The industry is not as productive as it could be, is not
moving quickly enough into digital process and has been
too slow to adopt technology.
Respondents were clear that digital transformation in the
Engineering and Construction (E&C) industry should be
accelerated. 78% agree that the industry has been too
slow to adopt technology and 72% that it is not moving
quickly enough into digital processes (Fig. 1). As a result,
the industry is missing out on opportunities to improve
its productivity.
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This impacts an industry struggling with low margins
The slow pace of digital
transformation and subsequent slow
growth in productivity is creating
challenges for E&C firms already
struggling to make sustainable
profits.
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A recent study by the Association
for Consultancy and Engineering
(ACE) found that UK contractors
typically need to undertake £1million
of work to make £30K profit, while
consultants will realise £6K of profit
for every £100K undertaken.1

Association for
Consultancy
and Engineering
(2019) Future of
Consultancy – Value
Based Business
Models

Figure 2
What are the biggest risks you face due to lack or limited adoption of digital technology?

57%

54%

46%

45%

33%

31%

22%

9%

Missed
deadlines due
to mistakes /
rework

Delays
of key
milestones

Exceeding
project
budgets

Losing money /
impact to your
bottom line

Damaged
reputation

Damaging the
relationship
with your
client

Losing the
project
completely

Litigation

Excludes “Others“

Missed deadlines and key milestones are the biggest risks due to lack of
adoption of digital technology.
The survey shows that these slim
profits are in danger of being eroded
by missed milestones and exceeded
project budgets (Fig. 2). 45% of
respondents said this was having a
direct impact on the bottom line.

In this tough environment, firms
need to hang on to their best staff.
We found evidence that poor use
of digital technology could be a
barrier to retention (Fig. 3). Over
half of our respondents said that

Figure 3

Is digital technology so important to you that you would
consider changing your job to move to a company already
using digital tech successfully?
19% Yes
49% Would take into consideration
with other factors
6% Unsure
26% No

Digital technology is a factor which contributes to the considerations
regarding the choice of company to work for.
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an organisation’s success in the
deployment of digital technology
was something that they would take
into consideration when considering
changing company.

...And it subsequently impacts the world
Oxford Economics estimate that the
world needs to invest USD$94 trillion
in infrastructure in the period up
to 2040.2 A further USD$3.5 trillion
will be needed to meet the United
Nations’ Sustainable Development
Goals for electricity and water.3 Poor
productivity could quickly make
these sums unaffordable.

Improvements could, however,
make a huge impact. McKinsey
Global Institute has argued that
if construction could match the
average productivity growth of
the general economy, the savings
would pay for around half of global
infrastructure needs.4

2

Oxford Economics
(2017) Global
Infrastructure Outlook

3

Ibid
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McKinsey Global
Institute (2017)
Reinventing
Construction through a
Productivity Revolution
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McKinsey (2018)
Unlocking
Success in Digital
Transformations

Slow and patchy implementation of digital transformation is a bigger barrier
than cultural resistance to change…
Digital transformation is hard. In a
much-quoted statistic, McKinsey
claim that over 70% of change
programmes fail. Digging below
that headline, the challenge may

be even greater. The success rate
for traditional industries, including
infrastructure is between 4% and 7%.5

Figure 4

To what extent do you agree with the following statements regarding your organisation?
We easily collaborate across
functions and business units

45%

23%

We use digital technologies to
enhance our internal processes
and workflows

24%

49%

We have a culture of
innovation and
experimentation

24%

34%

The industry is not moving
quickly enough into digital
processes
My organisation always
prioritises digital solutions in
all areas of work
Data-based decision making
is strongly promoted and
practiced in all parts of my
organisation

Strongly
agree

18%

33%

15%

30%

13%

20%

24%

25%

3%

8%

16%

20%

20%

Slightly
disagree

8%

14%

24%

Neither agree
nor disagree

5%

16%

37%

13%

Slightly
agree

14%

5%

11%

11%

Strongly
disagree

There is strong agreement regarding the use of digital technologies to enable easy collaboration across functions;
however, there is less agreement regarding the prioritisation of data-based decision making.
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There are, however, grounds for
optimism. Our survey suggests a
willingness to embrace change (Fig.
4). The majority of respondents
reported that their firms collaborate
across business units, use digital

technologies to enhance internal
processes and workflows and
have agile cultures that embrace
innovation and experimentation.

of respondents told us that their
organisations don’t always prioritise
digital solutions or promote databased decision making.

Where things begin to go awry is in
the implementation: A large minority

…But quick wins may be available
The survey shows that the pace of
adoption of the latest technology
is at best mixed. This means some
quick wins may be available. Firstly,
firms remain heavily reliant on
email and network drives to share
information (Fig. 5). Secondly 44% of

firms are operating at BIM Level 1 –
or not at all (Fig. 6).
The enthusiasm for collaboration
and innovation, revealed elsewhere in
the survey suggests the potential for
some quick wins.

They could be unlocked by greater
use of cloud-based services,
collaborative project management
tools, and a concerted push to BIM
Level 2 and beyond.

Figure 5

When you share information internally, which of the following might you see?
How do you share sensitive information with external partners?
Email

71%

79%

Network drives /
local servers

12%

Document management
server / CDE

60%
50%
56%

Hard copy (ie paper)

35%
48%

Cloud services

37%
39%

Mobile phones

9%
30%

Project management
software
We don’t share
information internally
Don’t know

97%

21%
0%
1%
0%
3%

Internally

with external
partners

Excludes “Others“
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Network drives and
mobile phones,
exclusively for sharing
information internally’
to ‘Network drives and
mobile phones however
are exclusively used
for sharing information
internally.’

Figure 6
Almost half of organisations are
working on level 1 BIM

In your opinion, what BIM level is
your company working on?

Level 1
Level 2
Level 3
Not at all

Implementation plans must improve training, technological awareness and
integration with existing systems and processes
We asked respondents to identify
the biggest barriers to digital
transformation (Fig. 7) and also
why technology failed in their
organisations (Fig. 8). To get a richer
picture we also asked about barriers
to adopting BIM (Fig. 9).
The responses were remarkably
consistent. A lack of skills and/
or poor training was the biggest
challenge for all three questions,
prioritised by over 50% of
respondents.

This was closely followed by a lack
of awareness and understanding of
new technology, which was seen as
the second biggest barrier to digital
transformation (46%) and successful
rollout of BIM (51%). In relation
to the failure of technology, poor
implementation strategy was the
second biggest barrier (48%).
A range of factors that are likely to
be included in any implementation
strategy also made repeated
appearances across the questions.
This included a (lack of) integration

with legacy IT, poor fit with current
procedures and inadequate funding.
Interestingly, while a lack of
leadership vision was sometimes
referenced, it comes in well below
these other challenges. This
supports the view that the biggest
challenge for digital transformation
is to close the gap between rhetoric
and reality via the long slog of
executing an implementation plan.

Lack of skills and understanding of new technology are the main perceived
hurdles to digital transformation.

Figure 7

Which are the main hurdles to digital transformation in your organisation?

55%

46%

39%

35%

28%

Skill / expertise to
implement change

Understanding of new
technology

Adequate funding

Presence of
archaic IT
systems

Clear leadership
vision

23%

21%

19%

15%

11%

Adversity to
risks

Cultural
issues

Innovation

Willingness to
collaborate

Collaboration
between teams
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Excludes “Others“

Figure 8
Inadequate training and poor
implementation strategy are the
main reasons respondents feel
the technology has failed.

What are the reasons you feel technology fails in your organisation?
52% Inadequate training
48% Poor implementation strategy
39% Does not integrate with existing software
38% Poor fit with current procedures
35% Low adoption
27% Difficult to use
23% Unreliable / Does not meet expectations

Excludes “Others“

What can engineering and construction firms do?
Take the lead on training and competency development
The clearest message from the
survey is that a lack of training and
competence is holding back digital
transformation. This message is not
new but has the industry been quick
enough to respond? Training and
competency development carry a
cost but is anyone willing to meet it?
Engineering and construction are
not unique in this. A recent crosssector survey by Deloitte found a
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stark difference of opinion between
millennial employees and senior
executives about who should pick
up the tab for preparing employees
for Industry 4.06. The latter seeing
it as a responsibility for individuals
and governments, while the former
putting the ball squarely in their
employer’s courts.

Deloitte (2019)
Deloitte Global
Millennial Survey
2019

Lack of skills, lack of understanding of BIM and lack of clients’ willingness to
adopt and invest in BIM are the main perceived barriers.
Figure 9

Which of the following do you think are the greatest barriers using BIM in your organisation?
63% Lack of skill / expertise
51% Lack of understanding of BIM
50% Clients willingness to adopt / invest
38 % Cost / Financial implications
34% BIM’s relevancy only for complex projects
29% Resistance to change

24% Lack of vision from leadership
23% Lack of support from
operational staff
22% Insufficient hardware
15% Corporate culture
11% Lack of relevance
5% Legal consideration

27% Lack of industry standards
Excludes “Others“

11

Where construction is different is
that it is already falling behind much
of the economy in its productivity. It
is also facing a fierce war for talent
with high reward/high status sectors
such as financial services and tech
competing to attract many of the
same people.
Now may be the time for firms to act
in their own self-interest and invest
heavily in workforce training and
development.
To help with this process the Construction Industry Training Board
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has developed a six-scale Digital
Competency Framework7 (Fig. 10).
Organisations can use this framework to assess the competency of
their existing workforce and map this
against where they need to be. Our
survey suggests that there remains
a lot to be done at levels 1 and 2 –
giving employees the confidence to
make the most of existing tech. But
as we discuss below, we will also
need more people at levels 4 and 5
who can identify new opportunities
and make them happen inside their
organisation.

Construction Industry
Training Board
(2018) Unlocking
Construction’s Digital
Future

Figure 10

Scale of digital competency

5

Level of digital competency

4
3
2
1
0

Skilled innovators
Selective generalists

▪▪ Consider/try inventing own tech solutions
▪▪ Identify problems/goals that tech could help solve
▪▪ Implement change and make it happen
▪▪ Choose the most appropriate technology for the task
▪▪ Consider how problems could be solved using tech
▪▪ Could handle / delegate problems effectively

Mindful operators

▪▪ Actively consider how tech could be used better on
existing or similar tasks
▪▪ Handle problems or know when to ask for help

Competent users

▪▪ Competent and confident using specific tech for
particular tasks
▪▪ Handle some problems if they arise

Default users

▪▪ Trained to use specific tech
▪▪ Not highly skilled/competent or confident

No experience

▪▪ Never used tech

Focus on digital leadership
Our survey suggests the industry
is caught in a bind. It is not making
the most of the technology available
because of unawareness about what
it can do. At the same time, we found
that when technology is deployed
it can fail to deliver its potential
because of a lack of fit with existing
processes and ways of working – or
its effectiveness is undermined by
the existence of out of date legacy IT
systems.
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Chief technology officers or chief
digital officers are an increasing
presence in engineering and
construction firms, fulfilling some of
the functions at the higher end of the
CITB framework. One or two senior
posts are of course not a complete
solution. This trend does however
point to the industry acknowledging
that digital transformation is both
an organisational change issue and
a technology issue. These roles also

put someone in the boardroom who
can explain how the organisation
can exploit new technology and who
can fight for the resources needed
for their successful roll-out. Now is
the time for more organisations to
consider if they have the personnel in
place to deliver digital leadership.

What can be done at the industry level?
Use technology to develop new business model and escape the low investment
and low productivity trap
We have already seen that E&C
firms typically struggle with low
margins. This inevitably reduces
the appetite to invest in technology
and the human capabilities needed
to exploit them. Their clients in
turn increasingly see engineering
design as a commodity and are
driving down fees. As noted in
the survey responses, current fee
structures are a barrier to exploiting
the full potential of BIM and other
technologies. It is also a big barrier
to making the kind of investments in
training and capability development
the survey suggests are needed to
take the industry forward.8
Digital transformation does, however,
point to a way out of this trap. Digital
tools combined with increased
volumes of data mean consultants
and contractors know more about

the assets they design and build than
ever before. This insight can be the
basis for new business models in
which engineering and construction
firms are rewarded for the value they
deliver to their clients, rather than the
inputs they put into projects.

8

Construction
Leadership Council
(2018) Procuring for
Value

9

HM Government
(2018) Industrial
Strategy –
Construction Sector
Deal
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Centre for Digital
Built Britain (2018)
The Gemini Principles

Clients of course also need to be
willing and able to procure projects
and services on this basis. Initiatives
such as the Construction Leadership
Council’s Procuring for Value
programme point to a way forward.
Government can make a huge
contribution by making good on the
commitment in its industrial strategy
to embed this value-driven approach
into public procurement9.
Is now the time for the industry to
unite around value-based business
models?

Establish industry standards and improve interoperability to improve
collaboration and data sharing
Many survey respondents pointed
to volumes of data generated in
different formats via a multiplicity of
incompatible systems as a barrier
to unlocking the benefits of digital
transformation. One size will never
fit all but as more than a quarter of
respondents suggest, establishing
industry standards and improving
interoperability – the ability to share
and manipulate data and convert it
from information into insight - would
be a big step forward.
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The Centre for Digital Built Britain’s
Gemini Principles10, developed at the
request of the National Infrastructure
Commission are a step on a road
to this goal but much more needs
to be done. The prize is high. If
industry players can agree to a basic
framework, opportunities to develop
scalable products and services could
be huge.
Is now the time to put aside shortterm commercial interests and agree
on standards that can unlock a much
bigger market?
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Conclusions
Accelerating digital transformation
Digital transformation is a huge opportunity
for individual firms and the engineering and
construction sector as a whole. It opens up a
path to increased productivity, new business
models and the higher and more sustainable
levels of profitability that will come from better
meeting the needs of customers. Our survey
shows that firms and their employees are more
than willing to embrace the change.

To grasp this opportunity, firms need leaders
who understand how technology can transform
productivity and performance. But digital
transformation is also an organisational change
challenge. Those same leaders need to create
and drive implementation plans to overcome
barriers to exploiting technology created by
legacy systems and working practices. Most
of all our survey shows that they need to make
a major investment in training to develop the
skills and capability of their workforce.

Join the conversation
ice.org.uk
+44 (0)20 7222 7722
management@ice.org.uk
@ice_engineers
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