Transforming Construction: Al’'s Role in Building
the Future

By Dr. Perry Daneshgari & Dr. Heather Moore

ith each new change in process or technology, apprehension from users challenges the need to adapt their
current methods and processes. When technology replaces an existing method or process, it is only
sustainable if it offers something above and beyond what is currently in place. Some call this “disruption.”

According to Clayton Christensen who coined the phrase disruptive innovation (when a need is not satisfied by
existing providers), disruption will happen when a new provider begins meeting the unserved or underserved need
and uses the technology to expand exponentially, toppling market incumbents. 1
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However, that is not always the case; for instance, development of new technology may be irrelevant to an existing
provider’s services, but once available, many derivatives of it can disrupt an existing provider’s services — especially
in the fringes and unrelated markets (e.g., fax did it to mail, Uber did it to taxi service and food delivery, Toyota did it to
General Motors). All of these innovations don’t have to satisfy the current wants, but they will need to address some of
the needs that, when satisfied, will expand in the areas that were rnot known before. For example, Apple created an
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entire new ecosystem for app development by creating the iPhone and iPad. Everything came through inventions that
are man-made, but their origin has always been in the nature.

Exploring the distinction between “man-made” and “natural” things prompts us to consider their origins. Regardless of
the final product, the source of knowledge behind both is the same. Without delving into philosophical or religious
realms, it's essential to recognize that anything crafted or fabricated stems from human hands. Although the outcomes
(positive and negative) can vary significantly, the origin of creation traces back to a non-artificial intelligence.

ARTIFICIAL INTELLIGENCE

Artificial intelligence (Al) is the new buzzword trending in the news, research, books, and social media. It has caused
debate, core questions, and incredible advancements in information transfer. But how will it impact construction?

Will ChatGPT send prefabricated assembly instructions to a 3D printer? Will robots fix the workforce shortage
problem? The answer to these questions (and more) is possibly, but not without Agile IntelligenceTM. Having
knowledge about work and the experience of using tools to build is strictly human.

Exhibit 1: Key Definitions to Explain Al

Term Definition Construction
Technology Systematic treatment of art or craft Work Breakdown Structure
Information Technology (IT) The study or use of systems (especially computers Database management of:
and telecommunications) for storing, retrieving, and Estimating
sending information Accounting
Work/Operations
Intelligence The ability to acquire and apply knowledge and skills
Artificial Intelligence (Al) The theory and development of computer systems Modeling and simulation such as:
that are able to perform tasks that normally require BIM
human intelligence, such as visual perception, speech Workflow
recognition, decision-making, and translation between Logistics
languages Industrialization
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Exhibit 2: Learning-Based Organization

Exhibit 2: Learning-Based Organization What
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Technology has always helped to move from one step to the next or increase the pace of evolution. To better
understand how Al will impact construction, we can look at the industrialization of other industries such as agriculture
and manufacturing to move faster toward the Industrialization of Construction®. 2 This article explores the source of
information as the crux, which has been coined as Agile IntelligenceTM.
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TECHNOLOGY, INFORMATION TECHNOLOGY & Al

To better understand the role of technology, information technology (IT), and intelligence in the Industrialization of
Construction®, Exhibit 1 explores the connection and distinction of these words that build on each other to get to the
definition of Al.

If Al is meant to reflect human intelligence, then where does that intelligence come from? If it is based on knowledge,
then what is the source? The knowledge is not artificial; it's based on data.

Many companies have an abundance of data; however, it's the progression from data to information to knowledge to
wisdom (as coined by Dr. Perry Daneshgari) that helps an organization gain intelligence through learning and asking
the right questions of the data.

Exhibit 2 shows how the intelligence and experience of those with wisdom can guide teams or individuals on how to
collect data. Those with knowledge can help guide others on what to look for, where to collect the data, and who
should collect the data.

This is essentially moving up the Al chain— recognizing how to assemble data, translating it to information and then to
overall knowledge, and finally, recognizing what those with wisdom know from their experiences and knowledge. 3 The
result of this progression from data leads not to artificial intelligence, but rather to Agile /ntelligencew, which is gained
from experience and a human source that can be used to improve the system and organization.

INDUSTRIALIZATION IN OTHER INDUSTRIES

Technology played a role in each of the five steps of industrialization. 4 Once the techne — the art and skill — is
understood and made explicit (through Steps 1 and 2), it can be improved upon with systematic treatment (e.g.,
technology).
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In agriculture, advancements in understanding the techne started in the 18th century when universities and
governments began studying what led to better yields based on what farmers did. Then they worked to develop a
systematic approach using fertilizers, irrigation, crop rotation, and mechanization.

Eventually this technology became housed in machines that provided both physical and mental (decision-making) aid
to the farmer. Exhibit 3 shows this advancement in machines first using hardware technology to replace human/animal
muscle power and then using software technology to enhance human decision-making and improve yield based on a
systematic approach. 3

In manufacturing, the technological advancement of computing (IT) has mostly replaced manual and human
computing, which allowed manufacturing to go through industrialization in one-third of the time that it took for

agriculture. 6

The Influence of Technology

Henry Gantt brought technology to manufacturing and transportation before computers existed (Exhibit 4). His study
of the relationship between work, effort, and time led to improved planning, and therefore faster timing, better quality,
and reduced waste (cost) in production efforts in the early 1900s, including significant contributions to the country’s
military production and logistics needs. 7

Over the course of industrialization, computers have helped to take information storage and processing from human
brains to machines, but the source of that information has stayed the same. As explained later in this article, the
transformation of information and knowledge from the human brain to computers will happen through a Work
Breakdown Structure, which transforms tacit knowledge to explicit knowledge by breaking down the work to the level
of the operator’s capabilities.

IT, and now Al, can only be effective in organizations that use it to evolve from people to process to procedures first.
As explained in the January/February 2023 issue of CFMA Building Profits, Al maximizes the benefits of the
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company’s tacit knowledge; the goal is to transfer information (from base to top) to be digitalized and ingrained in the
company fabric as Al. B

Exhibit 3: Industrialization in Agriculture

Technology is the container for this information and its transfer, and it is developed to support and supplement
industrialization through the following five steps:
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1. Initial development

2. Trial usage
3. Proliferation
4. Control and limitations

5. Evolution

HOW INDUSTRIALIZATION WILL HAPPEN IN CONSTRUCTION

Through the same five steps of industrialization, construction will rely on the techne to develop and utilize Al. But what
is the reliable source of data for this techne? Just like it was for the mechanics and farmers of centuries ago, it’s in the
know-how of the craft.

MCA, Inc.’s efforts to teach and capture Work Breakdown Structures (WBS) over the past two decades has built the
basis for intelligence that is rooted in tacit knowledge, using the WBS process to make the knowledge and experience
explicit with data. The “Agile IntelligenceTM in Construction” sidebar expands on this with examples of the data being
captured at a job, project, and company levels through Digitalization, Commonization, and Interconnection® (DCI
Construction®).

In several prior CFMA Building Profits articles, it has been explained how DCI Construction® facilitates this process —
by decentralizing the information about who does what, when, and where and transferring it with multiple processes
and tools into a centralized database. This data can be tapped during project planning, execution, and closeout to aid
in decision-making and modeling outcomes.

An example of this application in construction comes from studying the WBS and its process. As explained in “Jobsite
to Garage: Prefabrication & Modular Construction,” 9 the outcome of a WBS is a visible and vetted plan for the job that
can also be used to plan a project. While the outcome doesn’t appear sophisticated, getting all the work and the right

work on paper is a very difficult process — especially for tradespeople.
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The quality of this plan via the WBS sets the stage for the job and is the source of intelligence of what is expected to
happen. Although an estimator did some critical thinking and best-guessing and an engineer or designer created a
concept that functions, the person who will lead the build of the job is like the farmer who will tend to the crop —
knowing what they see and know is critical for building Al.

Similarly, the WBS must be captured as data. Rolling it up and throwing it away after a day of planning is painful (and
has happened). Criticizing and trumping it with “that plan won’t work™ or “this doesn’t match the estimate” is also
dangerous because what shows up on the WBS is exactly the way the job will be built.

Technology — both in the form of hardware and software — can be used to aid decision-making and physical work as
well as optimize productivity. The true Al in construction will be Agile Intelligencem, which provides the right
information to the workforce to help them do the work rather than replace their work. The same took place in
manufacturing and agriculture, and more recently, aviation.

The data source for this intelligence must have both a logical and social component. Modeling information flow on
jobsites has shown that productivity improves when decisions include both:
1. Pure logic (based on an individual’s knowledge and experience)

2. Input from peers on the jobsite
I's also known that there are different dynamics impacting the weight of these two factors such as job size, duration,
and job stage (beginning, middle, and end). 101 other words, it's not enough to create Al out of pure job data. You will

get something out of this Al, but it’s likely to be artificial rather than agile. Just like the industrialization of other
industries, the source of data and decision-making needs to be the techne for Al to be useful.
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Exhibit 4: Example of the First Gantt Chart
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Agile IntelligenceTM in Construction

The data needed to build Agile IntelligenceTM has always existed — it's in the heads of the craft, the spirit of
capitalism, and the soul of the company. The Al of construction exists at the job, project, and company (also known as
project delivery) 1 |evels. These currently and mostly exist as disjointed data and/or in disjointed databases; in some
cases, they only exist in tacit form.

However, tapping into them, digitizing the production processes, commonizing the data structures and interfaces, and
interconnecting the multiple databases (via DCI Construction®) will help transform this inadequate interoperability 12 {5
Al to increase construction’s pace toward the Industrialization of Construction®. Let’s look at some examples.
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JOB

For the first two steps of industrialization (managing labor and managing work), the work on the job must be
understood. This requires the field to break down the work into visible and manageable items that can be managed.
This is suggested to be done via a WBS.

Then, the work should be scheduled each day through a system that explains not only what the labor did, but more
importantly, what they planned to do; if it wasn'’t able to be done, why not? This allows management to categorize
obstacles and work on the largest impacts to productivity.

This can be done via adherence to ASTM E2691’s Job Productivity Management Standard 13 to understand common
causes via Short Interval Scheduling (SIS®), for example. Then the common causes will link to special causes via
labor productivity tracking (not production tracking) via a system like JPAC®,

PROJECT

While companies go through the steps of industrialization, the value transferred from craft to customer remains the
same. Being able to transfer this value better, faster, cheaper, and safer is the role of the project manager (PM).

The data required also remains the same, although it is currently rarely interconnected. For example, the variables of
work, effort, and time need to be linked, which can happen with Work Environment Management (WEM®). 14

The financial management of projects also needs an interconnection between the accounting system and an
operations structure (such as WEM®) that provides data about productivity, labor forecasts, and sources of money
(e.g., change orders, committed costs, and horse trading15 with other contractors, vendors, and subcontractors) that
very often the PM keeps in spreadsheets or in their heads. These can be made visible and accessible through
modules that keep the outside-of-accounting data in one place and accessible to both the PMs and controllers.
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COMPANY (PROJECT DELIVERY)

The way a project turns project results, both financial and customer satisfaction, into business results is through its
approach to project delivery — it is the soul of the company and representative of the founders or current
owners/executives. 18 It is where the CFO lives, and in construction, tries their hardest to predict the money and
mitigate risk, all based on job and project information.

They need independent variables to predict accurately, and, unfortunately, their accounting systems can only hold one
set of variables that are driven by finances. Separate estimating and operational databases need to be setup for
system-level analysis of project performance, 17 dynamic budgeting, 18 and PM/overall performance and incentives. 19
The company variables are often managed tacitly by the CEO and CFO, absent Al that stores the data.

DCI Construction® is a process to digitalize, commonize, and interconnect items that are tacitly held (or even explicitly
noted, yet not visible higher than the job level) and build them into the visible Al framework of your company.

CONCLUSION

With many unknowns about information management, Al can seem scary. But as always, humans will find a way to
manage the new world so that it brings more good than harm. In translating that to construction, think about the
source of intelligence in your role and current business. Most likely that techne cannot be easily replicated or replaced
by outside hardware or software.

To learn from and avoid the same pitfalls as other industries that tried to use technology in the early stages of
industrialization, you’ll need to focus on the know-how within your business and use technology — including Al — to
reduce physical strains/labor and bring high quality data-driven processes to your projects based on your data.
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