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Before Automation: Where Generative Al
Actually Helps in Manufacturing

Using Al to Improve Operational Understanding,
Human Capability, and Organizational Intelligence
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Manufacturing naturally sees new technology through the lens of
automation. That is understandable and reasonable.

For generations, manufacturers have used technology to increase speed,
precision, repeatability, and throughput while reducing waste, variation,
and manual effort.



So when generative Al arrives, the instinctive question is:
What can we automate?

But generative Al introduces another kind of value. Its most immediate
contribution may not be replacing human activity. It may be helping
people understand the work better before they act.

That distinction matters because many of manufacturing’s most expensive
problems are not initially execution problems. They are understanding
problems.

* A quality engineer is trying to determine why a defect returned.
* A maintenance technician is diagnosing an intermittent failure.
* An estimator is trying to recognize hidden risk in an RFQ.

* An engineer is evaluating the downstream effects of a change.

* A plant manager is trying to understand why several operational
indicators are moving in the wrong direction at once.

In each case, the challenge is not merely doing something faster. It is
assembling enough relevant context to understand what is actually
happening.

That is where generative Al deserves to be viewed differently.



1. The Real Problem Is Often Not Data. It Is Context.

Manufacturers already possess enormous amounts of operational information.

It exists in ERP and MES systems, quality records, maintenance history, FMEAs, work
instructions, engineering changes, customer requirements, emails, spreadsheets,
supplier communications, shift notes, machine data, and the accumulated experience
of the people doing the work.

The problem is that this intelligence is fragmented.
* Quality knows one part.
e Maintenance knows another.
® Engineering knows another.
e The machine records another.
* An operator remembers another.

* A customer specification may contain a critical requirement that nobody thinks
to revisit until something goes wrong.

A manufacturer may therefore possess tremendous intelligence while having poor
connectivity between intelligence. That distinction is important. The organization may
not need more data.

It may need a better way to connect what it already knows.

This is a problem generative Al is unusually well suited to address. Traditional
enterprise systems work best when information is already structured.

e Databases want fields.
® ERP systems want transactions.
e Automation wants defined triggers and actions.

Generative Al can work across language, documents, historical records, explanations,
observations, and other less-structured information. That means a user can ask
questions across sources that were never designed to be interrogated together.

¢ What changed between these revisions?



* Have we seen this failure before?

* Which customer requirements affect this process?

* What prior corrective actions resemble this one?

* What evidence supports the suspected cause?

e What information is still missing?

e Which historical jobs most closely resemble this RFQ?

The value is not that Al somehow “knows” the factory. It does not. The value is that it
can reduce the effort required to bring relevant knowledge into view.

That is a very different use of Al from automation.

Automation acts on work.
Al can help humans understand work.

2. GenAl Expands Human Capability

This matters because manufacturing still depends heavily on expert judgment.
Experienced operators, technicians, engineers, estimators, inspectors, and managers
recognize things that are difficult to fully encode.

They notice weak signals.
They recognize abnormal conditions.
They remember what happened before.

They know which explanation is plausible and which one does
not fit physical reality.

They understand consequences that may not be obvious
from a dashboard.

That expertise should not automatically be treated as an inefficiency
waiting to be removed.



Sometimes the better question is not:
How do we remove the expert?

It is:
How do we give the expert access to everything the organization knows?

Generative Al can reduce the cost of retrieving, comparing, organizing, synthesizing,
and interrogating information. But someone still has to determine: what matters; what
is credible; what is physically possible; what is relevant to the current condition; what
risk is acceptable; what should actually happen.

That is domain judgment.

Consider an experienced engineer who previously had enough time to review five
relevant sources before making a decision. Give that engineer the ability to intelligently
interrogate fifty. The engineer has not become less important. The informational field
over which that engineer can exercise judgment has expanded.

That is augmentation.

Research outside manufacturing supports this broader pattern. In a large field study of
customer-support workers, generative Al increased productivity overall and produced
particularly large gains among less-experienced workers—this writer one of them.

Other research has also shown that Al can improve performance on tasks within its
capability range while degrading performance when users over-trust it outside that
range. That is an important warning for manufacturing.

The more convincing Al becomes, the more important it becomes to know when
the answer does not fit operational reality.

- A novice may accept a plausible explanation.

- An experienced technician may know immediately that it cannot be true on that
machine under those conditions.

The stronger the technology becomes, the more valuable sound judgment can
become. Al does not make expertise obsolete by making information accessible. It
makes expertise more consequential by giving it more to work with.



This leads to a more useful implementation principle:

Automate what should be automated.
Augment what still requires judgment.

3. From Individual Augmentation to
Operational Intelligence
At first, these applications appear to be individual productivity improvements.
* An operator gets better access to process knowledge.
* A technician gets faster access to maintenance history.
* A quality engineer can synthesize more evidence.
* An estimator can interrogate historical quotes and production experience.
* An engineering manager can better trace downstream dependencies.

* A plant manager can ask questions across multiple sources rather than waiting
for several reports and meetings.

Each capability can create value on its own. But something changes when they begin
drawing from a shared organizational context. The organization becomes increasingly
able to: remember; retrieve; connect; compare; contextualize; learn.

At that point, the discussion moves beyond individual copilots. It begins to resemble
organizational cognition. A manufacturing organization already contains intelligence.
It exists across:

* People
e Experience, judgment, observations, craft knowledge.
® Machines

¢ States, conditions, measurements, alarms, histories.



® Processes

e Standards, dependencies, constraints, sequence.

e Documents

® Requirements, instructions, drawings, corrective actions, specifications.

*® Enterprise systems

* Transactions, schedules, inventory, quality, maintenance, commercial history.
e Organizational memory

What happened before, why decisions were made, what worked, what failed, what
experienced people remember.

The intelligence is already there.

The problem is that it often remains disconnected. That is why more dashboards do not
necessarily produce better understanding. More data can still leave context
fragmented. More reports can still leave decision-makers reconstructing the situation
manually.

Generative Al creates a new possibility: bring previously disconnected fragments of
organizational knowledge into the same conversation—because it can help the
organization make more of what it already knows available at the moment it matters.

That is where Operational Intelligence begins.

Operational Intelligence can be understood as:
The organizational capability to perceive, contextualize, and understand operational
reality well enough to support sound human judgment and appropriate action.

The progression is straightforward:

Operational Reality > Data > Information > Context > Understanding >
Judgment > Action

Manufacturing systems are already very good at generating and moving data.
Enterprise systems organize information. Automation is strong at converting defined
conditions into action. The difficult middle remains:



Context > Understanding > Judgment

That is where human expertise has always lived. And that is where generative Al
becomes strategically interesting. It can help connect:

* A machine condition to maintenance history.

* A maintenance event to a quality problem.

* A quality problem to an engineering change.

* An engineering change to a customer requirement.

* A current RFQ to historical production experience.

* A recurring failure to the memory of someone who encountered it years earlier.

Al does not create the intelligence. It helps connect it.

The goal is not to make Al operationally intelligent.
The goal is to make the organization more operationally intelligent.

4. Manufacturing Has Seen This Principle Before

This idea may sound counter to traditional factory thinking. In an important sense, it is
not. Some of manufacturing’s most effective operating practices have always been
about helping people perceive reality more clearly.

e Visual management makes conditions visible.
* Andon makes abnormalities visible.

e Standard work establishes the expected condition against which abnormality
can be recognized.

* Gemba emphasizes understanding what is actually happening where the work
occurs.

* Continuous improvement depends on people being able to see problems
clearly enough to improve them.



The underlying principle is simple:

* A machine alarm tells us what happened.

* People make better decisions when what matters is easier to see.

* Generative Al may extend this principle into the information environment.
A connected knowledge environment can help us ask:

* What happened before?

* Has this occurred previously?

* What changed?

* What does maintenance know?

* What does quality know?

* What requirements are relevant?

* What explanation best fits the available evidence?

The analogy should not be pushed too far. Generative Al does not replace direct
observation. It does not replace Gemba. It does not replace domain knowledge.

But it may help make something historically difficult to see more visible: context.

Lean helped make the condition of work more visible. Generative Al may help make
the context of work more visible.

5. Why This Matters Economically

Executives will reasonably ask, “Where is the ROl if nothing has been automated?” The
answer begins with recognizing that misunderstanding already has a cost.

So does uncertainty.

So does repeatedly searching for information the organization already
possesses.



So does calling the same expert every time a difficult problem
appears.

So does repeating a failure because institutional knowledge was lost.
Improved operational understanding can affect:

e Troubleshooting time

* Repeat defects

e Investigation cycle time

® Engineering review

e Customer requirement interpretation

* Expert interruption onboarding

® Quote risk

* Decision speed

e Knowledge transfer

The economic case therefore does not have to begin with labor removal. Not every
valuable Al application removes labor. Some remove uncertainty. And uncertainty has
operational cost.

A manufacturer that reaches the correct diagnosis faster has created value. A team
that avoids repeating a known failure has created value. An estimator who recognizes
a hidden risk before committing to a quote has created value. An engineer who
identifies an overlooked downstream consequence before launch has created value. A
new employee who can access institutional knowledge without constantly interrupting
a senior expert has created value.

None of these outcomes requires eliminating a position. They require improving
understanding.



6. The Better Starting Question

This does not mean manufacturers should stop automating. They should continue
automating where automation makes sense. But automation should not be the only
lens through which generative Al is evaluated.

A better sequence is:

Understand first.
> Assist where useful.
> Connect what matters.

> Integrate where justified.
> Automate when the operating reality supports it.

That sequence protects against a common error: automating a process before
understanding the problem well enough to know whether automation is appropriate. It
also keeps human accountability where it belongs.

Judgment before automation.

The strategic question for manufacturers therefore becomes broader than:
What can we automate?

Ask instead:
What do our people need to understand better?

The answer may lead to automation. It may lead to augmentation. It may reveal that a
process should be redesigned first. It may reveal that expert judgment must remain
central.

Any of those can be the right outcome. The opportunity presented by generative Al is
not merely an autonomous factory that does more without people. It is a manufacturing
organization better able to use the intelligence it already possesses. Empower what still
requires judgment. Connect what the organization already knows.

Use Al to improve understanding before using it to remove work.

The goal is not to make Al operationally intelligent.
It is to make the organization more operationally

intelligent. G nOtekn
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