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Building a Smarter, Leaner Lab with Al-Driven
Predictive and Prescriptive Analytics

INTRODUCTION

While the laboratory has always been a hub of data generation and analysis, the focus has
been on the specific questions the experiment was created to answer. Today, laboratories
want to derive insights from all of the data that is created, from instrument telemetry to
cross- experiment, project, or study data.

The integration of advanced analytics can drive efficiency, enhance decision-making, and
open the door to innovative solutions that propel science and transform the future of laboratory
operations. This article explores the types of analytics that are revolutionizing laboratory
environments and delves into the significant benefits of moving beyond traditional business
intelligence to predictive and prescriptive analytics, particularly in the context of liquid
chromatography-mass spectrometry (LC-MS) instrumentation.

TYPES OF ANALYTICS: BUSINESS INTELLIGENCE VS. DATA SCIENCE

Analytics in laboratories can be broadly categorized into two primary groups: business
intelligence (Bl) and data science.

Business Intelligence: This branch of analytics is primarily concerned with descriptive and
diagnostic insights. Bl tools help laboratories understand what has happened and why by using
statistical analyses and visualization techniques. These tools are excellent for reporting past and
present trends, making them invaluable for routine monitoring and decision support.

Data Science: While Bl focuses on understanding historical data, data science goes a step
further by incorporating predictive and prescriptive analytics, often powered by artificial
intelligence (Al). Predictive analytics answers the question, “What will happen?” by leveraging
advanced Al-driven algorithms and machine learning (ML) models to forecast future trends and
provide insights on what is likely to happen. Prescriptive analytics takes it a step further. Al can
recommend optimal actions based on predicted outcomes, addressing the key question “What
should we do about it?". By automating pattern recognition, enhancing model accuracy, and
enabling real-time decision-making, Al strengthens data science, allowing labs to move beyond
observation to actively optimize workflows, improve efficiency, and drive innovation.
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TYPES OF ANALYTICS

Descriptive Analytics
What happened?

Processes: Data mining, reporting,
visualization

Diagnostic Analytics
Why did it happen?

Processes: Root cause analysis, what-if analysis

Predictive Analytics
What will happen?

Processes: Casual forecasting, regression analysis,
simulation

Prescriptive Analytics
What should we do?

Processes: Rule-based systems, heuristics, optimization

THE VALUE OF ADVANCED ANALYTICS
IN LABORATORIES

The ability to predict future events and automate decision-
making processes offers substantial advantages for analytical
laboratories. Software that can go beyond plotting trends
and understands the underlying raw data in a predictive
context can forecast future outcomes and transform data into
actionable insights. Unfortunately, there is often a disconnect
between data scientists and laboratory scientists. As artificial
intelligence (Al) becomes more integrated into analytical
workflows, it presents an opportunity to recommend optimal
instrument and method parameters, ensuring the creation

of accurate and meaningful results. This is particularly
valuable for fast-paced, resource-limited laboratories, where
risks associated with poor decision making can have a
significant impact.

THE ROLE OF PREDICTIVE AND PRESCRIPTIVE
ANALYTICS IN LC-MS ERROR DETECTION
LC-MS instrumentation is critical in many analytical
laboratories, known for its precision in identifying and
quantifying complex molecules.

HUMAN INPUT

Decision Action

Decision Support

Decision Automation

However, like all sophisticated instruments, LC-MS
systems sometimes experience errors that can disrupt
workflows and compromise data integrity. This is where
predictive and prescriptive analytics prove invaluable.

Predictive Analytics: By analyzing telemetry data and
historical instrument performance, predictive analytics
can forecast potential issues before they escalate. For
example, subtle signs of a developing leak or clog—issues
that might go unnoticed in routine diagnostics—can be
detected early. The system can predict when and where
these micro-errors are likely to occur, notifying laboratory
staff to take preventive action.

Prescriptive Analytics: Beyond merely predicting issues,
prescriptive analytics can recommend specific actions to
mitigate risks. For instance, if an instrument is showing
signs of wear that typically precede a failure, prescriptive
analytics could suggest adjusting operational parameters,
scheduling maintenance, or replacing parts before the
issue impacts the workflow. This proactive approach
minimizes downtime and ensures the reliability of results,
ultimately safeguarding the integrity of the research.

Building a Smarter, Leaner Lab with Al-Driven Predictive and Prescriptive Analytics
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As predictive and prescriptive analytics become more integral
to laboratory operations, many vendors are closing the loop
by seamlessly integrating automated connections to their
service and support teams. This evolution shifts the burden

of instrument maintenance away from laboratory personnel,
allowing vendors to take a more proactive role. By using
advanced analytics, these vendors can anticipate service
needs and address issues before they escalate, leading to
faster response times, reduced downtime, and ultimately,
increased productivity and efficiency in the laboratory.

FROM DECISION SUPPORT TO DECISION
AUTOMATION

The future of laboratory workflows lies in automation, where
Al-driven processes take the lead in guiding scientists from
sample to knowledge with minimal manual intervention.
Consider a scenario involving liquid-chromatography mass
spectrometry:

1. A scientist needs to determine the intact mass and quality
attributes of an antibody sample.

2. Al systems draw on existing knowledge about antibodies
to fine-tune sample preparation, adjusting protocols based
on historical experimental results.

3. Theinstrument, guided by Al, analyzes the sample using
an optimized method.

4, Al further monitors the instrument’s performance,
detecting potential errors and advising on maintenance
needs, such as part failures or end-of-life predictions.

Although fully automated Al-driven workflows might
seem a long way in the future, the impact of prescriptive
and predictive analytics is already being felt in the

field, particularly in the service and support of
laboratory instruments.
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CONCLUSION

The integration of advanced analytics in laboratories is not
just enhancing current operations; it is redefining the future
of laboratory science. As predictive and prescriptive analytics
continue to evolve, they will move laboratories closer to a fully
automated, Al-driven future where decision-making is not
only supported but increasingly automated. For laboratory
managers and scientists, embracing these tools is essential
to staying at the forefront of innovation and efficiency in an
increasingly data-driven world.
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