
 

"Ask the engineers at 
General Electric how to 
manufacture jet engines, 
and you'll get a set of 
documents detailing a 
painstaking process followed 
by everyone with razor-like 
precision. Ask the software 
designers at Microsoft how 
they built Windows, and 
you'll get a hard-and-fast list 
of code provided in stepwise 
fashion.”  
 
– Tony Jaros, Sirius Decisions 
 
But ask lab directors the 
process they use to ensure 
accurate manual pipetting of 
samples and you'll likely get 
as many different answers 
as people you ask. 

The Power of “Factory Thinking” in DNA 
Forensic Labs 
How leading laboratories are using Pipet Navigation Systems with light and sound guided prompts 
to increase accuracy, decrease errors and reduce costs during manual pipetting.

 

Overview

 

Today’s forensic labs face serious challenges when asked to reliably manually pipet samples from vials to 
microplates or from microplate to microplate: 
 
Due to all the CSI-type shows, the juror expects DNA evidence in every 
criminal case. That evidence must first be gathered, then processed and 
analyzed. This has generated large backlogs in many DNA labs which put 
added pressure on labs to maximize sample processing by each analyst, in 
record time, and with error-free results. Do it right: you catch the guilty 
and let the innocent go free. Do it wrong…the consequences in the society 
of letting a guilty person go or convicting an innocent person make 
worldwide news.  
 
To improve lab performance and reduce costs, it is imperative for lab 
directors to be able to clearly know which person is pipetting, at which 
station, and at which period in the analysis, so they can insure accuracy, 
break the bottlenecks, eliminate waste, and strategically allocate 
resources to produce error free results. Ideally they should be able to view 
the person’s performance, not as a series of disjointed activities and hit-or-
miss campaigns, but as a unified set of processes — a specialized kind of 
factory — that consistently and predictably “manufactures” results. 
 
As Tony Jaros, VP and Research Director for Sirius Decisions says, “In any 
functional area of business, set processes help us to determine what 
materials should be used to create something, by whom, in what time and 
at what cost.” But the absence of some of these processes in the lab is 
costing forensic labs across the globe increased costs, loss of credibility and missed conviction opportunities. 
 
This paper discusses how leading labs are using “Pipet Navigation Systems with sound and light guides” to 
optimize and accelerate output. The results? Lower costs, repeatability, higher conviction rates — sooner, and, 
in many cases, a significant advantage in overall lab success. In the following pages, we take a closer look at 
how voice and light-guided devices work; what lab management techniques can be applied to forensic labs; 
the steps to take; and real-world examples of how labs are benefiting. True, voice and light-guided pipetting 
systems can never reach the “well-oiled machine” status of totally automated systems — but by leveraging 
the right technologies and expertise, they can come remarkably close. And, even in fully automated labs, 



 

when the robot is down manual pipetting, on occasion, will be required in order to keep up with demand. This 
puts the operators in a position where they are not as familiar with the protocols as they would be if they 
were doing the manual pipetting on a daily basis which can lead to errors. Pipet Navigation Systems can be 
used in these situations as well to lower costs, increase accuracy and bring systemization to a manual 
procedure. 

How does “Factory Thinking” work? 

In goods manufacturing, raw materials are acquired and processed through a series of steps to create an end 
product. To employ a very simple example, consider a kid’s lemonade stand. To satisfy the thirst of sidewalk 
customers on a sunny afternoon, she would have to set up a production line — probably on the kitchen 
counter. Her raw materials would be water, lemons, sugar, and ice cubes. The end product? A jug of 
lemonade. 

 
In DNA labs, there are raw materials and end products too. However, these are defined differently: 
 

 
 Raw Materials –the incoming evidence or sample, as it arrives in vials, on cotton swabs, in tubes, in 

baggies. Plus reagents, TAQ polymerase, kit components, microplates, vials and pipet tips. 

 End Products – For Forensics: labeled DNA evidence, in bar-coded vials along with an electronic 
computer printout showing portal to exit, where the evidence or sample has been, who has handled it, 
at what time, using what procedure. 

How do Pipet Navigation Systems Work? 

Pipet Navigation systems use Light and Audible Cues to guide a laboratory 
technician through each step of a pipetting or sorting lab protocol. 
Microplate wells are illuminated during pipetting to guide the operator to 
pipet the indicated volume into the correct well at all times during the 
protocol. As pipetting steps are completed, a footswitch or sensor is used to 



 

"...a small mistake in pipetting can cause a 
large error in the final result. It is, 
therefore, of great importance to evaluate 
and to reduce, wherever possible, both 
random and systematic errors in liquid 
sample handling." Sari Ylätupa, PhD, 
"Choosing a Pipetting Technique Affects 
the Results of Your Analysis", European 
Clinical Laboratory[1] 

"The Most Expensive Test is a Retest” 
Ruth Noe, UK & Ireland Sales Manager Lonza 

timestamp the completed protocol step and then it will display the next pipetting step in the protocol. Pipet 
Navigation Systems are designed for a variety of pipetting and sorting applications. All systems significantly 
reduce pipetting errors, speed pipetting, allow data transfer to and from lab instrumentation and allow full 
time-stamped documentation of protocols. These systems are ideal for forensic, sequencing, PCR, microarray 
and HLA labs and are commonly used for the following tasks: 
 

 Cherry Picking of samples 
 Hit Picking 
 Sample Sorting 
 Accessioning of Samples 
 PCR & Sequencing Setup 

 Plate normalization to a standard concentration 
 Dilutions 
 Real Time PCR Setup 
 ELISA Processing 
 As backup for fully automated labs 

The Benefits of Pipet Navigation Systems 

In forensic DNA labs, it can be difficult and terribly costly to connect the dots between the End Product you 
are seeking (the analyzed evidence or sample) and the 
evidence or sample that has arrived at the lab. This 
creates an impediment because, if you cannot follow 
every step taken in the lab, how can you optimize the 

process? Many labs utilize LIMS or LIS systems or in-house spreadsheets to track their process, but once 
manual pipetting is conducted there has been a data gap that could not be filled… until now. Technology now 
exists that clears the fog and allows you to accurately see and analyze what is going on in your manual 
pipetting protocols. For example, it is possible to know — in real time — who handled the evidence, what 
exact protocol was used, how long each step took, if there were any exceptions, at what time, what reagents 
were used including lot numbers, for what purpose and what outcome. You can even set up automated and 
live responses from the light and audible-guided prompts — again, in real time — to guide the analyst every 
step of the way. For example, the analyst or technician can 
be reminded to mix or centrifuge a sample at a certain step.  
 
As with most processes, kitchen counter lemonade 
manufacturing can be optimized by the intervention of 
expertise and technology. We can buy better equipment, 
source raw materials at a lower cost, streamline production 
(perhaps, even automate it.) 
 
 
Not a perfect analogy-but useful 
 
Can the same be said for lab automation without buying an expensive robot? With all its complexities and 
human components? Can this highly complicated system be transformed into a factory, and achieve all the 
efficiency and performance of an advanced Toyota assembly plant? Not a perfect analogy – but useful. Of 
course, lab analysts are not the same as manufactured goods. It would be a mistake to blindly apply 
manufacturing-driven management principles to lab analysts without first understanding the similarities and 
differences. 
 



 

The Evolution of a Process 
 
Economic history is filled with examples of complex industries 
evolving into lean, efficient, high performance processes. 
 

Aluminum recycling used to be cost-prohibitive — mainly due 
to the expense of getting the material returned to a facility, 
and then reprocessing the metal into a useable form.  
 

Today, however, with advancements in metallurgy and 
electrochemistry, over 65% of aluminum in North America is 
recycled, profitably.  
 

In DNA and other diagnostic labs, this highly evolved level of 
efficiency is a rarity. 

What are the exceptions to the Factory Thinking analogy and the use of audible and light guided devices for 
manual pipetting? 
 

1. Diminished control of the input.  
In our lemonade example, the raw materials of lemons, sugar, water, and ice cubes can be highly 
controlled. There may be some variations in quality and availability but, for the most part, these would 
be of minor concern. Can the same be said about the “raw materials” of a DNA lab? Not quite. In DNA 
labs, raw materials cannot always be acquired to exacting specifications. For example, enough touch 
DNA may only be available for one test. DNA on a buccal swab, may be contaminated by its improper 
handling or by environmental contamination. There are also highly-variable, human characteristics at 
play—evidence collected from all sorts of sources on all sorts of substances, being handled by analysts 
with all sorts of skills—and that means differences in reliability, competence and general outcome. 

 
2. Variability of events  

When making lemonade, the process is always the same: crush the lemons, add water and sugar, and 
stir. No one expects a rogue lemon to skip ahead, jump into a glass, and transform into lemonade! This 
does, however, happen in DNA labs. Raw materials — visitors and phone calls interrupting the lab 
analyst, for example — may unpredictably affect the outcome of the analysis. Once the visitor has 
departed or the phone call ended, the analyst is left to try to remember where he/she was in the 
process, what material was being added to what well for what purpose. 

 
3. Work-in-progress cannot always be stored.  

In traditional manufacturing, if too many of a particular part is produced, these can be stored in 
inventory — sometimes indefinitely. In a DNA lab, by contrast, a backlog is generated and speedy trials 
get postponed. So given these exceptions, how is “Factory Thinking” applied? What process design and 
optimization tools can be leveraged from the field of manufacturing and utilized in backlog reduction? 

 

Smart Automation 

Diminished control of the input and variability of events are two reasons why you can never fully automate lab 
analysts — especially in complex, multi-
step DNA analysis. If you did, in a forensic 
lab you run the risk of losing the only 
DNA evidence available. Any technology 
used to automate best practices must be 
flexible, allowing analysts to perform 
complex manual pipetting even under 
fluctuating lab realities. What are some 
of the manufacturing management 
techniques that we can use? The 
engineering of manufacturing processes 
has evolved steadily since the Industrial 
Revolution, with giant leaps forward in 
the past few decades. In many industries 
today, production is so optimized that 



 

further improvements are, at best, incremental.  
In DNA labs, however, this highly-evolved level of efficiency is a rarity — but it does exist, especially in those 
labs that deploy the right technologies, expertise and thinking to make it happen. What are some of the 
advanced strategies used in manufacturing that are also applicable in DNA labs? There are several, but the 
three most influential are: 
 

1. Theory of Constraints (TOC) 
2. Lean Thinking 
3. Off-sight outsourcing 

 
A full description of these theories is beyond the scope of this paper, but the basic ideas are relatively simple 
to describe. 
 

1. In a nutshell, the Theory of Constraints maintains that in order to increase output in any process — in 
DNA forensic labs, this 
would be the time from 
when the evidence enters 
the lab to when it has been 
fully processed — you must 
first relieve the constrained 
operations, or bottlenecks, 
that slow things down. 
Consider an hourglass. The 
narrow center is a 
bottleneck. It does not 
matter how much sand 
(evidence) is poured into the 
top, the rate of production 
(sand landing at the bottom) 
will be the same. The only 
way to increase output is to 
somehow widen the 
bottleneck. Applying this 
idea to DNA labs, let us say you have a high level of incoming evidence, but poor conversion into fully 
analyzed evidence. As illustrated below, for a lab using witnessing to reduce error rates, the bottleneck 
still occurs. 

 
A better investment of resources would be to use a Pipet Navigation System to increase the speed and 
efficiency of the analysts in the jobs they know best. In other words, break the bottleneck. 
 

 
2. Lean Thinking is about systematic reduction of waste and, especially, allocating resources to those 

activities that generate the highest value. For example, most would agree that a lab analyst’s time is 
better spent actually analyzing evidence than in trying to remember where the last sample had been 
placed. Or worse yet, witnessing another analyst as they perform manual pipetting. That is why many 
labs utilize some form of guided pipetting —to better optimize a limited resource. When faced with the 
necessity to increase output, the impulse of many labs is to put “more feet in the lab”. Hire more 



 

analysts. This will no doubt increase the output, but may not be a most efficient strategy. A smarter 
spend may be to invest in pipet navigation systems for better pipetting. Lean Thinking is smart 
thinking. The question to lab directors should be, “Is every dollar spent generating the highest value 
possible?” Then the lab director needs to realign, reorganize, and eliminate waste where necessary, to 
achieve the desired results. 

3. Commonplace in manufacturing, Offsite Outsourcing is remarkably applicable to backlog reduction. 
For example, outside companies are often hired to help reduce the backlog. By utilizing this 
specialization of labor, labs are able to deploy specific tasks to where these can generate the highest 
value. If the lab tried to handle all of its backlog, the results would be sluggish, and their skills and 
experience would not be put to optimal use. How do these and other manufacturing-driven theories 
work within a DNA lab with government oversight and financial constraints? 

Top Factory 

Top Factory Thinking strategies applicable to backlog reduction: 
1. Automation of best practices - Despite individual personalities, disparate lab analyst capabilities, 

creativity and other human elements that exist in DNA labs today, a surprising portion of what works 
best can be automated. From the time the evidence reaches the lab until it has been fully analyzed, the 
lab director can use the voice and light-guided systems to help streamline the process. This is 
automation at work. The goal is to maximize the probability that the evidence is being competently 
handled from start to finish so that the right human being can be linked to the crime and the innocents 
can go free in a timely manner. 

2. Waste reduction and reclamation - Using the right technology, a clear view can be gained of the entire 
DNA lab analysis process. This makes it possible to understand how all the individual parts are working 
— including who will be handling the evidence or sample, how it will be handled, and what is expected 
as to time of handling to completion. Decisions can then be made to eliminate wasteful practices, and 
deploy resources where they have the greatest impact on results. Just as advances in technology have 
enabled the aluminum industry (see “The Evolution of a Process” box) to reclaim much of its waste 
products and convert them into assets and income, trackable digital lab techniques as illustrated above 
enable effective evidence and sample handling in the DNA lab. The key is to maximize the utility of 
every single analyst. No analyst should be employed for the tedious and redundant job of “witnessing” 
for example, a job much more reliably performed through automated methods. Voice and light-guided 
systems can, in effect, take the place of this second analyst. 

3. Breaking the bottleneck - As discussed in the previous section, by identifying and expanding 
bottlenecks, evidence and sample throughput can be increased. For example, an analyst may be 
constrained by her inability to explain what happened during a given analysis. By having to record 
every phone call or trip to the bathroom, this reduces her ability to finish the analysis in a timely 
fashion. If she were, however, given the tool that would guide her and monitor her behavior, then she 
would no longer have to rely on memory for such a job. And as we learned during the OJ Simpson trial, 
when called upon to testify as to her duties on any given case, if she is reduced to relying on notes, 
handwritten or written after the fact, the result at trial may be devastating. How can a constraint like 
this be relieved? By utilizing technology to enable the analyst to retrace her steps from the time the 
evidence entered the lab to the time it was fully analyzed. 



 

Making it work 

What is needed to take advantage of Factory Thinking to optimize and accelerate the lab analysts throughput? 
 

 The right technologies – to automate best practices, eliminate bottlenecks, and reduce costs. 

 The right expertise – a partner who has the resources, technology, knowledge, and track record to 
make it happen, cost-effectively. 

 The right communications – especially between lab analysts, their lab directors and the public, who 
need to work together to build a cohesive process and to measure the results at each step. In our work 
with clients, the first step that the BioTX team takes is investigating and mapping out the current 
process. We ask: How are samples currently handled? How much automation is currently in place? Is 
there some type of evidence or sample identification in place? What part of the process do you want 
automated? Do you have instrumentation that you would like interfaced with the pipet navigation 
system? Do you have a LIMS or spreadsheet system in place that can be interfaced with the pipet 
navigation system? The end result is a detailed electronic standard operating procedure (eSOP) that 
will fully document the lab procedure to be automated using the pipet navigation system. If the lab 
uses instrumentation, LIMS or spreadsheets, the pipet navigation system is integrated as part of the 
installation process. Barcode labeling of vials and plates can also be implemented if requested. 

 
These days, forensic labs face increased pressure from the community to both analyze DNA in every case and 
to decrease costs. To add to the stress, resources are more scarce, yet the pressure to produce results has 
never been greater. Transforming disjointed public and private demands into an efficient, high-performance 
process may be the only way to gain the advantage. For these reasons and more, Factory Thinking and the use 
of pipet navigation systems are ideas whose time has definitely come. “Best-in-class” labs will separate 
themselves in the years to come by finding ways to approach lab analysis with rigor and accountability, turning 
what has long been considered an art into a science. 

Breaking the bottleneck 

EXAMPLE 1: FORENSIC LAB 
Company: 
Broward County Sheriff Office Crime Laboratory  
Challenge: 
Processes that are conducted in DNA labs across the country are often tedious and time consuming. Some 
laboratories are turning toward witnessing to ensure the accuracy of manually transferring samples from one 
location to another. 
Solution: 
Conducting an analysis of the situation, Broward County determined that the witnessing procedure was a 
bottleneck that impeded growth and used too many lab analysts. To solve the problem, a new process was 
implemented that used WellAware, an audible and light-guided pipet navigation system to help with manual 
pipetting. This eliminated the need for a second analyst to witness the first analyst’s work, freeing up another 
analyst to assist with the backlog. 
Results: 
The Broward Sheriff’s Office Crime Laboratory is in the process of validating the WellAware system. Our 
laboratory is trying to reduce the amount of data entry with the added advantage of eliminating witnessing 
steps. We have been doing this by creating mock samples and entering them into WellAware. It has been 



 

determined from testing that WellAware’s software consistently and accurately displays coordinates, volumes, 
date, time and name documentation. Unintentional mistakes can be made while manually pipetting. We 
wanted to make sure that WellAware will point out or correct mistakes automatically. If the barcode is found, 
WellAware always displays the correct destination well. In the event a barcode cannot be identified or has 
already been scanned, WellAware alerts the operator to the error and the pipetting steps are halted. 
 

EXAMPLE 2: FORENSIC LAB  
Company:  
San Diego Police Department  
Challenge: 
San Diego’s Police DNA Crime Lab is highly automated. However, when the robots go down or when there isn’t 
enough evidence to justify setting up the robots, manual pipetting is required. Since the analysts are no longer 
manually pipetting on a daily basis, a system was desired to guide the analysts and to eliminate possible 
errors.  
Solution: 
San Diego uses a custom in-house spreadsheet for the tracking and generation of worksheets for robot setup 
and for manual pipetting. BioTX was able to modify the existing spreadsheet by adding buttons to create 
eSOPs for setting up Quants, Identiler, MiniFiler and Y-Filer protocols for amp set-up with WellAware. Once 
the eSOPs are made using the buttons added to the in-house spreadsheets, the eSOPs is opened in WellAware 
to guide the manual pipetting of the Quant and Amp pipetting.  
Results: 
San Diego is now using WellAware for the manual pipetting of casework samples. With WellAware, San Diego 
is now able to track manual pipetting, reduce errors and make the best use of small amounts of evidence. 

 
EXAMPLE 3: FORENSIC LAB 
Company:  
Acadiana Criminalistics Laboratory 
Challenge: 
Eliminate errors when transferring extracted DNA from vials into a 96-well plate. This lab uses QIAcube 
instruments to extract DNA from 2-12 samples at a time.  The final extract is dispensed into 1.5 ml tubes.  The 
extracts are then removed from the tubes and are manually pipetted into a specific well in a 96-well plate.  
This lab usually has more than one QIAcube running at the same time and can have as many as four running at 
one time.  And as each run is finished the sample extracts are added to the same 96-well plate until the plate 
is full.  The challenge is to ensure that the correct samples are loaded into the correct wells, while tracking the 
QIAcube instruments, reagents, operators and generating printed reports and barcoded vials. 
Solution: 
Using a WellAware Pipet Navigation System to generated barcoded vials and to guided the pipetting of the 
transfer of QIAcube samples from vials into a 96-well plate.  
Results: 
Using the BioTX Lab Suite Software’s Labeling Module the lab was able to create vial labels with unique 
DataMatrix barcodes along with a human readable code for tracking of the vials in the lab and for use with 
WellAware’s barcode imager. A custom spreadsheet that the lab was using to track the manual pipetting 
process was modified by BioTX to create barcoded label files and for generating a printed form of the 96-well 
plate map once the pipetting was complete. The Labeling Module was setup as a print server. It was setup to 
look for files in a networked directory. When a label files show up in the directory the Labeling Module prints 



 

the vial labels. This arrangement allows multiple analysts to work at their desks and generate labels when 
needed. Once the labels are printed they are applied to empty vials and are then put onto the QIAcube for the 
collection of the extracted DNA. Once the vials come off the QIAcube, a custom electronic Standard Operating 
Procedure (eSOP) is opened with the WellAware software. The operator then scans the vial barcodes into the 
Source Vial Number field of the eSOP spreadsheet until all wells of the 96-well plate have a barcoded vial 
associated with it. Once the eSOP is filled in the operator runs the WellAware software and places a 96-well 
plate on the destination (right) side of the WellAware slate PC screen. When running the eSOP in WellAware 
the operator is prompted to scan in a barcoded vial. The operator selects any vial and scans it using the 
barcode imager attached to the WellAware PC. The WellAware software then lights up the correct well of the 
96-well plate and the analyst transfers the contents of the vial into the lit well of the 96-well plate. When the 
operator discards the pipet tip into the trash can the TipAware sensor detects the analysts arm movement and 
sends a command to the WellAware software that will prompt for the next barcode to be scanned. Once all 
vials have been scanned the eSOP is saved automatically to a directory on the network. The Analyst can then 
generate the printable plate map from the custom spreadsheet for their records from the completed eSOP. 

About BioTX. 

Founded in 2003, BioTX provides WellAware, the leading voice and light-guided Pipet navigation systems to 
the forensic and diagnostic markets. With market-leading technology backed with expert professional 
services, BioTX automates best practices in manual pipetting for its customers internationally. BioTX 
Automation is headquartered in Conroe, Texas. Additional information about BioTX is available at 
www.biotx.net or by calling 936-273-2633. 
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