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ROOT CAUSE ANALYSIS
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In manufacturing defect investigations, 
human error often can be incorrectly 
identified as the root cause of the defect. 
As a result, a common corrective action is 
retraining employees. The problem is that 
the actual root cause of the manufacturing 
defect is not identified and remediated. 
Thus, recurrent defects occur. 

As a 25-year veteran quality practitioner 
in the medical device manufacturing and 
pharmaceutical industries, I have seen 
numerous organizations appropriately 
implement root cause analysis (RCA) inves-
tigations as a result of product defects, 
process gaps or customer complaints. 
Repeatedly, I have witnessed the RCA 
outcome, or root cause, incorrectly identi-
fied as human error (or some variant) with 
retraining used as an inadequate correc-
tive action, resulting in a false remediation of identified 
defects.1

To prevent this, there are additional methods organiza-
tions can use—including in-depth investigation tools and 
questions—to determine more robust root causes and 
remediation efforts. 

Root cause analysis
Professionals working in the medical device 
industry are familiar with RCA because it is at 
the heart of all investigations into nonconfor-
mances and defects found in a manufacturing 
facility. 

Title 21 of the U.S. Code of Federal Regu-
lations, part 820, subpart J, section 820.100 
is corrective and preventive action.2 The 
regulation states that identifying product 
defects and the cause of the defects, and 
implementing actions to correct the problem 
are required as part of a robust quality man-
agement system (QMS). All registered product 
design owners and manufacturing facilities 
must meet the requirements of this regulation. 
The regulation does not, however, state how to 
do this. It also does not identify good or bad 
corrective and preventive action programs, 

systems or steps.3, 4

The goal of any RCA investigation is to identify one or 
two elements that, if corrected, will reduce the recur-
rence rate of an error to acceptable levels, or even to 
zero.5 Therefore, a robust investigation must be per-
formed. If there are three or more root causes identified 
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medical device manufacturer that makes complex electrome-
chanical treatment machines. The assembler’s job consists of 
attaching a metal tip to the end of a transparent tube, inserting 
the tube into a plate through a specific hole and gluing the 
tube in place using a fixative. The assembler inspects her work 
through a visual enhancement tool (magnifying light) to ensure 
the tip is seated fully on the tube, there is no adhesive overflow 
into the tube and the base of the tip is 2.00 mm (± 5 microns) 
from the surface of the plate. The assembler uses a calibrated 
scale (ruler) to ensure the proper distance. The assembler sets 
the assembly horizontally on a drying fixture. Typically, the 
assembler creates about 240 subassemblies per eight-hour shift.

One day, the assembler comes to work after a huge fight with 
her spouse. On this day, the assembler creates only 180 subas-
semblies during her eight-hour shift because, understandably, 
her mind is not completely on her work. 

At the end of the manufacturing line, a quality engineer 
reviews all subassemblies to ensure they meet requirements 
before passing them to the next phase of the manufacturing 
process. Normally, the assembler has no more than two or three 
rejects per day. But today, she has 17 rejects—a considerable 
increase. As a result, an RCA investigation is conducted and 
the root cause is erroneously identified as human error. The 
proposed corrective action is retraining. 

There are two problems with this scenario. On a normal day 
with few internal (or personal) distractions, the assembler does 
a great job and her work is well over the acceptable quality limit 
(AQL) of 98%. Today, her AQL is under 91%. A corrective action 
report is implemented as a result of this lower-than-acceptable 
AQL and human error is identified as the root cause. In this case, 
the RCA investigator failed to ask one more question in the five 
whys analysis: “Why did the human err?” 

The assembler’s work normally has about a 99% AQL, so 
will retraining help? The short answer is no. She knows how to 
do her job, and she does it well. In addition, retraining will not 
change her acceptance rates because, although human error 
may have contributed to the cause of the defects, retraining will 
not prevent the same situation from recurring. 

Likely, the assembler will go back to doing a great job and 
effectiveness checking will show the AQL return to acceptable 
levels. Everyone will declare the retraining was effective, and 
no further actions will be proposed. In addition, because the 
assembler has proven repeatedly that she knows how to per-
form her job adequately, retraining will not teach her anything 
new and actually wastes her time.

Two weeks later, the assembler has another argument with 
her spouse. Has the retraining prevented a recurrence of this 
defect? Of course not, because the defect wasn’t caused by 
her lack of training. A more effective RCA would have iden-
tified the appropriate root cause—the dependence on visual 

for a defect, it can generally be assumed the 
root cause has not yet been found and addi-
tional investigation is required. 

The analysis must consider all the prelim-
inary causes or symptoms,6 and determine 
whether there is a more basic cause that 
addresses all the symptoms identified. Human 
error is one symptom that requires additional 
investigation.

Root cause: human error
Many times in my experience as a quality 
professional, I have seen organizations erro-
neously identify human error as the resultant 
root cause of failure analysis efforts. Human 
error is an inadequate root cause because it 
does not address the true reason the failure 
occurred and, therefore, a remediation cannot 
be implemented to prevent future defects. 
Humans will always err—no one is perfect—
so manufacturing systems must be robust 
enough to ensure product defects will not be 
introduced despite human error. Human error 
must be an expected variable, and a robust 
manufacturing process will keep human error 
to a minimum. 

Visual inspection is a perfect example. The 
literature shows visual inspection performed 
by humans is rife with error. For instance, 
depending on what a human expects to see,7 
expects not to see, and environmental or inter-
nal distractions, the rate of reliability of human 
visual inspection for true rejects is about 85%8 
(which falls to 65% for false rejects). 

According to a study performed by systems 
analyst Judi See, the acceptable level of true 
rejection should be 90% or higher.9 Therefore, 
in many cases, the level of error for human 
visual inspections is unacceptable. Many 
organizations have gone to computerized 
visual inspection systems to reduce the error 
to acceptable levels.

 
A manufacturing example
This example involves a human performing a 
step in a manufacturing process. Except for 
fully automated systems, almost all manufac-
turers have some level of human performance 
in their manufacturing processes. 

An assembler is working on the line of a 
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inspection and hand placement of a part in a 
subassembly. This cause might be remediated 
appropriately by using a fixture to ensure 
appropriate placement. 

In addition, using a metered adhesive dis-
penser also might prevent the addition of too 
much adhesive. The use of these tools would 
ensure that, despite human error, the defect 
rate of the work would remain consistent. 

Due to personal distractions, the assembler 
still might create fewer subassemblies than 
usual, but if her defect rate remains consistent, 
the rate of quality defects for the subassembly 
will not be affected.

In addition to adding tools or fixtures to 
remove or alleviate the potential for human 
error, retraining the assembler—who already 
knows how to do her job well—will not present 
her with any new information with which 
to perform her work more effectively. This 
presumes there has been no change in the 
process between the day before when the 

assembler was doing her job well and 
the next day when her quality rate 
dropped so precipitously.

Akin to retraining, threatening to 
put the assembler on a performance 
improvement plan or applying sanctions 
against her perks also is not effective. 
These actions will not correct the prob-
lem's real cause. 

The scenario presented here has 
several problems: human error, personal 
distractions and a manufacturing pro-
cess 100% reliant on human processes. 

A more robust root cause of the high defect rate is the lack 
of a tool or fixture to ensure the location of the base of the 
metal tip falls within acceptable ranges. A better corrective 
action might be to introduce a fixture to ensure the appropriate 
dimensional tolerances are attained despite the presence of 
human error.

This is just one example. However, there are numerous scenar-
ios to which this example can be applied.10

Finding a better root cause
In an RCA investigation, when human error is found to be the 
cause of a product or process defect or problem, a thorough 
investigator using the five whys method11, 12 will ask one more 
question: “Why did the human err?” Answering this question 
can result in a better root cause for which a solution may reduce 
recurrence of the event if the same human error should repeat. 
Here are some examples of why a human might err:
1.	 Confusing procedure—Poorly written; vague or superfluous 

instructions; hard to follow.
2.	Internal (personal) distractions—Personal life; illness; injury; 

disability.
3.	External distractions—Noisy environment; frequent interrup-

tions; poor layout or workflow.
4.	Unaware the procedure existed—Inaccessible to employee; 

inadequate communication of procedural changes.
5.	Procedural updates—Updates occur too often; too many 

revisions; employee can’t keep up with procedural changes; 
procedures released inconsistently.

6.	Intentional misuse or willful misconduct—Employee is 
disgruntled or dissatisfied.

7.	Inadequate electronic clearance on automated sys-
tems—Another employee’s ID or login is used; unauthorized 
workarounds; unable to access automated systems.

8.	Missed a step in the procedure or work instruction—
Instructions are unclear or illegible.

9.	Inadequate paper-based systems—Printer errors; misnum-
bered or missing pages.

Human error is an 
inadequate root cause 
because it does not 
address the true 
reason the failure 
occurred and, there-
fore, a remediation 
cannot be imple-
mented to prevent 
future defects.
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10. Inadequate software-based systems—Software   		
  glitch.

11. Employee apathy—Lack of motivation; bored with 		
     the job; unaware of the effect on quality.
12. Employee unable to perform certain steps— 
      Inaccessible or inappropriate fixtures, tools or 		
      equipment.

Many other issues could cause a human to err. A competent 
process for corrective actions looks beyond the human error to 
determine whether there is something affecting the employee 
and whether there is a corrective action that will eliminate the 
cause of the human error, thus preventing the human from 
erring in the first place. This is the definition of a truly robust 
manufacturing system—one that will produce quality products 
despite the constant potential for human error.

Corrective action: retraining
As mentioned, the corrective action must consider factors 
beyond this particular instance. There are two things the 
investigator can ask: Is the defect of such an impact that it 
must be corrected? Is this an isolated incident?

If defective assemblies are discovered early in the manufac-
turing process and can be disassembled and reassembled at 
a low cost, some organizations might choose to disassemble 
and reassemble the defective product. If the organization 
elects to do so, however, robust corrective actions should be 
established to prevent rework.

If this is an isolated incident in an otherwise acceptable 
level of work by an employee, you could argue that any time 
spent implementing another corrective action would be an 
inefficient use of resources. The lower quality level produced 
on a given day does not reflect the overall level of quality to 
be expected from the assembler. Therefore, retraining the 
assembler likely will not improve his or her overall quality of 
work. Therefore, other causes and corrective actions should 
be considered.

In and of itself, retraining does not correct any of the poten-
tial human errors identified above. For instance, no amount of 
retraining will improve a disgruntled or dissatisfied employee’s 
performance. Retraining with an instructor may help initially 

if the employee doesn’t understand the procedure, for 
example, but the employee’s quality level may again 

decrease if the procedure is revised.
Identifying the true cause of 
the defect (inadequate facilities, 
numerous interruptions, noisy 
environment, inability to access 
electronic systems, lack of proper 
fixtures or tools, for example) can 

go much further in preventing 

future incidents of any identified defects in that 
the corrective action will help prevent the human 
from erring in the first place. A robust corrective 
action also ensures consistency across processes 
when multiple individuals are performing the 
same tasks, which reduces or even eliminates 
human variation.

Ultimately, identifying the cause of the human 
error, or the causes contributing to human 
error—along with a corresponding corrective 
action for the real root cause—will have a greater 
effect on reducing or eliminating future defects. 

Whenever human variation can be removed 
from a manufacturing process through the 
implementation of fixtures, tools, equipment or 
automated processes, the manufacturing pro-
cess itself will result in reduced overall variation 
and fewer manufacturing defects.

REFERENCES
1.	 Susan Haigney, “Human Error and Retraining,” Journal 

of GXP Compliance, 2009, pp. 47-60. 
2.	 U.S. Food and Drug Administration, Quality System 

Regulation, Code of Federal Regulations, Title 21, Part 
820, April 2015. 

3.	 Les Schnoll, “Corrective and Preventive Action in 
Medical Device Manufacturing,” Quality Progress, 
November 2001, pp. 75-82.

4.	 James A. Burk and Janet A. Hendry, “Planning and 
Tracking Risk Reduction to Completion,” Professional 
Safety, May 2015, p. 30.

5.	 Gregory Fehr, “How to Avoid Future Problems 
Based on Previous Failure Analysis,” Leadership and 
Management in Engineering, Vol. 12, No. 1, pp. 1-5.

6.	 Karen Spencer, “Getting to the Root Cause,” Quality, 
August 2015, pp. 42-45.

7.	 College London, “How Believing Can Be Seeing: 
Context Dictates What We Believe We See,” 
ScienceDaily, www.sciencedaily.com.

8.	 Judi E. See, “Visual Inspection Reliability for Precision 
Manufactured Parts,” Human Factors, Vol. 57, No. 8, pp. 
1427-42.

9.	 Ibid.
10.	Tom Harvey, “Reducing the Frequency and Severity of 

Human Error: Optimizing Performance,” Professional 
Safety, November 2013, pp. 39-42.

11.	 Jan M. Myszewski, “On Improvement Story By 5 Whys,” 
TQM Journal, Vol. 25, No. 4, pp. 371-383.

12.	A Vidyasagar, “The Art of Root Cause Analysis: Five 
Whys Analysis to Ask the Right Questions at the Right 

Time,” Quality Progress, February 2015, p. 48.


