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Human Factors and Non-destructive Examination 
 
Human Factors is a scientific discipline concerned with understanding the interactions between 
people and technology.  The goal of human factors is to reduce human error, increase quality 
and productivity, and enhance safety. There are many factors beyond the engineered system 
that non-destructive examination (NDE) personnel inspect, including the elements shown in 
Figure 1, that combine to result in safe, effective, and error-free examinations. 
 

 
 

Figure 1. Categories of factors that influence human performance in non-destructive examination. 

The general categories of human factors that influence human performance in NDE are 
reflected in Figure 1.  Research studies have shown that these factors exert considerable 
influence on the quality of NDE examinations and need to be considered in how work is 
performed. 
 
Task Characteristics refer to what is done and the tools used to perform the job.  Task 
performance is affected by how well the examiner prepares beforehand, the type of equipment 
used and how easy it is to use, the degree of detail in a written procedure and the examiner’s 
familiarity with it.  Examinations can vary in complexity – some may be quite straightforward, 
such as dye penetrant inspection, whereas others such as phased array ultrasound involve 
much more equipment and many steps to set up, acquire and interpret data.  More complex 
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examinations can create more opportunities for errors. The amount of time pressure on an 
examiner also affects performance. How much time is available to inspect a component may be 
limited in a hazardous setting like a radioactive area, or examiners may feel pressure to 
complete a job quickly due to other competing demands.   Tasks performed under time 
pressure can increase stress on the examiner and lead to errors. 
 
People differ from one another, which is the basic idea of the Individual Differences category of 
factors.  Examiners have varying levels of knowledge and experience on the job, as well as a 
diverse set of personalities, motivations and attitudes.  Certain physical abilities – such as being 
able to fit into small spaces, and cognitive abilities – such as good capability to navigate in 
complex factories and plants, can help performance.  Different examiners may use different 
processes to accomplish the same inspection, which may affect reliability and probability of 
detection. Increases in workload, stress and fatigue due to long shifts can increase the risk of 
errors. 
 
Although NDE can often be done by a single individual, there are many instances where more 
than one examiner is involved – sometimes with a single partner, or in more complex 
examinations a team of several individuals.  The Group Characteristics category encompasses 
the human factors associated with teams, including the coordination of individual member 
roles and responsibilities and how well the team works together.  Team cohesion involves 
individuals working together in a smooth and efficient manner, sometimes anticipating other 
team member requirements, and generally getting along well.  In addition to clear roles and 
responsibilities, team coordination involves ensuring that everyone has the information and 
equipment needed to do their job. Teams that work well together tend to perform more 
efficiently and effectively. 
 
The Physical Environment is another category of factors that can affect NDE performance. NDE 
is often performed in locations that are difficult to reach (see Figure 2), and which may expose 
the examiner to hazardous circumstances or make the examination more difficult.  Poor 
accessibility may require examiners to arrange themselves in uncomfortable positions for 
extended periods of time and limit the ability to see the component being inspected or the 
equipment being used. High levels of heat and noise can increase stress, affect the ability to see 
or hear equipment signals, and make communication with team members more difficult. Poor 
lighting can be particularly challenging for visual examinations, impacting the ability to 
distinguish cracks from surface scratches.   
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Figure 2.  NDE examiner conducting ultrasonic inspection of pipe weld in a nuclear power plant.  Access to weld requires removal 
of insulation and awkward positioning in order to obtain full coverage examination. 

 
Organizational Factors are concerned with the overall system in which NDE is conducted – like 
a power plant run by an electric utility or a pipeline managed by an oil producer.  The ability of 
individual examiners to conduct effective NDE is influenced by how well organizations support 
and plan for NDE. The culture of an organization sets the tone for the work environment – it 
can affect how well people work together or how much time pressure examiners experience. 
Training examiners, providing supervision, and planning inspection schedules often involves 
coordination among multiple units to ensure a successful outcome, including interactions 
between inspection vendors and end users.  Challenges to the overall NDE industry, such as an 
aging workforce or reductions in job opportunities, can affect an organization’s ability to 
recruit, hire, and retain qualified examiners.  The organizations and systems that support NDE 
can help set examiners up for success or increase opportunities for error.  
 
For Further Information 
 
Research concerning the influence of human factors on NDE performance has been conducted 
by the Nuclear Regulatory Commission (NRC), which is concerned with ensuring the safety of 
nuclear power plants.  A series of studies are available to the interested reader from the NRC 
Agencywide Documents Access and Management System (ADAMS) 
https://www.nrc.gov/reading-rm/adams.html: 
 

• AL D’Agostino, SL Morrow, CM Franklin, NM Hughes. (2017).  Review of Human Factors 
Research in Nondestructive Examination.  U.S. Nuclear Regulatory Commission, 
Washington, DC.  Accession Number ML17059D745.  
 

• TF Sanquist, SL Morrow, AL D’Agostino, NM Hughes, CM Franklin. (2018). Human 
Factors in Nondestructive Examination: Manual Ultrasonic Testing Task Analysis and 
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Field Research. PNNL-27441. U.S. Nuclear Regulatory Commission, Washington, DC.   
Accession Number ML18176A055. 

 
• TF Sanquist. (2020). Nondestructive Examination (NDE) Training and Qualifications: 

Implications of Research on Human Learning and Memory, Instruction and Expertise.  
PNNL-29761. U.S. Nuclear Regulatory Commission, Washington, DC.  Accession Number 
ML20079E343. 

 
For those who wish to know more about the general study of human factors, the following 
introductory texts are good resources: 
 

• JD Lee, CD Wickens, Y Liu, L Boyle. (2017).   Designing for People: An Introduction to 
Human Factors Engineering.  Madison, WI: John D Lee/CreateSpace. 

 
• NJ Stone, A Chaparro, JR, Keebler, BS Chaparro and DS McConnell.  (2018).  Introduction 

to Human Factors: Applying Psychology to Design.  Boca Raton: CRC Press/Taylor & 
Francis. 

 
 
Special Human Factors Topic: Learning, Memory and Training 
 
The science of learning and memory is one of the most basic aspects of human factors. Learning 
and memory are involved in all human activities, from the earliest developmental aspects of 
learning to walk and talk, to highly complex skills such as NDE.  Researchers have studied 
learning and memory in a variety of ways, including in cellular organisms, animals and humans.  
These studies have identified a number of important principles of how learning and memory 
operate, which can be put to work in almost any setting – from learning and remembering 
names of classmates, to educational material and skills that are used in NDE.  This section 
describes three of the most important principles and provides some general guidance on how 
to apply them. 
 
The most important aspect of learning is to ensure that you provide sufficient time to master 
the material you are studying.  It is all too common to leave studying to the last minute – 
cramming – which is not very effective.  More time spent studying leads to better ability to 
remember (and perform on tests!), and also allows a greater amount of material to be studied.  
This is known as the total time principle. 
 
A related principle of learning concerns the importance of how you use the time studying.  
Spending one large block of time on a body of material is much less effective than if you space 
out the studying over intervals.  For example, it is better to spend 2 hours studying on 2 
separate days, than 4 hours in a block on the same day.  This is known as the distributed 
practice principle. 
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The knowledge testing principle involves assessing what you have learned as you progress in 
studying, and is a very effective way to enhance your long term ability to remember.  Research 
has shown that knowledge testing can even be more effective than simply re-studying the same 
material.  In educational settings this can be built-in by employing quizzes or classroom 
response systems; on your own it can be done by self-testing, such as ensuring that you 
remember key terms, definitions, concepts, etc.  Knowledge testing leads to better memory if it 
is done some time after you have studied the material initially, rather than immediately – this is 
related to distributed practice described above. 
 
The learning and memory principles described in this section are applicable to anything you are 
trying to learn and retain for a long period of time.  This includes what you might encounter in 
training to be an NDE examiner, such as physics course material, equipment calibration 
procedures, and specific examples of what material flaws look like when examined.  The 
application of the principles of learning to educational material is sometimes not as effective as 
it could be, because of limitations of time or lack of familiarity on the part of the instructor.  But 
as a student, knowledge of these learning principles can allow you to tailor your own studying 
in such a way as to improve your overall level of learning. 
 
For Further Information 
 

• TF Sanquist. (2020). Nondestructive Examination (NDE) Training and Qualifications: 
Implications of Research on Human Learning and Memory, Instruction and Expertise.  
PNNL-29761. U.S. Nuclear Regulatory Commission, Washington, DC.  Accession Number 
ML20079E343. 

 
• Brown, PC, Roediger, HL, and McDaniel, MA.  (2014).  Make it Stick: The Science of 

Successful Learning.  Cambridge, MA: Belknap Press of Harvard University Press.   
 


