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Presenter
Presentation Notes
I’ll be talking with you this afternoon about issues concerning training and practice for NDE.  The primary focus of the talk will be the basic science of human learning and memory, since theory and data from this science provide the basis for understanding how people learn in training situations, what they remember, what they forget, and how instruction and practice might be designed to facilitate learning and retention of information.




Preview of Recommendations

1 – Increase lab practice
2 – Objectively define experience time
3 – Provide sufficient field experience
4 – Use distributed practice learning principle for lab practice
5 – Provide structured learning opportunities and feedback for lab practice and 
field experience
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This is a preview of the recommendations resulting from the research – these are primarily for the operational audience, as I have learned recently that they want to know the answers, and are not as concerned about the research background.  I’m going to structure the talk around these recommendations, and provide some of the associated rationale from the relevant research.



Introduction
• Changes in ASME Code Section XI, Appendix VII (2011) reduced experience hours 

required for Level II certification from 800 to 400, permitting 320 of those hours to be 
laboratory training. (Table VII-4110-1, Required Experience for Initial Certification for 
Ultrasonic Examination (Hours)). Currently, 10CFR 50.55a prohibits the use of reduced 
experience hours.

• NRC initiated research to investigate the technical basis for training requirements through a 
scientific literature review of studies concerning human learning, retention, training, and 
application of knowledge.

• Product – integrative literature review and recommendations concerning technical basis for 
NDE training hours and types.

• Issues:
 Reduced size of workforce 
 Lack of opportunities to detect flaws in operational plants
 Fewer opportunities for training during inservice inspections than earlier periods

• Outcome: there is latitude to reduce experience hours with increase in lab practice
 We address five recommendations for how to implement this, based on fundamental learning principles
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The reason we are doing this work is related to changes in the Code that specifies the qualifications for Level II NDE examiners – the journeyman level.  



Background

• Supervised experience time requirements common in many skill-based jobs, 
e.g.,
 Flying hours for pilots
 Clinical practice for doctors

• Goal of training and field experience
 Develop applicable knowledge and skill
 Perform job task at a level of proficiency to work unsupervised (“journeyman” level)
 “Proficiency” currently based on passing a performance test (Appendix VIII) after 

required amount of field experience (Appendix VII)
 Performance testing not intended as method to assess systematic training and 

experience needed for personnel to acquire skills to successfully perform NDE (Doctor, 
2013). 

• Changes in experience time requirements generally involve considerable 
debate
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By way of background, many occupations have requirements for supervised experience time, airplane pilots and doctors being just two examples.

The goals of this kind of experience are to develop knowledge and skill applicable in real-life settings in order to perform work unsupervised – that is, the journeyman level.

Proficiency in the job skills is currently based on passing a performance test after accruing the required amount of field experience – now 800 hours.

The performance testing was not intended to be a systematic assessment of training and experience, so any changes in experience time need to be carefully evaluated.

It is worth noting that changes in experience time for occupations is a continuing issue across many professions – airline piloting in particular, and can often involve debate – to put it mildly.



Fundamental Principles
• Total Time: more learning time results in better performance

• Incidental Learning: Learning can occur in the absence of overt behavioral change

• Distributed Practice: Learning time that is distributed across intervals rather than massed together yields better retention

• Knowledge Testing: Testing can enhance retention, independent of further study

• Feedback:  Feedback that informs the learner as to the correct answer on a test, presented after the test is completed, 
enhances retention and can be used to correct errors. 

• Transfer of Training: Practice on parts of tasks that are similar or identical to elements of the task being learned results in 
positive transfer of learning, i.e., the new task is performed better than if practice on related tasks had not occurred.

• On-the-Job Training (OJT): OJT is a systematic process based on analysis of the task to be performed, development of 
instructional situations from the operational environment, employment of instructional techniques such as demonstration 
and observation as warranted, and evaluation of performance based on increasing competence in operational tasks.

• Proficiency and Expert Performance: Proficiency and eventual expertise develops over a long period of time, requiring 
deliberate practice of component tasks at increasing levels of difficulty to challenge the current skill level.

• Perceptual Learning: Experience can change how people perceive visual patterns, increasing the ability to extract 
information from the environment. 

• Active Learning:  Learning material that is processed more “deeply,” i.e., with elaboration of content though meaningful 
engagement – as distinct from passive activity such as rote repetition or verbatim note-taking – will be retained better.
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The 140 years of study of human learning have elucidated a number of general principles, listed here – I won’t go over all of them, but they are here for reference, and they are used to support specific recommendations concerning field experience time for NDE examiners.

Total time – more learning time results in better retention – not terribly surprising.  What is interesting, though, is that how that time is spent makes a difference – for example, the Distributed Practice principle indicates that practice that is spaced over multiple intervals is better than practice that is done all at once (e.g., study for 2 hours on two separate days, rather than 4 hours on a single day).

The Active Learning Principle indicates that if time is spent in more cognitively engaging activities, such as generating self-explanations or explaining material to a peer, learning and retention will be better than simply re-reading or verbatim note taking.

Finally, incidental learning is a process by which learning takes place without overt intention – it can happen on the basis of simply experiencing and perceiving. For example, riding a bus to work usually involves incidental learning – if the bus system goes on strike, most people would be able to drive the route themselves, even though they have never done it before.  This is one of the unknown aspects of field experience time – how much and what kinds of knowledge are simply picked up by being in the environment?



Translational Science – from research to 
application.  What should we do about practice 
and field experience?
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The fundamental learning principles are supported by basic research.  What do they tell us about how to address issues of practice and field experience in skill-based jobs?

In this next section, I’ll provide some specific practical recommendations about practice and field experience for NDE examiners, which are also more broadly applicable.  For each principle, I’ll also provide a bit of data or theory that support the general learning principles.



Recommendation 1  

• Increase opportunities to practice detection and flaw characterization by use 
of laboratory practice exercises that simulate the types of examinations that 
would be done in the field.  
 Provide sufficient time and feedback to ensure mastery of the relevant techniques

• Applicable Learning Principles: Total Time, Transfer of Training, Perceptual 
Learning, Feedback 

Training

Operational Simulator
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Increase opportunities:

Lab practice will increase the total time on the key aspect of the job – detecting flaws, entails transfer of training via simulation of the core task, perceptual learning through increased exposure to flaws, and knowledge of their performance results through feedback.

Simulator and operational time – what is optimum split?  For UT/NDE we don’t know; for aviation, evidence suggests that students can pass initial flight tests with about half simulator, half operational flying.



Recommendation 1, Considerations

 Consistent with current Appendix VII allowing increased hours of lab practice on UT 
techniques and components likely to be encountered in field conditions.

 Time provided for exercises should be based on objective criteria for demonstrating 
mastery, such as supervisor ratings, performance scores in practice tests, and overall 
likelihood of passing PDI tests.

 Not a substitute for field experience; instead it is augmentation
 Implement provisional Level II certifications to ensure effectiveness
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The recommendation is consistent with the principle of total time; learning study results illustrating the principle are shown in the graph on the right – with each study trial in a task of learning 40 common words, performance improves, such that by the 8th study trial, memory recall of the words is over 80%.

The recommendation follows the ASME Code, Appendix VII which increases hours of lab practice.

The specific amount of time provided for this practice should be based on objective criteria, such as ratings or performance test scores.  Right now, the code uses 320 hours, and the technical basis for that number is unclear.  Should it be 320? More? Less?  These are unresolved research issues, similar to what is encountered in other professions.

Increasing lab practice should not be considered a substitute for field experience; instead it is an augmentation meant to provide more time on task-specific elements.

Since it is not known what the impact of this type of Code change might be, it would make sense to implement provisional level II certifications to allow continued evaluation of effectiveness.





Recommendation 2  

• Define the relationship between hours of experience and frequency of UT task 
performance. 
 Current proposals for lab practice and field experience hours use a table of frequency 

X hours per task (lab practice) or total time in hours (field experience) to yield total 
experience time.

 A more detailed basis for what tasks and subtasks contribute to the time estimates will 
provide supervisors and regulators with a better understanding of how to implement 
and evaluate Code modification proposals. 

• Applicable Learning Principles: Total Time, OJT, Distributed Practice
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Time not a monolithic entity – needs to be qualified based on what tasks are being performed.

Different tasks have different learning curves and time requirements. (see Figure).  Relatively easy verbal material follows Curve A, whereas more difficult material and complex motor actions follow curve C.

Using task analysis to determine the time and frequency estimates can help to understand how to implement Code modification.

A broad generalization from the literature can be made here – that unvarying procedural activities – such as calibration or assembling an instrument may be better specified on the basis of frequency, whereas more complex cognitive processes, such as evaluating potential flaw indications, may be better specified on the basis of time and component tasks, and a minimum number of weld types or flaw indication types.  This would be similar to how minimum flight time requirements are specified – the use of both time, and specific tasks, e.g., 5 hours in night VFR conditions with 10 takeoffs and 10 landings (with each landing involving a flight with a traffic pattern) at an airport with an operating control tower.

 



 An issue with basing qualifications on experience time 
is the specific definition of “time.” 

 Time and frequency of task are related, but unclear 
whether the number of times the task is performed, or 
the duration of the task is the key variable in 
developing proficiency. 

 On-the-Job Training (OJT): Specific criteria for what is 
to be observed and then demonstrated by the trainee.  Full 
demonstrations of tasks, as well as parts of tasks by 
instructors, should form the basis for student demonstration 
of proficiency.  

 Simple “experience accrual” is not sufficient.
 Amount of time and allocation can be better defined 

through systematic estimates by subject matter 
experts.

Recommendation 2, Considerations
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Some of the considerations associated with this recommendation are shown in this slide.

The nature of “time” is the key issue.  Although this may sound somewhat metaphysical, it makes sense in the context of increasing exposure to a variety of situations relevant to the job.

This is what happens with medical specialists, over time they experience more of a specific type of case, and get better at diagnosing and treating it.

The OJT principle states the need for this specificity – without it, trainees may simply accrue experience without exposure to the most important things to learn.

Systematic knowledge elicitation from subject matter experts can help to define the specifics of time and frequency of various NDE tasks.



• Provide sufficient field experience in nuclear plant 
inservice inspections to develop proficiency of the 
knowledge and skills necessary to conduct 
examinations in realistic operational settings. 
 Time in field experience should complement laboratory 

practice such that total experience time is equivalent with 
Code requirements currently accepted by the NRC (800 
hours) 

 Field experience should be based on a structured approach 
to on-the-job training to ensure that all techniques 
addressed in laboratory practice are observed, 
demonstrated in the field under supervision, and feedback 
provided to the trainee concerning their performance.

• Applicable Learning Principles: Total Time, 
Incidental Learning, Distributed Practice, On-the-job 
Training, Proficiency and Expertise, Active Learning.

Recommendation 3
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The third recommendation addresses providing sufficient field experience to allow trainees to develop proficiency for working in operational settings.

Unlike the current code, which reduces field experience to 80 hours – not enough in our opinion, this recommendation suggests that time in the field should complement lab practice, such that both together add up to the 800 hours that is currently accepted by the NRC.  That would thus entail 320 hours of lab practice, and 480 hours of field experience – a substantial reduction, but still enough to become highly familiar with operations.  

This experience should be structured, per the OJT principle, and allow the various lab practice exercises to be observed and practiced under supervision in field settings.



 Could reduce field experience hours substantially, 
recognizing the potential contribution of laboratory practice. 

 Many aspects required to develop proficiency for skill 
application in operational environments besides detection 
and characterization of flaws
 learning how to navigate through containment/inspection 

areas, 
 executing procedures in complex circumstances,
 observing multiple geometries, 
 addressing issues of coverage limitations, and 
 generally learning flexibility to adapt the examination process 

while maintaining compliance with the qualified procedure, 
 experience in diverse operational cultures and expectations 

 Code reduction to 80 hours of field experience is 
unacceptably low

 Proficiency and eventual expertise has been shown to 
require as much as 10,000 hours to develop. 

 Potential “provisional” certification

Recommendation 3, Considerations
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There are a number of considerations associated with this recommendation.

Perhaps most important is that the NDE examiner job involves more than detecting and characterizing flaws – this includes the various elements shown on the slide, including learning your way around in power plants, adapting the examination process to emergent conditions while still complying with procedure, and various other real-world elements that are not exercised in lab practice.

As indicated, we think that reduction to 80 hours is too low, particularly since research indicates that expertise can take as much as 10,000 hours to develop (these are the truly superior performers)

As with the lab practice recommendation, use of provisional certification may be appropriate for this approach.



Recommendation 4

• Develop a schedule for laboratory practice that distributes the practice 
sessions for various techniques over intervals separated in time, e.g., a week 
or a month, based on what is feasible for trainees, oversight supervisors and 
lab facilities.  Incorporate testing of previously practiced material.

• Applicable Learning Principles: Distributed practice
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The 4th recommendation involves application of the distributed practice principle.  It is to the trainee’s advantage to spread out the lab practice over time.  The feasibility of this depends on how lab practice is eventually implemented, and will depend on availability of samples, supervisors, etc.

The basis for the distributed practice principle is found in numerous studies of human verbal learning – I show the results of one illustrative study here.  In this study, learners studied pairs of Author-Story Title combinations (e.g., Twain – A Curious Dream) until they had mastered a list of 10 pairs.  One group practiced for 20 trials in a single session, followed 2 weeks later by a recall test.  The other group practiced for 20 trials total, but the 20 were split into two sessions of 10 trials each with a two week gap between.  Two weeks after the end of the second session, this group was also test for recall.

Several things are notable about these results: First, the group that practiced in a single session had mastered the list by the 10th trial, so all the remaining learning trials were essentially “overlearning”.  The second group had also mastered the list by the 10 trial.  When they returned two weeks later for repeat practice, their retention had dropped off to around 30% -- this recovered over the next 10 trials.  Two weeks later on a final test, this group recalled nearly twice what the massed practice group recalled.

So – the same amount of study time, but distributed rather than massed, greatly increased performance.



 Spacing of lab exercises over time so that 
more durable learning takes place. 

 Several hours of practice on alternate days 
 Current approaches to prepare for 

performance testing involves massed 
practice on samples in the time period 
immediately preceding the test 

 Feasibility – practice sample availability, 
location, oversight

Recommendation 4, Considerations
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The considerations associated with Recommendation 4 are shown here.

The most important of these is that spaced practice actually be done – there is a lot of evidence supporting its effectiveness.  The graph on the right, for example, shows that medical students show much better long-term retention of information that is studied in a distributed manner.

Current approaches to prepare for NDE performance testing tend to involve massed practice on samples in the week or days immediately preceding the test – a ”cramming” approach.

As mentioned previously, implementation issues need to be considered regarding practice samples, how many are available, the location of the testing, and oversight.





Recommendation 5

• Develop a protocol for laboratory practice that incorporates feedback to the 
trainee concerning their performance addressing (1) performance accuracy, 
(2) process of examination, (3) how the trainee can monitor their own 
performance, and (4) increasingly difficult problems to challenge the current 
trainee skill level. 

• Applicable Learning Principles: Feedback, Proficiency and Expertise

Instructor Learner Practice Application
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The last practical recommendation addresses the issue of feedback.  Lab practice should be done in a setting where trainees can receive feedback from supervisors.

As the gaphic shows, there are a number of feedback pathways, from the practice testing, to knowledge application in the field, that feeds back to both the learner and the instructor.

Learning theory suggests that feedback be provided to address the trainee’s performance accuracy, their process of conducting an examination – i.e., how they are doing what the task, and also how they can monitor their own performance – task behaviors they can watch for.  Feedback should not be confused with praise – feedback is meant to be task-specific, and it has been shown that non-specific praise does not improve task performance, and may yield a false impression.



Recommendation 5, Considerations

• Considerations
 Laboratory practice for UT procedures permits the opportunity to provide more 

feedback concerning performance 
 Feedback not only about performance accuracy – whether the flaw was correctly 

detected and sized – but also about how the trainee performed the task, and how they 
can monitor their own performance to ensure proper task completion 

 More intensive for early trainees who will require considerable oversight, while in the 
latter periods of lab practice, less scrutiny would be necessary 

 Feedback provided by Level III supervisors might address how such examination 
procedures would be performed in the field, and practical considerations that are 
typically encountered in operational settings 

 Graduated levels of difficulty for the practice specimens will permit the trainer to 
challenge the current skill level of the trainee, so that current knowledge is pushed and 
extended 
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Some of the considerations regarding feedback are shown here:

Lab practice provides an opportunity for more feedback than is currently given in performance testing.

It can help to shape the process of NDE task performance.

It is likely that early trainees will need more intensive oversight, while later in the process it could be reduced.

Feedback might also incorporate discussions of how examinations would be performed in the field, and issues encountered in operational settings.

Lastly, by incorporating graduated levels of difficulty in lab practice, skill levels can be challenged and enhanced.



Summary

• Time requirements exist to ensure that trainees have sufficient opportunity to 
experience and perform their job tasks at an acceptable level of proficiency so 
that they can work unsupervised – the “journeyman” level of performance 

• Difficulty with NDE Level II experience is defining exactly what “proficiency” 
means
 Currently, passing the performance demonstration test after the required amount of 

field experience is one way to demonstrate proficiency.

• Changing one of the core aspects of proficiency development – e.g., field 
experience hours, should be carefully evaluated and addressed 
conservatively 

• Increased laboratory practice is commensurate with guidance from the 
literature 
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Summary, continued

• Reducing field experience, however, is a more challenging issue 
• Reducing field experience to 80 hours provides only a token amount of time 
• More appropriate would be to ensure that field experience actually does 

provide adequate time to observe and execute UT examinations under 
supervision, and that this is done frequently enough to develop operational 
proficiency 

• There is latitude to reduce the overall number of experience hours with a 
corresponding increase in lab practice 
 Proposals should be evidence-based and include a rationale for accumulating 

adequate experience to develop proficient examiners 
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Thank you
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