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Abstract 

 

HOLSTEIN, Ralf: Qualification Profile of Nondestructive Testing Personnel [Dissertation] – 

Technical University of Ostrava, Faculty of Metallurgy and Materials Engineering. –  

Supervisor: Prof. Ing. Jaroslav Nenadál, CSc. Ostrava, 2014. 

Non-destructive testing (NDT) is a tool to inspect complex products such as aircraft, trains, 

power plant and chemical installations, and to identify defects during production, operation 

and maintenance of a unit and - most importantly - it allows the surveillance of a product 

without influencing its intended use.  

While NDT often plays a critical role in maintaining the quality and guaranteeing the safety of 

human and environment, it must be performed with a sufficient reliability. It is state of the art 

to distinguish four major influences on reliability: The intrinsic capability of the method, the 

application conditions, the human operator and the organizational context. This is described in 

a modular model of reliability in NDT. 

In this work the Organizational Context of NDT was evaluated by a review of existing publi-

cations in this field and by drafting of models using the “expert estimation” method. A survey 

within German service inspection companies was performed to study their situation and to 

analyze organizational influences during their work. 

The Organization Context of NDT is characterized by internal and external factors. The Ex-

ternal Context Factors are Safety Culture, Social/Ethical Culture, Market/Financial Frame, 

Regulatory Requirements, and Technical Rules. The Internal Context Factors are described by 

the processes: Business, Information and Delivery. The validity of the Model of External and 

Internal Organizational Contexts was proved by the findings of the survey. 

Improvements for the work processes of the service inspection companies and the training of 

the operators have been proposed.  

Keywords: Reliability in NDT, Modular Model, Organizational Context, Qualification of 

Operators, Characteristics of service inspection companies 

 



 

 

Abstrakt 

HOLSTEIN, Ralf: Kvalifikační profil pracovníků nedestruktivního zkoušení [dizertace] – 

VŠB-Technická univerzita Ostrava, Fakulta metalurgie a materiálového inženýrství - školitel: 

Prof. Ing. Jaroslav Nenadál, CSc. Ostrava, 2014. 

Nedestruktivní zkoušení (NDT) jsou nástrojem kontroly komplexních produktů, jako jsou 

letadla, vlaky, elektrárny a chemické provozy, který má odhalovat závady během produkce, 

provozu a údržby konstrukčních částí. Jako nejdůležitější se jeví, že umožňují monitorování 

produktu bez ovlivnění jeho budoucího využití.  

Protože pro zachování kvality produktu a zajištění bezpečnosti lidí a životního prostředí hraje 

NDT často rozhodující roli, musí být prováděno s dostatečnou spolehlivostí. V současnosti 

jsou rozlišovány čtyři hlavní vlivy na spolehlivost: inherentní schopnosti metody, podmínky 

použití, lidská obsluha a organizační kontext. To je popsáno v modulárním modelu 

spolehlivosti NDT.  

V této práci byl zkoumán, prostřednictvím utřídění publikací dostupných v této oblasti a 

vypracováním modelů za použití metody „odborných posouzení“, organizační kontext NDT. 

V rámci německých poskytovatelů NDT byl proveden průzkum, aby bylo možné studovat 

jejich situaci a analyzovat organizační vlivy během jejich práce.   

Organizační kontext NDT je určován interními a externími faktory. Vnější faktory jsou 

bezpečnostní kultura, sociální/etická kultura, finanční a tržní rámec, požadavky úřadů a 

technické předpisy. Vnitřní faktory jsou popsány obchodními, komunikačními a prováděcími 

procesy. Platnost modelu vnitřních a vnějších procesů byla výsledky průzkumu potvrzena.  

Byla navržena opatření ke zlepšení pracovních postupů poskytovatelů NDT a školení 

pracovníků NDT.  

Klíčová slova: spolehlivost zkoušení v NDT, modulární model, organizační kontext, 

kvalifikace pracovníku NDT, charakteristiky firem poskytujícíh NDT. 



 

 

Kurzfassung 

HOLSTEIN, Ralf: Qualifizierungsprofil von Personal der Zerstörungsfreien Prüfung [Disser-

tation] – Technische Universität Ostrava, Fakultät für Metallurgie und Werkstofftechnik – 

Betreuer: Prof. Ing. Jaroslav Nenadál, CSc. Ostrava, 2014. 

Zerstörungsfreie Prüfungen (ZfP) sind ein Werkzeug, um komplexe Produkte, wie Flugzeuge, 

Züge, Kraftwerke und Chemieanlagen, zu inspizieren und Defekte während der Produktion, 

des Betriebes und der Wartung eines Bauteils zu entdecken. Am wichtigsten erscheint, dass 

sie die Überwachung eines Produktes ermöglichen, ohne seine zukünftige Nutzung zu beein-

flussen. 

Weil die ZfP oft eine entscheidende Rolle bei der Aufrechterhaltung der Produktqualität und 

Gewährleistung der Sicherheit von Mensch und Umwelt spielt, muss sie mit einer ausreichen-

den Zuverlässigkeit durchgeführt werden. Es ist Stand der Technik, vier große Einflüsse auf 

die Zuverlässigkeit zu unterscheiden: Die innewohnenden Fähigkeiten der Methode, die An-

wendungsbedingungen, den menschlichen Bediener und den organisatorischen Kontext. Dies 

wird in einem modularen Modell der Zuverlässigkeit in der ZfP beschrieben. 

In dieser Arbeit wurde der organisatorische Kontext der ZfP durch eine Sichtung der vorhan-

denen Publikationen in diesem Bereich und durch die Erarbeitung von Modellen unter Nut-

zung der Methode der "Expertenschätzung" untersucht. Eine Umfrage innerhalb deutscher 

ZfP-Dienstleister wurde durchgeführt, um ihre Situation zu studieren und organisatorische 

Einflüsse während ihrer Arbeit zu analysieren. 

Der organisatorische Kontext der ZfP wird durch interne und externe Faktoren bestimmt. Die 

externen Faktoren sind die Sicherheitskultur, die soziale/ethische Kultur, der finanzielle und 

marktbestimmte Rahmen, die Forderungen von Behörden und die technischen Regelwerke. 

Die internen Faktoren werden durch die geschäftlichen, Kommunikations- und Ausführungs-

prozesse beschrieben. Die Gültigkeit des Modells interner und externer Prozesse wurde durch 

die Ergebnisse der Umfrage bestätigt. 

Verbesserungsmaßnahmen für die Arbeitsabläufe von ZfP-Dienstleistern und die Ausbildung 

von ZfP-Personal wurden vorgeschlagen. 

Schlüsselwörter: Prüfzuverlässigkeit in der ZfP, Modulares Model, Organisatorischer Kon-

text, Qualifikation von ZfP-Personal, Kennwerte von Firmen der ZfP-Dienstleitung. 
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1 Introduction 

The safe operation of many complex products such as aircraft, trains, power plant and chemi-

cal installations requires an appropriate degree of risk management. 

“The design and serviceability of a component is the basic for safety. Concepts like Safe-Life-

Design, Damage-Tolerance and In-Service- Damage Indicators are common precautions to 

handle the risk.” [1]. 

“A key tool to gain reliable information about the actual integrity of systems and their com-

ponents is called Non-Destructive Testing (NDT) or Non-Destructive Evaluation (NDE)” [2]. 

NDT identifies defects during production, operation and maintenance of a unit and - most 

importantly - it allows the surveillance of a product without influencing its intended use. 

NDT-techniques using optical methods, electrical fields, ultrasound or x-rays have been de-

veloped during the last 100 years and are used daily in a wide range of industrial applications. 

Examples of Non-destructive Tests: 

 Wall thickness measurement on pipelines 

 Radiographic testing of welds 

 Dye penetrant testing of turbine blades 

 Visual Inspection of Turbines using Video Endoscopes 

 Inspection of crane hooks using magnetic fields 

Non-destructive testing is needed in all spheres of modern life. It has shown its capability to 

prevent risks and accidents, to save lives and protect the environment. Specialized institutes, 

equipment suppliers and service inspection companies offer test applications adapted to al-

most every detection problem. 

Demands on the capabilities of nondestructive tests are rising because many modern construc-

tions are designed to be lightweight and use as little material as possible. Such design consid-

erations are often connected with fabrications or products close to the load limits of the mate-

rial, where the highest quality levels have to be ensured during production and operation. 

“The NDE role is diverse and ranges from quality assurance of products and systems pro-

duced to critical roles in risk analysis and structure integrity assurance in the life cycle man-

agement of modern structures and systems.” [3]. 

Although NDT has been used for more than 100 years, for a long time systematic research of 

detection capabilities and the reliability of the method was not performed. It was just accepted 
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that it is possible to detect typical flaws under optimal conditions and not all defects are de-

tectable. A combination of multiple test methods and repeated tests have been used to com-

pensate for suspected blind spots and weaknesses. These principles are still valid today. 

With the introduction of fracture mechanics in the design of components, there was an urgent 

need to understand the capabilities, limitations and reliability of NDT. During the 1970’s a 

small community of scientists started to evaluate of the reliability of NDT, the influencing 

factors and methods for optimization. This work was focused on applications, where failure of 

materials and/or components could have fatal effects. The aircraft, railway and nuclear indus-

tries were typical areas since these fields are closely related to public safety. In addition, ac-

tion was required by the national authorities, and funding was made available for research. 

Today we know a lot about the Probability of Detection (PoD) of flaws, about the capabilities 

of Human inspectors and how to apply an NDT technique in an optimal way. A scientific 

model was developed and improved. “The POD-qualification of NDE methods applied to air-

plane components is mandatory worldwide [4].” Current research is dealing with model as-

sisted simulation to reduce the number of costly experiments, and psychological methods are 

in use to evaluate the influence of human operators. 

The research was mainly done in laboratories and institutes, on samples with artificial flaws in 

an experimental environment. 

A current task is to evaluate, whether the results of these experiments are valid in the real 

working environment with real defects, cracks and flaws. There is also a need to investigate 

the conditions in areas other than those which are public safety related. The equipment used, 

the material tested and the defect limits may be comparable, but the way how NDT is orga-

nized and performed is probably different, since safety awareness, in depth knowledge about 

NDT on the customer site and the applicable financial constraints are not the same. 

This dissertation is focused on how work is organized, providing a sufficient reliability level 

within companies, offering to perform non-destructive tests as a service. This knowledge can 

be used to optimize training of operators and supervisors and to modify standards in this field. 

The scientific community benefits from the knowledge to design further experiments closer to 

reality and to improve the reliability models. 
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The structure of this work is as follows: 

Part 1  offers a general introduction to the field of Nondestructive testing and its reliability. 

Part 2  is a description of the purpose and need for this work. 

Part 3  establishes the current state of research from different sources: such as books, jour-

nal papers, conference proceedings and lectures, and describes the factors influenc-

ing the reliability and leading to practical research. 

Part 4  leads from problem description to the research questions 

Part 5  deals with the methodology of the work, and describes the survey, the sampling and 

the instrumentation used. 

Part 6  shows the data of the survey and their processing with statistical tools. 

Part 7  discusses the results, offering a model and validating it with the data of part 6. 

Part 8  summarizes the discussion and offers conclusions. 

Part 9  discusses ideas for further work. 

 

 

Remark: 

On the following pages for a non-destructive test the word “inspection” is often used as a 

synonym. The person holding the level 3 qualification in NDT, which is the highest level of 

competence, is referred to as “supervisor”. The NDT-personnel performing the NDT on-site, 

mainly holding a qualification as level 2 or level 1, are sometimes designated as “operator”.  

This kind of wording is used as current language in most NDT related sources and conse-

quently in this work too. 
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2 Aim of this work 

As previously stated, the availability of reliable NDT services is essential for a modern socie-

ty. 

“Probabilistic safety assessments (PSA) play an increasing role in periodic safety analyses 

and in developing safety improvements for industrial facilities. Human factors (HF) and error 

assessment and prevention are an important part of such endeavours.” [5]. 

Existing studies on Reliability in NDT cover four major areas: 

 intrinsic capability of the method, 

 influences during application of the method, 

 influence of the human operator on the result, 

 influence of the organizational context in which NDT is performed. 

In a thesis about the safety culture in the railway sector the following statement can be found: 

“…too little attention in the past for human factors and too many on technical issues. At least 

up till the last years.” [6]. This observation can apply to NDT in general, measured by the 

numbers of studies and publications in this field. 

Sources dealing with the organizational context of NDT and its influence on the human opera-

tor are very limited. While some publications mention this influence within single statements, 

it moved in to the focus after the 4
th

 European-American Workshop on Reliability in NDT [7]. 

But how to evaluate an organizational context? Is it possible to design an experiment about 

this? 

“For example, the extent to which the full panoply of environmental conditions is represented 

often distinguishes laboratory from industrial or other "real-world" research, and there are 

likely to be dramatic differences between the number and the influence of the environmental 

variables extant.” [8]. 

“Team specific factors like communication or hierarchy, extra-organizational factors like 

interaction with the regulator and organizational factors like leadership or resources are not 

integrated in HRA, i.e. their risk is not assessed.” [9]. 

To fill this gap, an investigation of influences under real working conditions would be useful! 

But such an investigation, with limited time and resources, must focus on an outcome which 

is representative and of most benefit for this branch of industry. 
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So the idea of this work is to concentrate on potential solutions for companies offering NDT 

as a service to a wide range of customers. These companies use many different NDT-

methods, deal with customers from different industrial sectors and inspect a wide range of 

products. It can be assumed that the requirements on the organization of their work are high. 

They have to be flexible, and will need highly qualified personnel and a reliable structure. 

2.1 Formulation of the Aim 

The purpose of this work is to investigate the fulfillment of reliability demands in selected 

NDT service inspection companies by evaluating the perceptions of the management regard-

ing the processes, conditions and qualification requirements and comparing these with the 

recommendations of literature. 

Therefore, the approach is: 

 to summarize the current stage of research and technique, 

 to identify NDT service providers, 

 to characterize their size and customers, 

 to learn what human resources they offer, 

 to separate the job-specific processes, 

 to evaluate the responsibilities, and  

 to analyze the impact of these findings on reliability. 

2.2 Scientific and practical Need 

A large part of NDT in Germany is performed by companies offering NDT as a service. The 

involvement of such companies in activities other than their daily work, such as standardiza-

tion committees, working groups of the society and scientific conferences, is relatively low. 

Large research organizations, equipment providers, large companies and authorities dominate 

these activities. Hence, it is worthwhile to sample and summarize the experiences and needs 

of these service companies on a scientific level and make them available to the NDT commu-

nity 

For instance one practical outcome of this thesis would be to improve the training of supervi-

sors (Level 2 and Level 3 personnel certified according to ISO 9712) guiding NDT services. 

It is especially important to question, how the service providers gather the qualification of 

their personnel. This is of special importance since according to the results of the work of 

Wassink the service provider plays an important role: 
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“Traditionally the information on reliability of NDT techniques was gathered by the research 

departments of the large industrial companies, or in research programs setup by national 

laboratories or trade organizations. Overtime, these research departments and national la-

boratories have been reduced and now the asset owners mainly rely on the service providers 

to supply them with the background information needed to assess the technological solution.” 

[10] 

Before evaluating the knowledge of such companies we need to understand the basic relation-

ships in their daily work. If one knows these, it is possible to analyze their importance and to 

improve the result of the work. 

The scientific outcome should be a description of a reliable organization of an NDT Job. This 

can be useful for the design of future experiments in the field of the Human Factor influence 

on reliability in NDT. 

A final outcome could be a scientific input to improve the standards for qualification and cer-

tification of NDT-personnel as well as those for the accreditation of NDT-laboratories. 
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3 Current Stage of Research 

3.1 Historic background 

The intensive research of Reliability in NDT started after 1970 in the USA and was paralleled 

in Europe. 

In the USA - within the National Aeronautics and Space Administration (NASA) - the first 

analyses were developed to support the NASA Space Shuttle Program. This work was done 

since there was a significant shift needed away from classical high safety margins, “safe” ma-

terials with a slow crack growth rate and regular maintenance. With this old fashioned con-

cept a shuttle would have been too heavy to lift off and return. The new design was based on 

calculations with fracture mechanics and predictive maintenance concepts. For these calcula-

tions data about the performance of NDE were needed [2]. 

In Europe the construction of Nuclear Power Plants required a so far unknown level of safety.  

Harmonization of inspection was done through prescriptive codes and standards such as 

ASME Section XI and German KTA. 

The major activities in the field of the reliability in NDT have been performed by the follow-

ing institutes: 

 Nuclear Regulatory Commission (NRC), USA 

 Electric Power Research Institute (EPRI), USA 

 Joint Research Center Patton(JRC), EU 

 Nuclear Power Inspectorate (SKI), Sweden 

 Centre for Radiation and Nuclear Safety, Finland 

 Federal Institute for Materials Research and Testing (BAM), Germany 

 Material Testing Institute Stuttgart (MPA), Germany 

 Health and Safety Executive (HSE), UK 

These institutes got their orders mainly from nuclear industries and related suppliers to handle 

the safety of these installations and to deal with inspection problems. 

One key event was the discovery of “Intergranular Stress Corrosion Cracking” 1978 in 

Gundremmingen (Germany) and 1982 in the “Nine Mile Point-1” facility (USA) [11]. These 

cracks where serious for the safety of the installation but very difficult to detect. So a good 

procedure was needed to find such cracks with a very high probability of detection using a 

very reliable system. Europe and USA worked in parallel to get a solution. One outcome of 
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this work was the realization that powerful testing equipment is not a guarantee for a good 

testing result. It seemed to be of the same importance to have experienced and highly quali-

fied operators to get the required results. 

In Europe the Program for the Inspection of Steel Components (PISC) was initiated in 1976. 

The aim of the program was to evaluate the process of detecting and sizing of flaws in thick 

reactor steel components using ultrasonic testing methods. The program had three stages and 

involved 15 countries and some 50 NDT teams [12]. 

The solution was almost the same in both systems: qualify the NDT through a well-defined 

demonstration process. It contained the testing procedure, the equipment and the personnel. 

The American approach was very strict and required a practical assessment of sample parts, 

containing real flaws, under blind conditions. The qualification remained valid while the as-

sessed procedure, team and equipment remained unchanged. 

The European approach was an appropriate balance of technical justifications and practical 

trials. Depending on the on the safety relevance of the component, the structural significance 

of the defects and the purpose of the inspection, different requirements were defined. It also 

separated the qualification of personnel from the qualification of the procedure and equipment 

[13]. 

But the studies also identified influences other than equipment and procedure: 

“During the review of the various projects, statements were found which are worthwhile re-

taining for future reference: there is a large variation in performance between teams of in-

spectors...” [14]. 

Under the title “Human Reliability in Inspection” the PISC part 3 evaluated the influence of 

environment and testing conditions. They found the negative influence on the reliability of 

NDT from fatigue and demotivation connected with long working hours and they observed a 

falling performance of the operator during the shift [15]. 

The United Kingdom Health and Safety Executive followed the work done in PISC 3 and 

ordered different studies to improve the reliability of NDT in British industries. The report 

about the project “Programme for the Assessment of NDT in Industry, PANI (PANI 3)” was 

published 2008. The project was set up with the objective of identifying solutions which will 

allow industry to optimize performance and minimize the magnitude of operator variation in 

the application of manual ultrasonic inspections. A result was that operator performance is 
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related to their ability and personality. It underlined the need of a job-specific training, opti-

mized environmental test conditions, clear and systematic test procedures [16]. 

In Germany the Federal Institute for Material Research and Testing Berlin (BAM) and the 

Material Testing Institute Stuttgart (MPA) performed a lot of studies and research on the reli-

ability of NDT. An interesting report was published in 2009: “Survey about the influence of 

the human factor on the result of non-destructive tests and possibilities for minimizing this 

influence and evaluate the result.” It was ordered from the Federal Office for Radiation Pro-

tection Braunschweig (BfS) and showed a high influence of human factors on the inspection 

results. Perceived time pressure and mental workload are having a negative impact on the 

operator performance. A further result was that a job-specific training and a briefing is help-

ful. The communication between involved organizations and the inspectors were considered 

as highly important [17]. 

3.2 Formula for Reliability in NDT 

Milestones in the work of the scientific community regarding NDT-Reliability have been five 

European-American Workshops about Reliability in NDT between 1997 and 2013. The com-

munity in this field gathered together, offered an overview about the current stage of research, 

reflected achievements and key lessons learned. They supported an active exchange of 

knowledge between the scientists and were place of further development of scientific ap-

proaches. 

During the first workshop in 1997 the different approaches of the USA and Europe regarding 

the inspection reliability have been compared. A first formula was discussed. 

The second workshop in 1999 resulted in an important definition of the reliability. 

Reliability (R) - NDE reliability is the degree that an NDT system is capable of achieving its 

purpose regarding detection, characterization and false calls [18]. 
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The first workshop 1997 in Berlin resulted in a formula [19] that defined NDE Reliability (R) 

as: 

R  { (  )  (  )   (  )}      (1) 

Where: 

IC- the Intrinsic Capability of the system (Physics, technique, equipment), 

AP- the effect of Application Parameters (Coupling, access restrictions, work environment) 

HF- the effect of Human Factors (Skills, knowledge, motivation) 

This formula helped to understand the underlying factors and to design experiments in this 

this field. It showed very clearly that environment and operator are influencing the inspection 

as well as the testing equipment. 

As previously mentioned, fracture mechanics and predictive maintenance concepts need data 

for their calculations. This leads to the question: how can reliability be measured? 

Experimental Specimens with flaws of different sizes and orientations are inspected using 

NDT. The reports of these inspection are evaluated: How many flaws of what size have been 

detected? Are non-existent flaws reported? 

A first quantitative approach is to capture the ROC (Receiver Operating Characteristics) and 

to draw curves (Figure 1). Here the proportion of hits (true positive indications) are evaluated 

against false calls (false positive indications) in a diagram. This diagram is helpful for engi-

neers to evaluate the sensitivity of the NDT-system and to optimize the signal to noise ratio. 

 

Figure 1 Typical Receiver Operating Characteristics – Curve [18] 
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The following Figure 2 shows a second quantitative approach: the evaluation of the Probabil-

ity of Detection (POD) as a function of defect size.  

For this purpose the first step is to draw a curve of the signal amplitude during a hit and the 

related defect size. Using an appropriate statistical model for the data distribution, this dia-

gram can be transformed into a typical POD curve. 

 

Figure 2 Typical Probability of Detection Curve calculated from signal amplitudes [18] 

This kind of diagram is today the main quantitative tool in the evaluation of the reliability of 

NDT-systems. For the engineer it gives indication of what size of flaw can be detected with a 

corresponding probability. Statistical data and boundaries like a confidence bound are often 

added, to show how reliable such a diagram is. To reduce costly experiments it is now possi-

ble to model such diagrams using modern mathematical tools and to prove the outcome with a 

few practical tests. 

“The POD is strongly connected to the topic of risk assessment and probabilistic analyses in 

the assessment of the integrity of components. The probability of failure (POF) is calculated 

based on statistical data for relevant parameters. One parameter that influences POF calcu-

lations is the probability of detection (POD) of a flaw of a certain size. Reliable assessment of 

the integrity of components is an important requirement for reliable and safe operation of 

nuclear power plants and other installations relevant to public safety” [20]. 

But how are all three factors of the Reliability Formula taken in to account? 

Typically the work starts with the design, calculation and modeling of the intrinsic capability 

of an NDT system. This theoretical model is proved and optimized with the real NDT-system 

by inspecting test blocks containing a range of artificial flaws. For further optimization the 

application factor comes in. The inspection progress to testing specimens with real flaws in a 

real environment. After completing this step all knowledge is collected to develop a written 

test procedure for the guidance of the future operators and to guarantee the repeatability of the 

inspection setup. Following a systematic psychological approach it is necessary to train the 

operators on the NDT-system following the test procedure. Finally the overall reliability of 

the NDT-system can be determined by inspecting test blocks under realistic conditions with 

different operators using the proposed NDT-System and following the procedure. 
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During the 4
th

 workshop in 2009 it was discussed that one important influence is missing in 

the Reliability Formula and it had to be extended. Following [9] there is a need to include 

team factors as well as organizational and environmental factors to assess the probability of 

detection in NDT. These factors have been summarized as “organizational context”. Follow-

ing this idea a graphical model was published (Figure 3). This model was designed to under-

stand and weight the different influences as realized by Multi-Parameter-POD, European 

Network for Inspection Quality, PANI and BAM. 

 

Figure 3: The modular reliability model [18] 

What are the current developments in using this model as summarized [21] by the 5
th

 Europe-

an American Workshop in 2013?  

The ROC and POD curves are an improved practice in use for more than 30 years. 

Today the design of those curves is often model-assisted. Through distributions on inputs of 

models a valid distribution of outputs can be found. Another value could be to multiply real 

inspection data with modelled or simulated data to get a better POD estimate in cases, where 

representative specimens are difficult to produce. 

A relatively new tool is the Bayesian approach, where data from multiple sources, like real 

inspections, experiments and calculated data are combined, to gain a higher confidence in the 

POD-curves. 
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An important result of current research regarding the “Application Factor” is a multi-

parameter approach for complex industrial applications. Different parameters of the flaw (like 

depth, size, orientation, roughness) and their influence on the corresponding signal result in a 

complex POD. This kind of POD gives important guidance on which parameters have to be 

observed closely or kept constant. It leads to the selection of probes with selected tolerances, 

well defined coupling conditions, or the mechanical requirements on probe installations. 

At this point we are leaving the common core on the reliability of NDT and the technical is-

sues and concentrate now on the “Human Factor” and the “Organizational Context”. It seems 

very difficult to get a quantitative measure of these factors, so a qualitative approach is often 

chosen. 

3.3 Human Factor 

Non-destructive Testing is until today mainly depending on human operators. There are only 

a few applications, such as the process of manufacturing steel bars and wires, where fully au-

tomated systems scan the product, evaluate the signals and mark flawed areas. In the overall 

picture of NDT this is an rare exception, while even for automated systems a human factor 

influence is present - but in a different way [22]. Even in many production lines NDT is a 

manual process. Tools allow the operator to handle the product, to apply the NDT, but the 

inspection and evaluation of the result are depending on human skills and knowledge. Over 

and above that, while NDT in production lines is often a narrow and well defined process, 

during in-service inspections of components the operator has a much wider range of tasks and 

responsibilities. 

“During the review of the various projects, statements were found which are worthwhile re-

taining for future reference: there is a large variation in performance between teams of in-

spectors...” [14]. 

There was hope that the influence of the operator on the inspection result would diminish with 

the growing assistance of small computers. So a lot of effort was focused on the improvement 

of equipment and procedures. But innovation in the development of NDT-equipment is very 

slow. It takes on average 30 years to bring a new technology to a commercial success [10]. So 

for the near future the operator remains the biggest source of variance regarding the result of 

NDT [22]. 

The scientific community in the field of Reliability of NDT formed the following Definition 

during the Second European American Workshop on Nondestructive Inspection Reliability in 

1999: 
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The “Human Factor” in the context of NDT is, "the mental and physical make of the individu-

al, the individual's training and experience, and the conditions under which the individual 

must operate that influence the ability of the NDE system to achieve its intended purpose." 

[23] 

Let us evaluate the factors of this definition, starting with training and experience. 

One of the oldest and most fundamental concepts in NDT is that operators need Training and 

Experience for their task. This finding was based on experience rather than on scientific re-

search since this concept is common in many occupations. It was also proved by many exper-

iments on Reliability in NDT [24–26]. 

The training and experience concept became the object of recommendations, standards and 

procedures and remains the basis of the reliable job-performance of operators. While at the 

beginning training in NDT was often an on-the-job instruction, it was enlarged by classroom 

training and a formal examination. A certification system was added to survey the perfor-

mance and to have periodical updates of the knowledge. 

3.3.1 Qualification and certification of personnel 

Not long after the discovery of x-rays and the development of x-ray machines as a tool for 

inspection, the widespread industrial application began. As one example – in the year 1921 

German Rail started to x-ray locomotive parts in their workshop in Wittenberge. In 1935 the 

first seminars were offered there to train operators how to handle such tests [27]. Beginning 

1945 several articles in the American publication “Industrial Radiography” discussed the need 

to “register” radiographers after an examination. 

In the 1960s the American Society for Non-Destructive Testing formed a committee to draft a 

recommendation about the qualification and certification of NDT-personnel. In 1961 the first 

radiographer was certified in Canada. During the annual conference of American Society for 

Non-Destructive Testing in 1963, a report was presented under the title “Recommended Ex-

amination Procedure”. A First edition of a “Recommended Practice” for qualification and 

certification of NDT-personnel was published in 1967 and called SNT-TC-1A. Within 

10 years it was spread all over the world and widely used or adapted. It became the basis of 

many national standards or regulations, such as the “Richtlinie A2” of the German Society for 

NDT. The upcoming construction of components for nuclear facilities in the 1970s, requiring 

a new level of constant product quality, supported the wide use of the principles of SNT-TC-

1A. 
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The basic idea of SNT-TC-1A is a definition of three core levels of personnel: 

 The level 1 is a person, responsible for the preparation and operation of the equipment, 

the proper performance of the inspection and the reporting about the result. This person 

is working according to written instructions. 

 The level-2-person is selecting the test technique, defining acceptance criteria, preparing 

instructions for the level 1, interpreting as well as evaluating the results of inspections 

with respect to the applicable standards and codes and also supervising the level-1-

personnel. 

 The level-3-person has the highest responsibilities in the system with an overview about 

all inspection methods and a deep knowledge of materials, fabrication, processes and 

product technology. This person is qualified to select a test method, assume full respon-

sibility for a test facility, validate NDT instructions and procedures, interpret standard 

documents, designate the particular test methods, procedures and NDT instructions to 

be used and provides guidance for NDT personnel at all levels. 

Based on this core idea, minimum requirements for each level regarding 

 pre-education, 

 training hours related to the testing method, 

 industrial experience time, and 

 final examinations 

are formulated. 

The organizational frame of training, examination and certification is also described. 

In the following decades these principles have been modified and improved many times and 

led to the publication of several new editions of the SNT-TC-1A as well as in to the develop-

ment of national and international standards such as ISO 9712. 

Today three core systems are dominating the NDT business. 

A. Employer-independent training, examination and certification 

B. Employer based training, examination and certification 

C. Employer-independent training and examination, certification by employer 

Employer-independent training, examination and certification 

The most important standard in this field is ISO 9712, currently in the edition of 2012 [28]. A 

certification body, independent from the employer of the candidate, is the key element. This 
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body is defining training requirements, approving training facilities, and performing or over-

seeing examinations of theoretical knowledge and practical skills. The candidate has to gain 

sufficient experience on the job prior to being certified. After fulfilling all requirements and 

after receiving authorization by his employer, the candidate is able to get a certificate from the 

certification body. The maximum period of validity is 5 years. A procedure for recertification 

is prescribed. An additional quality measure is, that this certification body has to fulfill the 

requirements of ISO 17024 [29], and is often surveyed by a national accreditation body [30]. 

The advantage of this qualification system is the harmonization of the level of knowledge on 

fundamentals of the method, which is independently examined. It can substantially serve to 

ensure impartiality of operations and reduce the risk of a conflict of interest. The certificate is 

connected to the individual so a new working place or employer is no problem. The certifica-

tion is nationally and internationally recognized without further audits on the company. The 

validity can easily be checked with the certification body. 

Such qualification system is not focused on the knowledge about the products, procedures and 

equipment of the employer, so a job-specific training has to be added as necessary. 

ISO 9712 was introduced 1992, but for many years used only by a few countries, for example 

Japan (70.000 Certificates) and Canada (5.000 Certificates). With the revision in 2012, 

ISO 9712 replaced the comparable European standard EN 473. With this step it can be as-

sumed that more than 100.000 certificates are transferred in to the new system: for example 

approximately 50.000 in Russia, in Germany, France and UK approx. 20.000 each [Source 

EFNDT internal]. Many Asian countries are following this development as well. 

Employer based training, examination and certification 

In this system (SNT-TC-1A) all tasks are performed under the jurisdiction of the employer, 

who designates a responsible level-3-person, to take care of all aspects of the system. The 

Recommended Practice SNT-TC-1A, is acting as a guideline only and must be adapted to the 

company’s needs in the form of a “Written Practice”. All details, such as training hours, re-

sponsibilities of the levels, examination questions and certification schedules are described 

herein. The employer is responsible for the training and examination, collecting all qualifica-

tion data for and, finally certifying his personnel. 

The advantage of this system is the strong focus on the products, NDT procedures and equip-

ment used by the employer, and its flexibility. 
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The disadvantage is that SNT-TC-1A is a guideline - not a requirement - so a customer or 

authority has to check the written practice and its implementation (which requires intensive 

audits), before accepting the qualification system. The certificate automatically becomes inva-

lid when the operator leaves the company. Major limitations are also the absence of training 

requirements for level-3-personnel, and the absence of requirements for periodic refresher 

training to maintain and upgrade technical skills. Significant variations in the minimum com-

petence of NDT-personnel throughout U.S. industry have been observed. 

The use of this qualification system is extensive in the US-American, Asian and Arabic mar-

ket. The Pressure Vessel Code of the American Society for Mechanical Engineering (ASME), 

the world’s most used code in this field, requires the NDT workshop in most cases to have an 

employer-based qualification system. There are about 6.000 ASME-certified workshops 

world-wide and certified individuals are at the least in the same order of those under 

ISO 9712 certification. A notable problem is the lack of impartiality. It is common for level-3-

personnel to be required to hold additional certificates issued by an independent (third party) 

certification body. So the American Society for NDT is offering such certification for level-2 

and level-3-personnel, the American Society for Mechanical Engineering is presently devel-

oping its own 3
rd

 party certification program. 

According to latest changes in the Pressure Vessel Code, workshops are now allowed to quali-

fy their personnel according to ISO 9712. This will significantly reduce the use of 

SNT-TC-1A in future. 

Employer-independent training and examination, certification by employer 

A special exception is in the case of the qualification of NDT personnel in the Aerospace-

sector according to EN 4179 / NAS 410. Here training and initial examination are performed 

under the responsibility of an employer designated “responsible Level 3”, either in-house or 

through authorized training institutes (authorization is granted by a “National Aerospace NDT 

Board” or Aviation Authority). The employer of the candidate adds a job-specific training and 

examination also under the control of his responsible level 3. The employer then authorizes 

the NDT operator to perform well defined tasks. The term certification is not used in this case. 

Note: The term “Certification” is used differently in Europe and USA. In the English lan-

guage a certificate is a (third party-) document containing specific compliance statements, and 

in the European Union this is a document issued by an independent certification body. 
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3.3.2 Additional influences on the Human Factor 

The introduction of concepts for training, experience and certification have greatly improved 

operator performance. Many authorities, customers and users in NDT believe, that certified 

operators are the solution to all human factor problems. The common (mis-) perception is that 

a certified operator working with modern equipment is a guarantee for perfect results. 

This perception could not be proved by research. Relevant studies showed that there are addi-

tional influences, characteristics and attitudes which have to be taken in to account. 

In 1983 Swain [24] was defining performance shaping factors (PSFs) as those factors having 

the most effect on performance. He is distinguishing between factors external to the person 

(work environment, equipment design, written procedures and oral instructions) and internal 

factors which represent the individual characteristics of the person (skills, motivations, expec-

tations). He also mentions that demands that are placed on the operator by the system that do 

not conform to his capabilities and limitations can lead to stress and that stress is one of the 

most influential PSFs. 

The PISC III program [15] proved that flaw detection rate of operators can vary significantly 

with differences in technical skills. A number of errors occurred for other reasons, such as the 

loss of concentration and vigilance arising from fatigue. Another interesting finding is, that 

there appears to be an initial period of adjustment during which none of the inspectors 

achieved maximum performance, while working under industrial conditions. Finally the de-

tection performance of some of the operators deteriorated during the experiment due to fa-

tigue or demotivation. 

The PANI 3 study of 2008 [16] revealed, that operator performance is also related to individ-

ual capabilities. Good performance was associated with high mechanical comprehension and 

lower scores on personality scales measuring original thinking and cautiousness. The influ-

ence of these ability and personality measures on inspection performance was stronger than 

the years of experience in undertaking ultrasonic inspections. 

The Federal Institute for Material Research and Testing, Germany, reported 2012 about their 

findings regarding Human influence on the inspection of copper canisters for nuclear waste 

[22]. They found that psychological effects like perceived stress, demands of a task, working 

in teams and the design of testing instructions influence the result of inspections significantly. 

It has to be recognized that influences other than training and experience have a significant 

impact on the operator performance. 
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Handling of Human Factor 

As a matter of fact, in the past “Human Factor” was considered mainly as a source of er-

ror [31]. There was intensive discussion how to avoid errors. Unfortunately a major finding 

was, that this is impossible. Latorella states that human operators are organic mechanisms 

with failure rates and tolerances analogous to hardware/software elements of a system. For 

him, human error is a term for normal human behavior in challenging environments. The only 

solution is to design systems that are tolerant of human errors. The key phrase is “Managing 

human errors”. A number of precautions are proposed: 

 provide user with appropriate information 

 provide information in redundant and simplified forms 

 check the integrity of input data 

 contain provisions for detecting erroneous actions 

 provide a forgiving environment 

The “Human Error Approach” was valuable to find the limits of operator performance. For a 

more complete understanding of the nature of performance the view must be broadened.  

A deeper view on the capabilities of operators shows: 

 The operator is also a valuable source of flexibility, adapted decisions, able to forecast 

developments and to decide out of experience. 

 The operator is not the only person influencing the performance of a non-destructive 

test. There is also the influence of a team, compromising a supervisor, management and 

a customer. 

 The operator has to be supported with training to gain knowledge and skills for his job. 

Summary 

Since many years the knowledge, skills and experience of operators in NDT are examined, 

developed and formally proved in qualification systems. It is common that operators are certi-

fied. The different certification systems have pros and cons. A combination of central and 

employer based systems seems to be the future. After receiving a certificate confirming gen-

eral knowledge from a certification body, the employer is responsible for performing job-

specific training. The 2012 edition of ISO 9712 describes the qualification and certification 

system in this way [28]. 
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In addition to the qualification of operators, their motivation and attitudes also influence the 

inspection reliability. Management is well advised to take this in to account during the selec-

tion of operators and the design of work processes. 

NDT-inspection-processes have to include measures to avoid errors as much as possible and 

to deal with possible errors: clear instructions, double check of data and work in teams, as 

well as under qualified supervision. 

3.4  Organizational Context 

Starting from the evaluation of accidents and incidents Fahlbruch [9] stated that “Human fac-

tor” refers to all that needs to be controlled to obtain reliable human performance: 

 Human (qualification, characteristics) 

 Team (behavioral standards) 

 Technology (design) 

 Organization (structure, procedure) 

 Environment (regulator, work place) 

Following this discussion, the Modular Model (see fig. 3) was modified in 2009, summarizing 

the Team, the Organization and the Environment as the “Organizational Context”. 

At the beginning a statement of one of the most comprehensive publications in this field 

should describe the situation: 

“The literature review concluded that the "organisation" can often be overlooked during in-

vestigation into operator performance, but can have the greatest influence on individual and 

group behaviour.” [16] 

In the sense of the Quality management standards the term Organization means: “Group of 

people and facilities with an arrangement of responsibilities, authorities and relationships” 

[32] 

In the studies of Reliability of NDT the word “organization” is used with different meanings, 

on the one hand for a “group of people or facilities” and on the other hand to describe how 

these responsibilities, authorities and relationships are organized. So the standard terms “or-

ganization” and “organizational structure” are summarized. 

Research about the organizational context has been performed during the evaluation of Hu-

man Factors and Human Errors. One source was the work done in Aviation Maintenance, the 

other in the nuclear industries. 
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3.4.1 Publications about the organizational Context 

In 1983 Swain [24] gives a first idea about the influence of organization on operator reliabil-

ity. He describes the organizational structure as authority, responsibility and communication 

channels. In this structure, actions by supervisors, coworkers, union representatives, and regu-

latory personnel takes places. He is highlighting that some of these actions have technical 

consequences. 

In 1998 Pont et al [8] again found that the social environment, which includes managerial 

practices, is highly influential on inspection performance. In this work the social environment 

is defined as interaction of coworkers and managers, the managerial factors as rules, stand-

ards, cooperation, and support, and the degree of organizational bureaucracy. A major point of 

this influence is operator motivation as a critical variable. A task of the management is to 

maintain the motivation of the operators, taking in to account different types of individuals. 

Kettunen in 1996 complains that that a good and coherent picture of human and organization-

al factors influencing the reliability of NDT operations is still missing [33]. 

Four years later, 1999, a literature study for the Swedish Nuclear Power Inspectorate [34] 

analyses existing studies regarding operator, organization and work conditions. They summa-

rize that a deep impact of those factors is proved through many publications.  

An interesting part is the discussion about the consequences of the “discounting of future con-

sequences”. This discussion is dealing with the motivation of an operator, if finding a flaw 

produces trouble, missing a flaw is presumably stressless. This seems to be the situation dur-

ing some inspections in power plants, when finding a flaw is primarily seen as a problem con-

nected with costly repairs. The safety aspect of avoiding dangerous incidents is not regarded. 

Another part deals with the importance of close feedback systems for the operators. It is seen 

as a precondition for gaining positive experience and it has to be managed. To receive this 

feedback, a communication between team members, 3
rd

 party inspector, and customer needs 

to be established. 

Interesting is also a view on organization in this study. They offer two levels of organizations: 

A macro-level of organization with different entities like plants and contractors, and a micro-

level where the entities could be seen as different responsibilities and tasks. 

In 2000 a publication from Lattorella [31] in the field of aviation maintenance and inspection 

states that the organizational environment is important and is receiving increased attention in 

aviation maintenance. 
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His view of organizational context is, that this context is set by personnel in the organization 

of the company, as well as by external agencies, manufacturers, and component vendors. 

Organizational factors are e.g. definition of work groups, reporting structures, payoff struc-

tures, and issues of trust and authority as well as organizational structure, people manage-

ment, provision of quality tools and equipment, training and operator selection, commercial 

and operational pressures, planning and scheduling, maintenance of building and equipment, 

and communications. 

The following functions on the organizational level are seen: 

 Provide a schedule of all activities during inspection 

 Provide quality control and assurance of the inspection and maintenance processes. 

Quality assurance functions include: auditing inspection and maintenance activities for 

errors and examining record keeping. 

In 2008 the most comprehensive publication regarding organization has been published in the 

frame of the program PANI 3 [16]. Here a first experimental approach was followed in per-

forming a workshop with operators and on-site-visits. 

The major findings have been: 

 The importance of a clear definition of responsibilities of the operators, 

 A positive organizational (safety-) culture is needed, where avoiding plant failures is re-

garded. (“operators are aware of, and influenced by, the pressure to report a clean bill 

of health considering the costs and time delays to the operation of plant if a defect is 

found”) 

 The preparation for the inspection regarding the arrangements for safety, access and 

plant condition should not be the task of an NDT-operator 

 Organization or customer should provide of a good inspection procedure 

 Adequate time for the inspection is needed to complete it safe, accurate and reliable 

 The results will never be optimum, if management sees only the expense for inspection 

process 

 Possible problems following weak organization are lack of information, inadequate 

preparation, poor access and working conditions, unreasonable time pressures and bad 

payment 

Finally a “Code of Conduct” for Industrial Plant Owners has been proposed, developed and 

published. 
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In 2010 Müller et al [17] witnessed during their practical experiments that the influence of the 

organization on the inspection result is highly significant. The mental workload of the inspec-

tors increased, when they considered the inspection tasks as imprecisely defined, the docu-

mentation as complicated, the working conditions as inadequate, and when they felt insuffi-

ciently prepared for the tasks.  

Their proposals where: 

 A comprehensive preparation and briefing of the inspectors, including a special training 

and a demonstration of performance. 

 Inspection supervisors should be responsible, that the conditions enabling correct in-

spection were kept. 

 Complex in-service inspections should be performed by two inspectors independently 

In 2012 the German “f-bb Institute for Vocational Education and Training” in Nürnberg [fbb] 

published a report “Investigation about new and modernized vocational profiles and a voca-

tional group principle for technical testing professions” [35]. They combined methods of 

empirical social research (work place observation), quantitative expert interviews, literature 

analyses and the use of very different knowledge sources to analyze the typical activities of 

operators in the field of NDT (and other testing professions). For this evaluation about 

200 companies, performing NDT in Germany, have been interviewed, following 5 case stud-

ies and a series of workshops and expert panel discussions. The outcome was the description 

of competencies for a new profession: “System Technician”, which was in 2013 introduced in 

to the German System of Professions. 
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The report identified six main fields of activities: 

 

Figure 4 Ideal Work Process Cycle on Testing technology Work Places [modified from 35]  

Figure 4 seems to be a good description of the core job from the operator point of view. An-

other interesting observation was, that the job of operator differs significantly depending on 

the field of application: 

 In Service Inspection Companies: High flexibility is required to adapt to frequently 

changing customers, inspection tasks and work environment. 

 Companies, acting as manufacturer or facility owner: Fewer variable tasks because of 

strong company rules, stabile teams, and the possibility to develop routines. 

3.4.2 Summary 

The selected publications confirm the influence of the organizational context on the reliability 

of NDT. Following the introductory citation, taken from Fahlbruch [9], the influencing items 

are summarized under her headlines: 

 Organization: 

 Management 

 Definition of rules and responsibilities 

 Planning and scheduling of activities 

 Reporting structure 
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 Quality management (inspection, maintenance, auditing) 

 Human: 

 Qualification 

 Attitudes 

 Preparation and briefing 

 Payment 

 Feedback 

 Motivation 

 Team/behavioral standards: 

 Positive culture, valuing the inspections contribution for public safety 

 Cooperation and support between co-workers 

 Issue of trust by management 

 Communication channels 

 Technology: 

 Equipment and infrastructure 

 Standards, procedures and instructions 

 Environment: 

 Cooperation with customer, authorities, 3rd parties 

 Stressors: commercial and operational pressure, adequate time 

 Safety, access, plant condition 

The above evaluated publications about the organizational context explain that some issues 

are influencing the human reliability. It seems difficult to quantify the amount of influence of 

every item, since there is no qualitative or quantitative statement about this. 

3.4.3 Norms for NDT-Organizations 

There are two types of standards and codes dealing with the framework of NDT-inspections. 

One type is product/sector related, such as power plant or aircraft, the other typically laborato-

ries/inspection bodies. For the purpose of this work, only some major regulations are dis-

cussed. 
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Product or industrial sector related 

ASME [36] 

The ASME Boiler and Pressure Vessel Code (ASME BPVC) is a construction standard which 

is generally accepted in USA and in many other American, Asian and Arabic countries. The 

code allows that the manufacturer may perform many quality and safety related activities by 

himself. In the ASME BPVC two sections are dealing with NDT, Section V as the central 

section for the NDT methods, and Section XI for in-service inspection of nuclear power plant 

components. 

The “owner” has to maintain a quality manual or procedure that meets the requirements of the 

code, showing the plans to fulfill his Code responsibilities, for NDT designating the pre-

service inspection requirements. An “Authorized Inspector” is required, who has the duty of 

verifying that all inspections have been made to the requirements of ASME BPVC and the 

referencing documents. The other elements of NDT covered by the code are qualification of 

personnel, NDT-procedures, methods, equipment, and demonstration of performance. 

 It is required, that the qualification of personnel is in accordance with their employer's 

written practice. 

 A written procedure for the NDT is requested 

 A procedure demonstration shall be performed to the satisfaction of the “Inspector”. 

 A demonstration may be used to verify the ability of the operator to apply the proce-

dure. 

 At least one copy of each procedure shall be readily available to the operator. 

The fulfillment of these requirements is checked by audits organized through ASME and au-

thorized inspection agencies. 

PED [37] 

In Europe the Pressure Equipment Directive (PED) 97/23/EC establishes a legal framework 

for the production and delivery of pressure vessel. The manufacturer must operate an ap-

proved quality system for production, final inspection and testing. Other than the ASME 

BPVC it requires in many cases the involvement of recognized third-party organizations for 

the approval of personnel and procedures, as well as for regular control of the products. 
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Paragraph 3.1.3 states, that non-destructive tests of permanent joints must be carried out by 

suitable qualified personnel. For pressure equipment in categories III and IV, the personnel 

must be approved by a third-party organization recognized by an EU member state. 

The manufacturer has the possibility to follow different routes for showing the conformity of 

his product to the rules. The routes are called “modules”. 

In module H “full quality assurance” he is required to maintain quality records, such as in-

spection reports and test data, calibration data, reports concerning the qualifications or ap-

provals of the personnel concerned, particularly those of the personnel undertaking the per-

manent joining of parts and the non-destructive tests. 

For the NDT method itself the PED contains no specifications, since “harmonized” European 

standards exists in this field. If they are followed, the conformity to the PED is presumed. Of 

special importance for NDT on pressure vessel is EN 13445-5:2009 [38]. Regarding organiza-

tion of NDT again the qualification of personnel according to ISO 9712 is required, as well as 

an inspection plan, a written procedure and final documentation. If a sub-contractor is used 

for some tasks, the same requirements apply and remain in the responsibility of the manufac-

turer. 

KTA 3201.4 [39] 

In the rules of German Nuclear Safety Standards Commission for Nuclear Power Plants, 

comparable requirements as in the ASME BPVC can be found: Qualification of personnel, 

documentation, procedures, performance demonstration etc.. 

Very interesting is the part 7 “Preparation and performance of tests”. For the first time during 

the literature review a statement about the working conditions of NDT-operators was found. 

The conditions (time pressure, ambient temperature, noise, radiation) shall be such that nega-

tive influences on the quality of the inspections are avoided. The time schedule and sequence 

of inspections shall be planned accordingly. 

The preparation of the inspection shall respect the general organization (employment of in-

spection personnel, radiological protection), required equipment and preparation of the exam-

ination areas. 

The NDT personnel shall be provided with task specific instructions, and shall recognize the 

appearance of operational defects and conditions limiting the inspection. 

Supervisor, plant owner and authorized inspector are made responsible for the correct perfor-

mance and evaluation of the inspection. 
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With these requirements, KTA 3201.4 is one of the most advanced regulations regarding or-

ganizational context of NDT. One of the reasons for this may be the incorporation of recom-

mendations of current studies in evaluating the “Human Factor” [17]. 

Standards for laboratories/inspection bodies 

Two standards in this field are of importance for the performance of NDT: EN 17025 and 

EN 17024. They are not NDT-specific but often used for the accreditation of NDT-

laboratories. The requirements within these standards are supplemented by NDT-specific ac-

creditation guidelines for NDT-laboratories, such as EA Guide 15. The following discussion 

is not a comprehensive interpretation of these documents, but focuses on Human Factor and 

Organizational Contexts. 

EN 17025 [40] 

This standard deals with general requirements for the competence of testing and calibration 

laboratories. It describes the necessary personnel and technical resources, documents and pro-

cesses, including intensive quality management. 

Interesting requirements regarding the organizational context are: 

 Independence of the lab and its personnel from undue commercial, financial and other 

pressure 

 Specification of personnel responsibilities, authorities and interrelationships 

 Adequate supervision of operators 

 Awareness by staff of the relevance and importance of their activities 

 Establishment of appropriate communication inside the lab and with customers, includ-

ing feedback 

 Maintenance of a failure management system 

 Opinions and interpretations on test results are allowed but shall be marked, dialogues 

with customers should be written down. 

EN 17025 is a very good basis for the performance of non-destructive tests. It is covering a lot 

of recommendations regarding the factors influencing reliability of NDT as described in liter-

ature. 

EN 17020 [41] 

This standard contains general criteria for the operation of various types of bodies performing 

inspection. An inspection is much more than a measurement: After performing several tests a 
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report is prepared, combining the results and offering conclusions. While a laboratory accord-

ing to EN 17025 has to be independent, for the inspection body a level of independence is 

given by the category type: A, B or C. Only type A is fully independent and a public service, 

the other types belong to the organization commissioning the inspection. 

With respect to Human Factors the following requirements are to be fulfilled: 

 The personnel shall be free from any commercial, financial and other pressures which 

might affect their judgment 

 A definition and documentation of the responsibilities and reporting structure 

 Each position category affecting the quality of the inspection services shall be de-

scribed, including the requirements for education, training, technical knowledge and ex-

perience. 

 Inspectors need to have relevant knowledge of the technology used for the manufactur-

ing of the products inspected, of the way in which products are used, and of the defects 

which may occur during use or in service. 

 They shall understand the significance of deviations found with regard to the normal use 

of the products. 

 A training system for the personnel should be established. The training system should 

include an introduction, a period under qualified supervision and continuous education 

“to keep pace with developing technology”. 

 The payment of the inspectors shall not depend on the number of inspections carried out 

and in no case on the results of such inspections. 

ISO 17020 seems to be a good addition to the rules described in ISO 17020 regarding further 

interpretation of inspection results. 

EA Guide 4/15 [42] 

This Guide with the title “Accreditation for Bodies performing Non-destructive Testing” pro-

vides technical criteria for the accreditation against ISO 17025 and ISO 17020. Two major 

points are special for NDT: 

1. NDT is often performed not in the laboratory, the inspection takes part on site. This 

has to be covered by the quality system to provide all necessary resources at the place 

of the job and to guarantee that the described procedures are also followed there. 

2. NDT is no measurement in the sense of its definition, it is often a comparison of tech-

nical characteristics using special equipment or a visual inspection only. This leads to 
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special procedures for the calibration of the equipment, often described as verification 

of equipment. A determination of the measurement uncertainty is often very difficult, 

and so not required by this guide. 

The guide is giving very detailed description of matters, influencing the quality and reliability 

of NDT-laboratories: 

 Qualification of supervisors and staff. For all NDT-personnel a certification is required, 

for every method, used including a supervisor with NDT level 3 certification. Non-

permanent staff has to fulfil all requirements as well. 

 The requirements of ISO 17020 regarding product knowledge are repeated because of 

their significance. 

 Test procedures should be supported by written instructions. Procedures need an ap-

proval by a person, holding a level-3-qualification, and written instructions by a person 

with at least a level-2-qualification. 

 Reliability: The organization must check, wither the standard NDT-technique is achiev-

ing the required level of reliability expected by the customer. If a non-standard inspec-

tion method is used, it shall be validated and authorized. It shall be designed to maxim-

ize the likelihood of detecting the defects of specific interest. 

 During reporting the interpretation of test results against agreed acceptance standards 

and determination of conformity is normal practice, and not “opinion and interpretation” 

in the sense of ISO 17025. 

 Special care is to be taken in the use of sub-contractors. Before ordering external sup-

port, an organization has to check the capabilities of the contractor. His staff has to fulfil 

all the same requirements as the permanent staff regarding qualification and responsibil-

ities. The organization has to obtain the agreement of the customer and has to provide 

all necessary information to the contractor. Finally all details of the work carried out by 

the contractor have to be recorded and the test results have to be marked in the reports. 

It is said, that the majority of jobs have to be performed by the organization, and seldom 

be contacted out. 

 Contract Review: This item is dealing with the fact that a contract between NDT-

organization and customer has to contain a lot of technical details to guarantee a reliable 

inspection. Information from the customer is required to confirm what defects are to be 

detected, their characteristics and the acceptance criteria. After review the contractual 

responsibilities of both parties should be clear. 
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EFNDT Guidelines: Overall NDT Quality System [43] 

The European Federation for Non-destructive Testing (www.efndt.org) published in 2008 a 

guideline document about quality in NDT which offers a good overview about quality related 

resources and solutions in NDT. 

The guideline highlights three important factors for quality and reliability of inspection: 

1. Clear specification of the area to be inspected and the types of flaws expected 

2. Required capability of NDT-methods, equipment and personnel for intended purpose 

3. Proper implementation of selected NDT process. 

A quality chain is defined, including research and development, codes and standards, equip-

ment, personnel training, certification, effects of human reliability, influence of auditing and 

surveillance. 

Various elements of the quality infrastructure are summarized and in a recommendation about 

the overall management of NDT the responsibilities of the customer to define clear responsi-

bilities are highlighted. 

3.4.4 Summary 

A number of codes and standards are available, dealing with the organization of NDT or 

which can be used for this purpose. 

For potentially dangerous products, influencing public safety, legal requirements are pub-

lished. The ASME BPVC assigns all responsibility to the manufacturer or owner of the 

equipment, observed by an independent inspector and confirmed by performance demonstra-

tions. The European approach, PED 97/23/EC, places a greater reliance on quality manage-

ment systems and certification processes. German KTA rules contain the most advanced re-

quirements regarding the reliability of NDT.  

Regarding the Organizational Context they all share common requirements for qualification 

of personnel, an inspection plan, a written procedure and final documentation. KAT additional 

deals with measures to avoid negative influences on the reliability of the operator. 

For areas with no special legal requirements, ISO 17020 and ISO 17024 promote confidence 

in bodies performing inspections or tests. Management system, technical competence, validity 

of results, and reports are matter of regulation. Even when an accreditation is voluntary, the 

recommendations of the EA-4/15 Guide are very helpful for the use of ISO 17025/ISO 17020 

in NDT.  

(On the 6
th
 April 2014 the DAkkS, Germany's National Accreditation Body, lists in the field 

http://www.efndt.org/


3 Current Stage of Research 40 

 

of NDT a number of 9 Inspection Bodies accredited according to ISO 17020  

and 134 Laboratories accredited according to ISO 17025.  

[Source: http://dakks.de/content/akkreditierte-stellen-dakks]) 

3.5 Conclusions 

1. The Modular Model, in the form as published during the 4
th

 European American 

Workshop on Reliability in NDE, is still the most advanced approach to visualize all 

important influences. 

2. On the technology side of NDT, the intrinsic capability received most attention and 

is well developed. The research on the application factor is moving forward. Investi-

gations on the influence of different parameters and their tolerances, use of model-

ling and statistical tools will bring new findings. 

3. On the Human Factor side of NDT, the need for training, experience and certification 

is widely accepted. Actual evaluations are dealing with the identification and quanti-

fication of additional influences, such as work environment, communication, per-

ceived conditions and team work. 

4. The Organizational Context is introduced as a factor, but its influence is not suffi-

ciently evaluated. Norms and recommendations in the field of NDT are describe ru-

dimentary rules for the organization of such facilities, but of course important rec-

ommendations from recent studies have not yet been taken in to account. 

http://dakks.de/content/akkreditierte-stellen-dakks
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4 Research questions 

4.1 Problem Statement 

As concluded in the preceding chapter, there is a gap in transferring the knowledge about the 

organizational context in to standards and practice. To reduce the gap it is necessary: 

 to extent and deepen the existing Modular Model in general, 

 to evaluate this extension for a specific field of application. 

It is commonly believed, that Quality and Reliability in NDT is assured through certified per-

sonnel, verified equipment and common standards and procedures. In an advanced approach 

(e.g. ASME PVC XI) equipment, team and procedure together have to demonstrate the capa-

bility to detect the majority of defects in a component mockup. This is done at each occasion 

that permission to work in a facility is sought. 

Current incidents have highlighted shortfalls in these approaches. To underline the problems, 

a particular example which was recently published in the USA is discussed here. Similar 

events could easily be found in in other countries and industrial sectors. 

In March 2012, at the North Anna Power Station in Virginia, USA, a weld on a steam genera-

tor was treated following overhaul program. During this process an unexpected leakage ap-

peared. This was surprising, since just before the treatment an inspection with ultrasonic test-

ing has been performed to confirm the flawless condition of the weld.  

A root cause analysis [44, 45] revealed: 

1. Five axial flaws were missed during prior ultrasonic inspection. 

2. The operator could not access the weld. An unqualified assistant did the scanning, the 

operator watched the signals on the screen. It was impossible to perform the required 

scanning technique with this kind of “team”-work. 

3. The operator did not report the limited access. 

4. The technique (transducer) was improperly selected, and detection of axial flaws was 

almost impossible. 

5. The technique was not qualified as required by standard procedure. 

6. There was no fitting mockup for a performance demonstration or training. 

7. It was known from other facilities, that on similar steam generators such flaws oc-

curred on welds. This fact was not transmitted to the operator. 

8. The plant owner did not perform adequate oversight. 
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This all sounds unbelievable, since this was within the highly regulated area of a nuclear 

power plant. Not all circumstances and details have been published, and it is not within the 

remit of this dissertation to apportion blame. But for this case study it should be allowed to 

assume some facts. 

An assignment of the causes and related considerations on to the five items proposed by Fahl-

bruch et al. shows the following: 

 Organization: 

 Plant owner did not survey the inspection activities 

 Plant owner did not re-check the capabilities of the operator 

 Plant owner was not following the rule requiring a performance demonstration 

 No communication to operator about higher probability of flaws 

 Organizational structure and responsibilities to supervise NDT? 

 Human: 

 Un-qualified person did scanning 

 No proper training for operator 

 Briefing and de-briefing of operator? 

 Team/behavioral standards: 

 Breaking rules was not reported nor surveyed 

 “Team Scanning” senseless approach 

 Acceptance to perform a job without adequate training 

 Accepting consequences of invalid inspection safety culture? 

 Technology: 

 UT-probes: wrong design, improper selection, beam and sound field 

 Wrong procedure 

 Missing mockup 

 Environment: 

 Weld was not accessible as required 

 Situation stressful for operator and assistant 

Only 2 possible causes out of 17 are related to the technology. All the others belong to the 

organizational context of the inspection! This example shows the general need for deeper 

evaluation. This was also recognized by the United States Nuclear Regulatory Commission. 



4 Research questions 43 

 

Their report about research activities in the years 2013 and 2014 stated: “Many reported 

events over the past several years have revealed that there are issues regarding NDE, as it is 

currently being employed in the field, with respect to qualification and certification of inspec-

tors, inspection methods, and inspection practices.” [46] 

As described in chapter 2, the evaluation will be performed in the field of service inspection 

companies, a group of organizations that are required to demonstrate the highest flexibility 

and broadest competence in NDT. In the limited frame of this dissertation it seems to be pos-

sible, to evaluate the organizational context influencing the reliability of their work. When 

this is done, the relationships between their work and the proposals of literature will be evalu-

ated. 

4.2 Questions 

Target of this work is to understand the context in which NDT is organized. This shall be per-

formed as an investigation of influences on the service inspection companies under real work-

ing conditions. 

1. What is the characteristic size, field of activity and structure of service inspection 

companies? 

2. What is the situation regarding qualification and work conditions of NDT personnel 

in service inspection companies? 

3. Who is involved in the organization and delivery of non-destructive tests? 

4. In which way are the results of NDT evaluated and reported? 

4.3 Hypotheses: 

1. Service inspection companies are small and medium enterprises (SMEs). 

2. Their main field of activity is testing of boilers and pressure vessels, as well as in the 

public transport sector. 

3. Every service inspection company needs and holds an accreditation. 

4. There is an almost constant relationship between the number of employed Level-3-

persons and the number of personnel with lower level qualifications that they super-

vise. 

5. Larger companies offer more supervision to their personnel. 

6. All operators, employed at service inspection companies in Germany, provide a qual-

ification according to ISO 9712. 
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7. The majority of operators of service inspection companies are qualified in more than 

3 methods 

8. The operators are free from undue pressure. 

9. Service inspection companies deal with one central partner on the customer side 

10. The customer delivers all important data regarding the inspection to the service in-

spection company. 

11. The operators perform the inspection and resulting evaluation, the report is the re-

sponsibility of the supervisor. 
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5 Methology 

For this work, a descriptive research methodology was used. Samples from a specific popu-

lation of NDT-companies have been selected. A Survey was administered to investigate the 

perceptions of the management regarding the processes, conditions and qualification require-

ments during NDT in the field. The methodical approach is shown below in Figure 5: 

 

Figure 5  Empirical research as an iterative process modified from [47] 

The statistical methods for the exploratory analysis are very often factor, discriminant and 

cluster analysis, typical for confirmatory analysis is the regression analysis. 

The result of the data analysis will be used to interpret the result of the surveys and to accept 

or reject the model. 

5.1 Method 

The term “survey” is defined as “An investigation about the characteristics of a given popula-

tion by means of collecting data from a sample of that population and estimating their char-

acteristics through the systematic use of statistical methodology” [48] 

A strong reason to use a survey was the idea to gain a picture of the real situation. As current 

experiments on the human factor in NDT have shown, it is almost impossible to simulate real 

working conditions. [49] 

“Survey research, where data is sourced from a wide variety of individuals, firms, or other 

units of analysis, tends to have broader generalizability than laboratory experiments where 
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artificially contrived treatments and strong control over extraneous variables render the find-

ings less generalizable to real-life settings where treatments and extraneous variables cannot 

be controlled”. [50] 

For the study of this work, only the tool survey was chosen. Surveys work with questionnaires 

or interviews. Here, the questionnaire was perfect to get a broader response from the selected 

companies. 

“…humans are excellent data integrators; asking operators about some aspects of system 

performance can be much more cost-effective and useful than other forms of measurement… 

[51]. 

Another important reason for the questionnaire was the possibility to reach senior manage-

ment. Such questionnaires can be answered on the internet at any time. Since time is a pre-

cious commodity for the management of companies, it is very difficult to get a date for a per-

sonal interview. 

Also important seemed to be the perceived confidentiality of the questionnaire since some of 

the questions are of a sensitive nature and not every company is willing to give details about 

their turnover, number of specialists, or quality threats. 

For the discussion of the influence of different factors on the reliability of NDT the method 

“Expert Estimation” was used. This method is well known in the field of determining the 

uncertainty of results called “Method B” by the National Institute of Standards and Technolo-

gy (USA) [52] or published in [53] as the fifth method for the characterization of test and 

measurement methods, called “orderly estimation of result uncertainty based on knowledge 

and experience”. Kromidas states in his publication that recent experience indicated that this 

method delivered results very close to the expectations of practitioners.  

According to the NIST Technical Note 1297A [52] the method works as follows: 

“Type B evaluation of standard uncertainty is usually based on scientific judgment using all 

the relevant information available, which may include: 

 previous measurement data, 

 experience with, or general knowledge of, the behavior and property of relevant materi-

als and instruments 

 manufacturer’s specifications 

 data provided in calibration and other reports, and 

 uncertainties assigned to reference data taken from handbooks.”  
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The uncertainty chain of NDT is composed of different factors as described in the Modular 

Modell (see chapter 3.2). The uncertainty of the factor Intrinsic Capability could often be es-

timated by using statistical methods (Method A according to NIST). For other factors in NDT 

sufficient statistical data are not available in most cases, so Method B is the remaining possi-

bility to provide reliable data.  

This thesis is dealing with the influence of Human Operators and Organizational Context. 

Relevant information for the surveyed factors are: 

 result of experiments as published in literature 

 specifications as published in standards, codes and recommendations 

 experience of the author as expert for qualification and certification in NDT 

These sources need to be evaluated, the results combined to make a contribution for the est i-

mation of uncertainty. 

5.2 Sampling 

The population of organizations involved in NDT is difficult to describe. There are users, 

suppliers, authorities, researchers and so on. An approach to get a systematic overview could 

be the structure of the member groups of an NDT society. For instance the members of the 

German Society for NDT are organized like this: 

1. Authorities, Societies, Research, Training Institutes 

2. Producers and suppliers of testing equipment 

3. Testing Services and Institutes 

4. Material producing Industry 

5. Energy Business 

6. Chemical Industry 

7. Automotive, Mechanical Engineering, Shipbuilding 

8. Railway 

9. Aerospace 

10. Civil Engineering 

For a simplification it can be concluded that there are users and suppliers of NDT plus inter-

ested parties. 

For this work, the research was limited on the German market to get an amount of companies, 

which could be handled in a single study. 
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A part of the German market is organized within the German Society for NDT. At the end of 

2012 the Society had 640 corporative members. [Source: www.dgzfp.de/member area] 

These members are easily accessible for a study since their addresses and field of activity are 

known from the member-data-base. With this limitation, it is not a real random sample since 

an unknown amount of companies in Germany is active in NDT but not all are member of the 

Society. 

For this thesis it was necessary to decide whether it made sense to draw a random sample out 

of all members of this society, or to concentrate on a group with common characteristics. 

Since the target is organization of NDT it can be assumed that there are differences between 

the member groups. Firstly the “interested groups” and “equipment/solution suppliers” can be 

excluded since they are not performing NDT. The remaining groups of “NDT-users” in dif-

ferent industrial sectors will surely have commonalities and differences. Only the Service In-

spection Providers are active in all sectors. So it was decided to concentrate on this group and 

to evaluate their work. 

Scope: The survey is limited to companies offering NDT as a service and being member of 

the Society. This limitation offers also comparable working conditions in between the compa-

nies. 

Remark: A search in the internet reveals that almost every hit with a company offering NDT 

in Germany holds a membership in the German Society for NDT. 

The next question is how many service inspection companies exist? 

 A private study of Frost and Sullivan stated that in 2010, the estimated number of active 

competitors in the world NDT inspection services market was over 1,000 [54]. 

 The member catalog of the German Society for NDT shows 206 members in this group 

[as of January 2014]. A closer look on these members reveals that there are many com-

panies in this group offering services like consulting, software supply and materials. 

 Eliminating those from the sample list, 94 companies remain, those offering a broad 

range of NDT-services. All 94 companies have been invited to participate in the survey. 

5.3 Instrumentation 

Following the instruction of [51], a questionnaire in the field of Human Factors Testing 

should follow some rules, which have been applied here: 

http://www.dgzfp.de/
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1 - A statistically representative sample size must be employed. 

What is the minimum scope of a random sample with counted values? 

Following the Idea, that the value of sample size n reaches his maximum for a percentage of 

50% in the population N the following formula applies for the confidence interval 95% 

 ̂  
 

     
  [55] 

Where:   ̂= maximum sample size 

 a = Percent of sample  

 N = Population size 

If the population is 94 comparable companies: 

 ̂ = 48: for the confidence interval 95% and a sample error of 10% there must be 

48 responses 

For a confidence interval 90% and a sample error of 10% is  ̂ = 40. 

To have a statistical representative sample it is the goal to have at least 40 valid responses. 

2 -  Questions should be based on narrowly focused evaluation areas. To provide good 

agreement and reliable data, the questions should reflect specific, well-defined tasks 

or attributes, not broad areas of system performance. 

For the following reasons the questionnaire was divided in to different sections: 

 Characterization of company size 

 Qualification and number of operators, to see the potential work force 

 Business processes, covering the contractual and financial issues 

 Information processes, covering the receiving and transferring of essential job infor-

mations 

 Delivery of NDT, the performing of the NDT on site 

 Reporting process, which is delivering the most important result of NDT 

Following [56] a survey is conducted in the following stages: 

1. Definition of the characteristics to obtain 

2. Formulation of Questions 

3. Definition of the layout of the questionnaire 

4. Pre-Test 
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5. Selection of persons to ask (sample) 

6. Data collection 

7. Statistical data analysis 

8. Report 

The questionnaire was designed taking in to account the research questions. For easy evalua-

tion and comparability it was decided to use the multiple-choice-format with predefined an-

swers. The possible answers showed the typical options for the selected population of compa-

ny. Only the last question offered the possibility to give open comments on the questionnaire. 

This possibility was taken only by 3 respondents with very general comments of support for 

this survey and so not used in this thesis. 

A first draft was tested with colleagues formerly working as Regional Managers of service in-

spection companies (Expert Interview). They made proposals for a better formulation of ques-

tions and their answers. This process was repeated several times taking also in to account lat-

est discussions on the 5
th
 European American Workshop on Reliability in NDT October 2013. 

In January 2014 a formal pretest was performed with the CEO of a medium size service in-

spection company. This pretest was done with a written questionnaire and with the author on 

site to receive comments. The questionnaire proved its usability and correctness with only 

minimal changes. 

The improved questionnaire was transferred in to the software “Grafstat 2014” 

[http://www.grafstat.de/] which became the main tool for layout, data storage and transfer. 

The questionnaire was exported in “HTML” format and uploaded to a non-public area of the 

web site of the DGZfP. Access was possible only using the hyperlink from an invitation-mail. 

The received data of the questionnaire were safely stored on the internet-server “Grafstat07” 

and, upon completion of the survey, downloaded in to the “Grafstat”-program. From there the 

raw data were exported in to Microsoft Excel. 

5.4 Data collection 

A detailed list of the 94 companies was compiled, containing the name of the manager in 

charge and the contact data. This list was divided in to 3 regional groupings. A member of the 

management team of the DGZfP Training and Education Ltd. called managers of the Service 

Inspection Company and explained the reason and aim of the survey. They also corrected 

wrong or missing data in the contact details. This approach to restrict the invitation within the 
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management level opened doors and assured senior attention. After invitation, the recipient 

was sent an e-mail containing the hyperlink to the questionnaire on the web. 

Within four weeks (February 2014), 47 companies completed the questionnaire. Since an 

anonymous approach was chosen it was not possible to send a second invitation or reminder 

to companies not answering the questionnaire. 

5.5 Data Analysis 

Data analysis was performed using “Grafstat 07”-software and Microsoft Excel. 

The questions from the questionnaire were used to define Variables. Depending on the type of 

answers, sub-variables were defined to handle multiple-choice answers, where more than one 

answer was allowed. 

The data where imported and checked for validity. A first evaluation showed trends and 

tendencies and allowed the definition of clusters. These clusters were used to test the data for 

dependencies. Some data of the first evaluation have been used to prepare graphical figures. 

5.6 Limitations 

A survey seemed to be a good tool for this thesis. But there are two groups of limitations to 

take in to account: 

Restriction of the sample:  

The sample is selected from a data bank of the German society for NDT.  

It is not really known, how many companies are working in this field on the German market.  

 

Countermeasure: A cross check on the internet about companies offering such NDT-service 

and a check of the published list of entities accredited in this field by the German Accredita-

tion Agency revealed no significant difference. 

 

It is valid for the German market only. 

This limitation has to be accepted and leaves space for further work on the international level. 

 

It is not a purely random sample: 

This has to be accepted according to the small population and their practical accessibility. 
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Restriction of the method: 

A survey has some problems [56]: Are the answers of the persons really describing the condi-

tions in the field? Do the persons know the reality? 

Countermeasure: Select responsible and experienced people. But it has to be accepted that this 

survey is only giving the view of the management. A future work could add the view of the 

operators. 

The layout and the structure of the questionnaire can influence the answers: 

Countermeasure: Careful design of the questionnaire. During the continuous improvement of 

the questionnaire some tendencies could be removed. So the clarity was improved and the 

answers to choose from have been reformulated following the parlance of the branch.  

A remaining problem was the fact that the order of answers can influence the result (called 

Primacy/Recency). 

Countermeasure: The proposed answers were mainly subjects and data and less individual 

ratings. So the influence was minimized. 
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6 Result 

The questionnaire contained 41 questions. 35 questions allowed the single or multiple choice 

on pre-defined answers. A number of 5 questions required a numerical answer. Only the last 

question allowed free comments. 

The structure of the questionnaire was covering the following areas: 

 Characterization of company (turnover, personnel, quality) 

Question C1 to C12 

 Qualification of Operators (standards, sources of knowledge, team) 

Questions Q1 to Q 14 

 Organization processes (supervision, customers) 

Question O1 to O9 

 Reporting of results (responsibilities, channels) 

Question R1 to R5 

6.1 Response to questionnaire 

As described in 5.2 the population of comparable service inspection companies was 94. From 

these companies 47 filled the questionnaire. This number of respondents fulfilled the require-

ments defined in 5.3. 

The next question was to check the possible Sampling error? A typical formula for this is 

    √
 (   )

 
  [√

   

   
] 

Where:  sE= Sampling Error 

 Z = Z score for desired confidence Level 

 P = Percent of sample in one category 

 n = Sample size 

 N = Population size 

For a desired confidence level of 95%, a sample size of 47 and a population of 94 the follow-

ing error was calculated: 
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]                               

The sampling error is about 5%. 
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The 47 responders answered 41 questions in total. Three of them had a comment on the last 

question. If this question is not taken in to account we had the possibility to get 1880 answers 

in total. Only 47 answers have been missing, that is about 2,5%, see also Figure 6. 

The missing answers are concentrated on questions dealing with the exact number of person-

nel, and also around the delivery of the inspection. 

6.2 Characterization of company 

In this first complex, questions have been designed to elicit some basic data about company 

size, employees and quality systems: 

 C1 In which industrial Area lays the focus of your activity? 

 C2 What is the annual turnover of your company? 

 C3 What kind of are your main customers? 

 C4 Which place is the focus of your work? 

 C5 How many Level-3-Persons do you employ? 

 C6 How many Level-2-Persons do you employ? 

 C7 How many Level-1-Persons do you employ? 

 C8 How many inspection assistants do you employ? 

 

Figure 6 Number of missing answers 
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 C9 Is temporary work of NDT-personnel important for you? 

 C10 Is the work of your company external reviewed? 

 C11 What is your view on the role of accreditation of laboratories? 

 C12 According to your view: What is the major reason of customers to order an in- 

 spection? 

The size of service inspection companies is defined by its employees and annual turnover. 

Following the definition of the EU 
[1]

 apply: 

Micro:  < 10 employees,  turnover 2 Mio. EUR 

Small:  < 50 employees, turnover 10 Mio. EUR 

Medium:  < 250 employees, turnover 50 Mio. EUR 

From the number of enterprises questioned, 36% have a turnover of less than 2,5 Mio. EUR, 

followed by 8,5% with less than 10 Mio. EUR. Only 10% stated to have more than 

20 Mio. EUR turnover. The remaining 32% elected not to answer this question (C2). 

The total number of employees was not obtained, but the total number of NDT-personnel can 

be calculated: 34% of the companies employ up to 10 testers, 34% up to 50 testers and 28% 

up to 500 testers, while 4% did not answer. It seems possible to assume that the majority of 

service inspection companies are medium-sized or smaller. 

The industrial sectors where service inspection companies offer their services (C1) have been 

defined, following the member groups of DGZfP. 

 

Figure 7 Industrial sector as focus of activity 

[1] http://ec.europa.eu/enterprise/policies/sme/facts-figures-analysis/sme-definition/index_en.htm, accessed on 12.04.2014] 
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The Figure 7 shows that the main sectors are covered, but the Public Transport Sector is sel-

dom using service inspection companies. This suggests that in the Public Transport Sector 

own departments of the companies perform the inspections. 

A question (C3) about the safety demands of the customers gave no indication, whether high 

or average safety demands are dominating. 7% have only customers with average demands, 

11% only customers with high demands, but 83% deliver service to both groups. 

The place of work (C4) is for 7% their own company, where the customer delivers his prod-

ucts to the laboratory for inspection. 57% work in the laboratory and on the location of the 

customer, while 36% are only working at the location of the customer. So a clear focus is to 

do work externally (on-site). 

In addition to the work as a laboratory 32% of the companies supply temporary NDT-

personnel to other companies. 26% hire such personnel and for 43% this is no business (C9). 

The number of employed NDT-personnel varies. (C5-C8) The following Figure 8: gives an 

overview about the numbers and range. 

Level Persons Total Maximum Minimum Average 

3 198 20 0 4,5 

2 2130 300 1 47 

1 494 200 0 11 

Assistant 192 49 0 4,5 

Sum 3014    

Next question (C10) was raised to evaluate, how the companies demonstrate, that they have a 

valid quality assurance system installed. Figure 9 shows the result. 

Figure 8: NDT-Personnel sorted by qualification level 
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The question about what quality assurance system is used was completed by the question on 

how the role of a possible accreditation of laboratories is seen (C11). This picture (Figure 10) 

is consistent since 47% of the companies are required to show an accreditation and  

44% (34% acc. ISO 17025 + 10% acc. ISO 17020) stated before to hold one. 

 

Figure 10 Role of Accreditation 

Finally the question (C12) about the basis of the business of service providers was raised: 

Why do their customers inspect products or components (see Figure 11)? 

Figure 9 Quality Assurance Systems in Use 
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Figure 11 Reasons for ordering NDT 

6.3 Qualification of operators 

It is evident (see Figure 8: NDT-Personnel sorted by qualification level) that a majority of 

operators is holding a qualification as level 2. 

In this complex 14 Questions have been asked to evaluate the qualification and working con-

ditions of NDT personnel in service inspection companies: 

 Q1 According to which Recommendations and Norms did you qualify your NDT-

 personnel? 

 Q2 Which qualification system is mainly required by your customers? 

 Q3 Which importance has the training according ISO 9712 at the education  

 supplier? 

 Q4 What are the most important sources for the operators, to gain knowledge 

 about typical defects in the objects to inspect? 

 Q5 What kind of specialization does the operators receive with increasing  

 experience? 

 Q6 In which testing sector you receive only seldom orders, despite the fact that you 

 could provide qualified personnel? 

 Q7 What is the typical size of an inspection team during small local jobs? 

 Q8 What is the typical size of an inspection team during major jobs? 

 Q9 How would you estimate the time pressure on the operators during the  

 performance of the job? 
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 Q10 What is the typical basis for the compensation of the inspection job? 

 Q11 What is the typical allocation of testing equipment? 

 Q12 How intensive is the communication between level-3/ supervisor and operator? 

 Q13 What percentage of their working time does the operators spend on-site? 

 Q14 What is your opinion about recertification examination very 10 years? 

It was interesting to see (Q1), which qualification system is mainly used (Figure 12). 

 

Only 48% of the companies (in Germany) state, that they use the ISO 9712 system for the 

qualification of their personnel. For 31% it is important, to adopt the recommended practice 

SNT-TC-1A. A number of 10 companies state that they qualify their personnel for aerospace 

industries, but in question C1 (see Figure 7) only six companies answered, to do important 

business there. This raised the next question (Q2), about what the customer is requiring 

(Figure 13). 

Figure 12 Actual Qualification of NDT Personnel 
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Here the answers indicate, that the majority of customers is expecting a qualification in an 

employer-independent certification (3
rd

 party) system, followed by 15% with an employer-

based (2
nd

 party) system. In Railway and Aerospace sectors 3
rd

 party qualifications are very 

seldom required. 

An additional question (Q6) was placed in the same direction. In which testing sector you 

receive only seldom orders, despite the fact, that you could provide qualified personnel? 

Again, displayed in Figure 14 , Aerospace and Railways are called by 23% of the companies, 

while 17% say, that ASME and API are not often ordered. Almost 50% state that they are 

prepared for methods like Eddy Current Testing, Leak Testing and Thermography, but seldom 

booked. 

Figure 13 Qualification required by customer 

 

Figure 14 Seldom requested qualifications 
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The next field of interest was to evaluate, what sources of knowledge for the personnel are 

used by the companies. 

 

Figure 15 Role of Training at Education Provider ISO 9712 

 



6 Result 62 

 

The first question (Q3) in this relation was regarding the role of a training at an education 

provider with a program according to ISO 9712. Following the picture of Figure 15 the acqui-

sition of testimonials and certificates is the main reason, followed by the gaining of some 

basic knowledge about the method. Product related knowledge (Q4) is mainly received 

through practical work on-site (Figure 16). 

 

If we take the further development of the personnel: Do they specialize in some way? (Q5) 

 54% of the operators concentrate their activities on special components, using different 

NDT-Methods. 

 30% undergo a specialization on one testing method and only 

 16% work with a special type of customer. 

 The use of personnel assigned equipment is noted for 36% of the personnel (Q11). 

Most time of the day an operator is not in his company but on-site, where NDT is performed. 

58% of the companies estimate, that this time is more than 80% of the working time, followed 

by 36% estimating, that between 50% and 80% are spent on-site. (Q13) 

Figure 16 Source of Product Knowledge 
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Figure 17 shows a typical team size of one or two people for a local job, and for larger jobs 

much bigger teams. (Q7, Q8) 

Regarding the qualification of personnel an opinion requested was requested (Q14): how use-

ful is the recertification process according to ISO 9712. The requirements for recertification 

have been raised in the 2012 edition of the ISO 9712 standard. The duration and difficulty of 

the practical recertification examination is leading to the need for refresher training courses, 

thus raising costs for the employer. 

 

Figure 17 Team Size local vs. major job 

Figure 18 Recertification acc. ISO 9712 
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Figure 18 clearly indicates a perception that the raising costs could not be compensated by 

higher prices for the service. The remaining 25% of answers point out negative aspects, while 

46% of the answers underline the benefits. 

A critical question (Q9) was: how the management is estimating the time pressure on the 

NDT-personnel (Figure 19). Only 21% of the operators are almost free of time pressure. 

 

The answers about time pressure have been analyzed in relation to the annual turnover. Is 

there a relation between them? According to Figure 20 it seems, that only small companies 

partly allow to work free of time pressure. The bigger companies see medium to high pres-

sure. 

 

Figure 19 Time pressure on NDT-Personnel 

Figure 20 Time pressure according to company size 
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A question (Q10) about the contractual compensation model between customer and service 

provider resulted in the statement, that 30% said their inspections are typically paid time 

based, 13% said task-based and 57% said, that both types of payment are equal distributed. 

Here as well the question (C2/Q10) was raised, if company size and compensation model are 

related? 

 

The Figure 21 shows a relation between both categories. Smaller companies are working rela-

tively more often on an hourly basis than larger companies. If the answer given as “equal dis-

tributed” is divided into two equal values, than approximately 41% of the work is done on 

fixed basis per job and 59% on a time base. 

6.4 Organization processes 

In this complex several questions have been raised about the communication partners in the 

main processes of delivering NDT-services to the customer. 

 O1 Which department of the customer is responsible for discussing the commercial 

processing of the inspection job? 

 O2 Which department of the customer is responsible for discussing the technical de-

tails of the inspection job? 

 O3 Do you provide intensive advice to your customer in terms of possible Testing 

Methods, normative Rules or Examination Categories? 

 O4 Which content does the requirements contain, you receive from your customer for 

the inspection job? 

 O5 Which additional details you receive often by your customer? 

Figure 21 Compensation Model vs. Company Size 
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 O6 On which communication channel does an operator receive the technical details of 

the inspection job? 

 O7 How often do the Operator have to request ask about details on-site? 

 O8 Which department of the customer is responsible for discussing the schedule of the 

inspection job? 

 O9 How often do you have to change the schedule after begin of inspection? 

To detect the involvement of the main departments, the questions O1, O2, O8, and R4 have 

been formulated. 

The four departments have been defined following [57] and proved in the pretest of the ques-

tionnaire. 

By combining the different answers in one figure, a good overview has been established: 

 

 

As shown in Figure 22 the involvement of the General Management of the customer in NDT-

processes is very low and limited to basic commercial and technical issues. The influence of 

the Purchasing Department is concentrated on the commercial issues. The main partners for 

the NDT-company are Quality and Production Departments. While Quality Department is 

more involved in the technical and reporting functions, the Production department has deeper 

influence not only on the schedule, but on techniques and reports as well. 

For the preparation of an inspection a lot of technical details are needed. It is typically a task 

of the customer to provide these details before the service provider could give a financial offer 

Figure 22 Process Involvement of Customer Departments 
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(contract review). But many customers need advice in terms of possible Testing Methods, 

normative Rules or Examination Categories. 17% of the service providers stated, that this is 

only seldom the case, but 45% that this happens often and 38% said “very often”. (O3) 

The following question (O4) was oriented in the same direction. It asked which technical de-

tails the service provider can expect from his customer in most cases. See Figure 23 

 

This result shows, that often the customer knows only, what to test, where and when. The 

selection of details and the preparation rests in the experienced hands of the service provider. 

Question O5: But what about details, influencing the inspection and for sure known by the 

customer? Is this knowledge transferred to the service provider (Figure 24)? 

 

Figure 23 Technical Details to expect from Customer 

Figure 24 Transfer of additional Details 
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The service provider receives only very seldom important details about known defects or de-

fects on similar components, while at least the reason for the inspection is more often re-

ceived. 

So, a lot of information and details have to be prepared by the supervisors of the service in-

spection company. Regarding communication it was next the question (O6), how these details 

are delivered to the operator on-site. 

The answers were: 

 30% Written through the Inspection Procedure 

 27% Briefing by supervisor of inspection 

 23% Briefing by customer 

 20% Development of the details by the operator on-site 

How often does this communication take place? (Q12) 

 35% daily meetings 

 23% weekly meetings 

 15% only if problems occur 

 27% experienced level 2 is guiding the operator 

The operator has in the opinion of 68% of the respondents to request additional details  

on-site ”more often” or “very often”. (O7) 

And, finally, even the best prepared operator is facing changes during the delivery of the ser-

vice. The question (O9), how frequent they have changes, was answered by 22% with very 

often and 52% more often, while 26% said “seldom”. 

6.5 Reporting 

The last stage of performing NDT is to report about the results. This report is of high im-

portance, since the further use of the component is depending on this result. What and how it 

is reported has a legal and contractual relevance. The following questions have been asked: 

 R1 At what time the evaluation of the results is done? 

 R2 Who is drafting the report? 

 R3 How is the customer informed about the result? 

 R4 Which department of the customer receives the written report? 

 R5 Does it happen, that the customer wishes to modify the inspection result? 
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The result of question R1 is shown in Figure 25: 

 

The results show that the evaluation is performed on different occasions, with a focus on the 

experienced operators performing it directly after inspection. This result was proved by the 

next question (R2), about who is doing the evaluation. With 68% of the calls it was the in-

spection team doing the evaluation, in 18% the supervisor and in 14% a specialist. 

 

Now, after the inspection result is evaluated by the inspection team, it is time to inform the 

customer about it (R3). As Figure 26 displays, 36% of the answers point out, that this is done 

right on-site. The report is handed out or sent per mail. The good/bad-selection is typical for 

21% 

30% 

36% 

13% 

0% 5% 10% 15% 20% 25% 30% 35% 40%

He receives the report without
explanations per mail

The report is handed over personally
and explained

The result is explained just on-site

The parts inspected are sorted into
good and bad

Figure 25 Time of evaluation 

Figure 26 Way of information about the result 
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testing mass parts, often in the testing organization’s own laboratory. It seems with 13% of 

the answers, that this is seldom the case. 

A very sensitive question (R5) was placed at the end of the whole questionnaire, also concern-

ing the communication between service inspection company and customer. There was a rumor 

that customers sometimes try to influence the content of the inspection report. The aim of 

such influence would be to lower the test requirements so that the indications of the compo-

nent became acceptable and repair is avoided. Another outcome would be to hide a repair and 

state the part as originally good. The result is shown in Figure 27. 

 

The sad result is, that only 3% of the participants never experienced this kind of demand, 38% 

almost never. But 49% encountered such event more than ones with local customers. The ma-

jor revision jobs seem to be almost free of such influences. So this is no rumor, it happens. 

6.6 Summary 

The survey received a good response with about 50% of the invited companies responding. 

The companies mainly belong to the group of small enterprises. They employ well qualified 

NDT-personnel and represent a number of about 3.000 operators and supervisors. The service 

inspection companies are often required to implement a quality management system to a rec-

ognized standard, in many cases certification or accreditation is required. 

The qualification of NDT-personnel is not limited to the ISO 9712-system. Education provid-

ers according to ISO 9712 are used, but the knowledge is improved by experience on the job. 

Figure 27 Wish for Modification of Test Result 
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Additional certifications (Public Transport Sector, US-American Rules) are sometimes neces-

sary. The majority of operators hold a level-2-qualification. 

The communication between customer and the service inspection company could be evaluat-

ed. The three main departments, Purchasing, Quality Management and Production of the cus-

tomer are involved. The technical details, required to perform an inspection, are only seldom 

fully delivered by the customer. Intensive communication and advice through the service pro-

vider staff is required, in order to collect all data needed. The operators on-site are getting 

their instructions in written form and by verbal briefings in a frequent manner. They have to 

complete and adapt instructions on-site. 

Just after inspection, the evaluation is often performed by the team and experienced lev-

el 2 personnel. The result is explained, a written report will be handed over. Sometimes the 

customer wishes to influence the content of the report. 

The results of the questionnaire are consistent, similar questions have been answered in a 

comparable way. So this is a good basis for the following interpretation. 
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7 Interpretation 

The survey showed interesting details about the organizational context of NDT in the practice 

of service inspection companies. In the following part of the thesis this result will be com-

pared with the findings of the studies of chapter 3. 

The best practice in this field seems to be ISO 17025 [40], supplemented by the EA-Guide 

4/15 [42]. They offer guidance for the management of service inspection companies and their 

processes as well as technical requirements. 

7.1 Characteristic size, field of activity and structure of service inspection 

companies 

Hypothesis 1: Service inspection companies are small and medium enterprises. 

The answers to question C2 and the calculation of Figure 8: regarding the annual turnover 

indicated, that 90% of the responding companies are in the class of Micro and Small Enter-

prises. 39 companies stated, that they have less than 250 NDT-personnel, and 5 companies 

(11%) have more. It can be summarized, that the survey is indicating that 90% of service in-

spection companies are Micro and Small enterprises. 

Conclusion: Hypothesis 1 is true 

What does it mean for the reliability of their services? 

According to [58] more than 60% of the companies in Germany are Small and Medium enter-

prises. Typical for those companies, the owner plays an important role, and is directly in-

volved in the operations. Services are often tailor-made, so that technical and managerial 

competences are very important. These competences are often transferred via person to-

person relationships. Finally, there is often a close relationship with clients [58]. 

Due to the small size of many companies it is suspected, that there is a financial dependence 

between customer and service inspection company. We return to this point at the reporting 

chapter. 

Furthermore, the same source state, that the greatest challenge is recruitment, caused by a 

mismatch with the needed qualifications. “…they are facing a lack of skills, talent, willing-

ness and motivation, meaning that they cannot even find people to train” [58]. For the Human 

Factor in NDT it means that these companies have to focus their attention on the qualification 

and motivation of their personnel since they are the most precious part of the company. 
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Hypothesis 2: Their main field of activity is testing of boilers and pressure vessels, as 

well as the public transport sector. 

The participants of the survey put the testing of machinery and equipment in primary position, 

followed by Chemical and Petrochemical Industries. The testing of boilers and pressure ves-

sels was on the same level as the power generation and transmission. Public transport, includ-

ing shipbuilding, automotive, railway and aerospace have been mentioned only seldom. Is 

there a connection between company size and field activity? Figure 28 gives the answer: 

 

Note Figure 28: The companies, not indicating their turnover, are excluded from this over-

view 

While larger enterprises seemed to be more active in Power Generation and Aerospace, the 

smaller companies have more activities in the Shipbuilding, Car and Automotive industries 

and the Machinery and Equipment Manufacturing. 

So, the field of activity is broadly distributed among four industrial sectors. The Public Trans-

portation Sector is only a secondary market for service inspection companies. 

Conclusion: Hypothesis 2 is not true 

This focus of activities has influence on the required qualification of NDT-personnel, regard-

ing the product knowledge and the qualification system, but also on the requirements for 

Quality Management Systems. (See Figure 29) 

Figure 28 Field of Activity relatet to turnover 
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Laboratory accreditation is used between 40% and 50% of the cases, with the lowest rate in 

Shipbuilding/Automotive/Railway. It should be taken in to account, that only the laboratory 

accreditation is providing an NDT specific quality management system, likely to promote a 

basic NDT reliability. Audits by customers are performed between 27% and 30% of the cases. 

ISO 9000 series is still very important with a range from 15% to 23%. As to expect in the 

Automotive Sector, VDMA is required with 5% and Railway Specific Rules with 16%.  

Hypothesis 3: Every service inspection company needs and holds an accreditation. 

In using the ISO 17025 and ISO 17025 the acceptance of testing and inspection should be 

facilitated, as stated in the introduction of both standards [40, 41]. The practice shows (see 

Figure 29), that customer audits and a simple certification according to ISO 9000 series are 

still in use very much. 

Supported by the answer on the question, how the role of accreditation is seen (question C11 

and Figure 10), it could be summarized that laboratory accreditation is not a general require-

ment. Examples are known, where a service inspection supplier is testing mass parts of the 

automotive industries. He has to show fulfillment of the valid VDMA-rules only. 

For the discussion of the reliability NDT-services it has to be taken in to account, that only 

half of the companies have to deal with comprehensive rules of ISO 17025 and ISO 17020. 

For the rest of the companies more or less unspecific requirements apply. It has to be taken in 

to account that an accreditation in Germany is a huge (financial and time) burden. In addition 

to the internal costs for the preparation of the quality management system, which could be the 

work of one full year, the company has to deal with the bureaucracy and fees of an accredita-

Figure 29 Quality Management in Relation to Focus of Activity 
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tion body. Furthermore, this is not a single effort, witness, surveillance and recertification 

audits produce a constant need to spend time and money on accreditation. The improvement 

in testing quality is seen only by 19% of the survey participants. For about 50% it is a must to 

be able to receive orders from their customers. For the other companies it is questionable, 

whether they get their investment in quality back through higher prices and fewer complaints. 

The fact that 93% in the survey say, that many customers need more or less advice in prepara-

tion of NDT (see O3) leads to the question: if these customers have knowledge about reliabil-

ity in NDT and if they care about this? And if they don’t have this knowledge, how shall they 

require, support and pay for a high reliability? 

Conclusion: Hypothesis 3 is not true 

7.2 Qualification and work conditions of NDT personnel in service 

inspection companies 

Hypothesis 4: There is an almost constant relation between Level-3-persons and the 

number of personnel with qualifications below, they supervise. 

To check this hypothesis the number of personnel with level 2, level 1 and the testing assis-

tants have been summed up and set in relation to the number of level-3-persons (Figure 30). 

 

The curve in Figure 30 shows that one level-3-person has to supervise between 0 and 42 other 

NDT-personnel. The average is 11 persons with a standard deviation of 10. Due to these data 

it is to assume, that there is no constant relation. 

Conclusion: Hypothesis 4 is not true 

Figure 30 Sum of NDT-personnel up to Level-2 in Relation to Level-3 
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As published earlier [59], the survey of f-bb [35] indicated, that the level-3-person is only 

involved in the operation on the scene if problems occur. So it is possible to run more than 

one team of NDT-operators with one supervisor. 

Hypothesis 5: Larger companies offer more supervision to their personnel. 

Since larger companies seem to have greater financial resources the question arose whether 

they supervise their personnel through more level-3-persons per operator. 

 

As reported by the respondents (Figure 31), in 96% of the smaller companies between 1 and 

5 level-3-persons are employed. About 50% of the large companies have 12 to 15 level-3-

persons, the remaining between 1 and 5. 

The companies with an annual turnover of up to 10 Mio EUR report a relationship of level-3-

personnel to other personnel of 8 (standard deviation 7,5). Companies with an turnover of 

more than 10 Mio EUR report a relation of 22 (standard deviation 13,3). So the opposite of 

the hypothesis is valid: in larger companies one level-3-person is supervising relatively more 

operators than one in small companies. 

Conclusion: Hypothesis 5 is not true 

Hypothesis 6: All operators, employed at service inspection companies in Germany, 

provide a qualification according to ISO 9712. 

The next interesting field was the qualification system used. In Europe, EN 473 and since 

2013 the ISO 9712, have been the gold standard for the qualification of NDT-personnel. For 

Figure 31 Percentage of Level-3-persons in Relation to Turnover 
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the approval of personnel by a recognized independent body for the testing of boilers and 

pressure vessels, the use of a harmonized standard is the main basis of this act. EN 473 has 

been and (EN) ISO 9712 is now a harmonized standard of the European Union, so a recogni-

tion is suspected, if these standards are used and additional requirements fulfilled. But if the 

result of Figure 7 is taken in to account, boilers and pressure vessels are only 20% of the ac-

tivity. Even if we add the chemical sector with a lot of pressurized equipment and the power 

generation as well, a maximum of 50% of the market is reached. 

 

Figure 32 gives a disturbing picture: While for EN 4179 / SNT-TC-1A, Aerospace and Rail-

ways more personnel are qualified than required, and some qualifications in the ISO-system 

seemed to be missing since it was stated, that three quarters of the customers would like to see 

ISO 9712-qualification. Taken in to account Figure 11 where it was shown that in 27% of the 

recipients think, that demands of law or authorities are the reason for ordering NDT, the pic-

ture is not clear. One interpretation of Figure 32 seems possible: There is a need to add further 

qualification according ISO 9712. 

Conclusion: Hypothesis 6 is not true 

Hypothesis 7: The majority of operators of service inspection companies are qualified in 

more than 3 methods 

According to the f-bb study [35], 72% of the operators hold a qualification in 3 methods or 

more (Figure 33). This is in line with the question 5, whether operators develop a specializa-

tion with growing experience. 30% of the recipients stated, that their operators develop a spe-

cialization in one method. The difficult task for the management is to organize, that the not-

Figure 32 Qualification offered vs. Qualification requested 
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specialized operators receive sufficient experience in each method and do not lose their quali-

fication due to significant interruptions. ISO 9712 defines a significant interruption as “ab-

sence or change of activity which prevents the certified individual from practising the duties 

corresponding to the level in the method and the sector(s) within the certified scope, for either 

a continuous period in excess of one year or two or more periods for a total time exceeding 

two years” [28]. 

This problem is increasing on methods or qualifications offered, but seldom used. Figure 14 

showed sectors concerned. 

 

Conclusion: Hypothesis 7 is true 

Hypothesis 8: The operators are free of undue pressure 

As stated in 3.3.2, demands, that are placed on the operator by the system and that do not con-

form to his capabilities and limitations, can lead to stress. 

An obvious demand above the limits could be insufficient amount of time to perform the 

NDT. 

The response to the question Q9 about the opinion about time pressure and to question about 

the contractual compensation method can be analyzed. As shown in Figure 19 almost 80% of 

the recipients describe a certain to high amount of time pressure on the operators. Furthermore 

following the remarks on Figure 21 Compensation Model vs. Company Size almost 60% of 

the jobs are paid on a time basis. 

Figure 33 Number of Qualifications per operator in Service inspection companies [35] 



7 Interpretation 79 

 

Another source of stress could be insufficient schedule and information [22]. The answers on 

question O7 about evaluating job details on-site indicate, that the operators often have to re-

quest important details, and that they are often not prepared as required. An additional fact is, 

that 77% of the respondents answered, that the schedule has to be changed on-site more or 

very often. 

It has to be summarized, that in the practice of service inspection companies, different sources 

of stress exists. But does this lead to undue pressure? 

As published by Bertovic [60], given time on the inspection is not influencing the human reli-

ability. Instead of this, the perceived time pressure showed to have a negative effect on testing 

performance. She found that experienced operators are able to compensate time pressure to 

certain limits. 

Regarding the hypothesis of undue pressure it is summarized that sources for pressure exist 

which could be undue for in-experienced operators and if exceeding certain limits. 

Conclusion: Hypothesis 8 is not true, since cases exist, where they are not free of undue 

pressure. 

7.3 Organizational process 

One aim of this thesis was, to evaluate the organizational context of NDT. The following part 

is investigating, how NDT is organized in practice, dealing less with the context and more 

with the organizational processes itself. 

To get a structure for the interpretation, the survey questions followed the process of prepar-

ing and delivering of an inspection job. The sub-process of performing the non-destructive 

test itself was not evaluated in detail. This was performed in a separate study [35] by the f-bb 

institute. Some useful results have been cited in this thesis. 

Hypothesis 9: Service inspection companies deal with one central partner on the cus-

tomer side. 

The results of the survey clearly shows, that according to the opinion of the respondents, three 

different departments of the customer are usually involved in the NDT-process: 

 For the business part, including the bidding, the contractual settings and the financial 

agreement, the purchasing department takes the main responsibility. 
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 For the technical preparation of the inspection, to describe as an information process, the 

quality department is the main partner. The production department is taken over when it 

comes to the inspection schedule. 

 During delivery of the inspection it is to assume, that the production department is han-

dling the schedule and the accessibility. For the report of inspection, the quality department 

seems to be the main partner. 

The clear differences made in answering the questions indicate that very different partners on 

the customer side accompany the preparation and delivery of the inspection. A distinction into 

the roles of purchasing, quality and production departments was positively received. 

Conclusion: Hypothesis 9 is not true, there are different partners. 

Hypothesis 10: The customer delivers all important data regarding the inspection to the 

service inspection company. 

To handle this question is has to be defined what “important” in this context means. Of course 

the basic data like component, time and place of inspection, followed by the required inspec-

tion method, examination class, acceptance criteria are essential. Furthermore the inspection 

technique, a qualified procedure, component material, surface condition, area of interest, pos-

sible flaws, the handling of indications as well as the final treatment after inspection have to 

be defined. Not to forget accessibility and working safety, health and environmental protec-

tion, supervisors to contact, etc. This list of data may sound challenging to non-experts, for a 

qualified level-2 or level-3-person it is the minimum to perform a non-destructive inspection. 

For reliable NDT there are many things to add, like qualification requirements, history of 

component, calibration procedure and specimen, application factors to control, radiation safe-

ty, permissions…. 

To prepare and deliver the basic data can be expected from every customer. But if the cus-

tomer is not supported by its own NDT-experts it seems impossible for him to know and de-

liver all requirements in advance. In this case an expert from the service inspection company 

needs to support the customer to identify the data needed. This puts a high responsibility for 

the reliability on to the shoulders of the level-3-person. 

A confusing outcome of the f-bb study should be noted here: There was questioned, regarding 

preparation for inspection, which data are important for the operators. More than 50% of the 

recipients from service inspection companies found it important, to know materials, process-
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es, loads, critical components and function. But only 7% noted work safety, 4% the history 

and nobody typical types and sources of flaws! 

Conclusion: Hypothesis 10 is not true, there are cases where the customer needs sup-

port. 

A possible lack of expertise on the customer side puts NDT-reliability in question. How could 

they compare offers from different service providers? By deciding on the price and qualifica-

tion offered? An accredited testing laboratory has at least to perform an intensive review of 

requests and to select an appropriate method and procedure, but what about the remaining 

50% of service providers without accreditation? 

7.4 Evaluation and report of NDT results 

Hypothesis 11: The operators perform the inspection and result evaluation, the report 

lays in the responsibility of the supervisor. 

This statement can be evaluated by using the remarks on Figure 25 and Questions R2 and R3. 

The evaluation of the inspection is mainly performed by the operators (Figure 25). The main 

qualification of operators employed by in service inspection companies (see Figure 8:) is the 

level-2. Following the definition of ISO 9712 a level-2 is allowed to perform evaluations and 

interpretations. This is also the picture of given answers on question O2, and seems to be the 

practice. 

In 66% of the opinions is expressed, that the report about the result is handed over directly 

and explained. Since the level-3-person is only seldom on the inspection place, it can be con-

cluded, that an experienced operator has to do this. The f-bb [35] found in their study in a 

comparable question, but covering not only service providers, that the report was prepared 

due to 36% of the answers by the operator and by the supervisor due to 55%. 

Conclusion: Hypothesis 11 is not true, there are cases where the operators are reporting. 

The overall picture seems to be, that a lot of responsibility is taken by the operators with a 

level-2-qualification. Due to the results of the f-bb study [35] where 77 service providers have 

been included in the survey, 86% of the personnel holds a level-2. According to Figure 8: 

here, 71% of the operators hold a level-2. 
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8 Summary/Discussion/Conclusions 

The purpose of this chapter is to summarize the work that was conducted in the framework of 

this thesis to evaluate the influence of the Human Factor and the Organizational Context on 

the reliability of NDT. 

Included are a restatement of the purpose of the study, the research questions, the research 

methodology, and a summary of the study results. 

The chapter ends with a discussion of the results and a formulation of conclusions. 

8.1 Restatement of Aim, Research Questions and Stage of Research 

Aim of this work 

The purpose of this work was to investigate the fulfillment of reliability demands in selected 

NDT service inspection companies by evaluating the perceptions of the management regard-

ing the processes, conditions, and qualification requirements and comparing these with the 

recommendations of research. 

Restatement of Research Questions 

The research questions with respect to reliability of NDT for this study were: 

1. What is the characteristic size, field of activity, and structure of service inspection 

companies? 

2. What is the situation regarding qualification and work conditions of NDT personnel in 

service inspection companies?  

3. Who is involved in the organization and delivery of non-destructive tests?  

4. In which way are the results of NDT evaluated and reported? 

Restatement of Research Methodology 

Descriptive research methodology and survey techniques have been used to collect data.  

For the sampling it was decided to follow the structure of the NDT society, and to select a 

single group of members, the service inspection companies. The characteristics of this group 

are interesting because of their broad range of activities in different sectors. The survey was 

limited to German companies, that are member of the German Society for NDT.  

A survey by a questionnaire with multiple choice answers was used to collect the perceptions 

of the senior management of the selected companies. A number of 94 companies received the 
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questionnaire. Over a four-week period 47 surveys (50%) were returned and subsequently 

analyzed. The answers are reported in Annex A. 

For the discussion of the influence of different factors on the reliability of NDT the method 

“Expert Estimation” was used. Evaluated sources have been the result of experiments as pub-

lished in literature, specifications as published in standards, codes, and recommendations and 

the experience of the author as expert for qualification and certification in NDT. These 

sources have been evaluated, and the results combined. 

Restatement of Stage of Research 

Influencing factors on Reliability in NDE have been visualized by a Modular Model, in the 

form developed during the European American Workshops on reliability in NDE. (Figure 34) 

 

The intrinsic capability in the center of the model receives most attention, as it is the technol-

ogy side of NDT. Faster and smaller microprocessors, new sensors and mechanization are the 

actual drivers of new equipment. 

The research on the application factor is moving forward as well. Investigations on the influ-

ence of different parameters and their tolerances, use of modelling and statistical tools will 

bring new findings. 

The Human Factors influence obtains more and more attention. The oldest and most common 

approach was to train the human operator. Today, the knowledge, skills, and experience of 

operators in NDT are described, examined and often certified in qualification systems. Em-

ployer-independent and employer based systems are in use. For service inspection companies 

a combination of both systems, certification by a central certification body and a job-specific 

training by the employer, seems to be the future. Due to their widely varying customer groups 

they are often forced to comply with different qualification systems. 

Figure 34 Main elements of Modular Model on Reliability in NDT 
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It is less well known, but of the equal importance, that in addition to the qualification of oper-

ators, their motivation and attitudes influence the inspection reliability as well. During the 

selection of operators and the design of work processes this has to be taken in to account. It is 

not possible to avoid Human failures completely, on the contrary they are a valuable sources 

for improvement and experience. The challenge is on the one hand to minimize the influence 

of errors on the inspection result, to avoid threats for people and the environment, and on the 

other hand to maintain a culture where reporting of own errors is awarded, to facilitate im-

provement in an environment of economical demands. 

Actual research in the field of Human Factors is dealing with the identification and quantifica-

tion of additional influences, like procedures, work environment, communication, perceived 

conditions, and team work. 

The Organizational Context was introduced as a factor, but its influence was not comprehen-

sively evaluated. Norms and recommendations in the field of NDT are available, describing 

basic rules for the organization of such facilities.  

8.2 Discussion 

8.2.1 External Context of NDT 

NDT is embedded in the social context of a society, formulated by documents like standards 

and laws, but also by unwritten rules like ethics. This social context is the major trigger for 

performing inspections and influencing the extent and quality of NDT as well as the reliabil-

ity. 

The major factors of the social context are summarized in Figure 35 expanding the results of 

Fahlbruch et al [9] and Zeller [61]. 
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On top of the influences stands the safety culture. The International Atomic Agency defines 

safety culture as: “… that assembly of characteristics and attitudes in organizations and indi-

viduals which establishes that, as an overriding priority, nuclear plant safety issues receive 

the attention warranted by their significance.” [63] 

This statement was directed towards nuclear plants, but it seems possible to transfer the idea 

of it into conventional sectors. To be safe means to avoid risks for humans, animals or the 

environment and is a basic individual and social goal, if not an inalienable human right. It is 

defined as the “Social/Ethical Culture” in Figure 35. This high social commodity is defended 

by a system of legal requirements, such as owner responsibility, product liability, and civil 

and penal law. The plant owner is required to take every action necessary for guaranteeing the 

safety of his facility, and this is a good reason to order inspections. 

Furthermore, the definition is uses the word “culture”, which means behavior patterns of hu-

man. Every employee of the plant should have in mind safety as the highest aim of the com-

pany. The logical consequence would be to support a high reliability in NDT. 

That practice looks different is caused by the next factor: the “Market/Financial Frame”. Eve-

ry plant owner has to answer the question, how much safety is affordable? The answer de-

pends on the tension between legal/social demands and the need to survive on the market. 

This leads to an optimization task to balance between the expense for maintenance/inspection 

and the remaining risk. If this balance is badly managed it leads sometimes to an attitude of 

seeing NDT only as a burden, to buying as cheaply as possible, and to perform it quickly. 

Figure 35 Social context as published in [62] 
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This reduces NDT reliability. On the other hand, if NDT is cleverly managed it could be a 

source of process improvement, helping to reduce costs while retaining a high safety level. 

The factors “Regulatory Requirements” and “Technical Rules” have a direct impact on the 

NDT process if they apply due to a legal or contractual requirement. For instance, the pressure 

equipment directive 97/23/EC promotes the use of standards to define extent, method and 

criteria for inspection as well as an approved qualification of the personnel, supporting at least 

a minimum level of NDT reliability. This influence is limited by the fact that this directive 

applies only when testing pressure equipment of a limited category (III + IV) is demanded. 

The social framework above is the external organizational context of NDT. There is now an-

other context, described as the internal context. 

8.2.2 Internal Context of NDT 

The context of NDT in a work environment is dominated by the work processes. The first 

approach to separate those processes was the publication by Zeller [61]. She proposes a “pro-

cess model of operational requirements” with the following elements: 

 Operational processes 

 Process controls; 

 Information processes; 

 Quality processes; 

 Business processes 

 Environmental management and workplace safety 

This model is focused on real work place activities (see Figure 4). It was used in [35] to ana-

lyze the profile of NDT jobs in German industries, and to define the areas of competence for 

the vocational training of “system technicians” (NDT specialist), which was introduced as an 

official occupation in Germany in 2013. For the interpretation in this thesis another model 

was needed to incorporate the processes where the operator is not or only partly involved. 

Following the presentation of the author during the 5th European American Workshop for 

Reliability in 2013 [62] a model (Figure 36) of three main processes has been proposed: 

 Business Processes (Bid, Contract, Purchasing…) 

 Information Processes (Time, Place, Criteria, Procedures, Reporting…)  

 Delivery Processes (Equipment, Operators, Reports …) 
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Business Processes 

The basis, and often the starting point, of every NDT-service is an agreement/contract about 

the financial aspect of the job. On the side of the Service-provider, sales personnel or the 

management is handles this task. On the customer’s side, a purchasing department or similar 

function handles this “Business Process”. It is expected that an agreement about content, 

scope and extent of the work, schedule and financial compensation is written down. Figure 37 

indicates that during this process the influence of technical experts of the department con-

struction or production is not very high and it seems that the required information to guarantee 

the inspection reliability could not be gained during this process. 

 

Information Processes 

Both parties need different kinds of information long before the NDT-service is delivered. 

The exchange requires technically competent partners on both sides.  

 

Figure 36 Process overview 

Figure 37 Involved parties in various phases of the purchasing process [modified from 57] 
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For a customer interested in a high reliability of NDT it is important to know:  

1. Capability and Reliability of NDT method, sufficient for the inspection aim. 

2. Capability and resources of the service provider to deliver the selected method in a 

constant, reliable and traceable manner.  

(Quality management, qualification, accreditation, experience) 

3. Responsibilities, Schedule 

4. Required work environment for a reliable NDT 

5. How to interpret the outcome of NDT 

The service provider needs to know at least: 

1. The aim of the inspection: Function of component, expected defects, areas of interest. 

2. Selected method, rules, standards and criteria for the inspection. 

3. Component details: drawings, material, processing, history, known defects 

4. Work environment (responsibilities, access, conditions, work safety) 

5. Reporting process of result and required actions 

Both parties have finally to agree on: 

1. Inspection Procedure 

2. Schedule 

3. Responsibilities 

4. Protocol and Report 

This data is essential for a reliable inspection result. They also influence the costs and dura-

tion. In an optimal work flow all key information is available before a contract is signed. For 

an accredited testing laboratory it is a standard requirement to handle contracts in this manner. 

Furthermore, missing information prevents the service-provider from selecting the optimal 

equipment and the best qualified team. The less that is known before the delivery of the ser-

vice, the more tasks the operator has to handle on-site, sometimes forced to compensate for 

missing equipment, tools or experience. This could lead to stress and lower reliability. 

The British Health and Safety Executive stated in 2008 [16]: “Apart from carrying out the 

inspection itself, the role of operators in an inspection should be limited to verifying the ade-

quacy of the arrangements for safety, access and plant condition. The preparation for the 

inspection and the provision of an adequate and appropriate inspection procedure is the re-

sponsibility of the client and/or NDT organization as appropriate.” 
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Delivery Process 

The delivery process is the most visible part of the service and receives a lot of attention from 

all parties. A team of inspectors arrives at the scene bringing nice equipment to life and oper-

ating full of confidence.  

But, while doing so the team of operators needs to handle many details: 

 Are all necessary data and documents available? 

 Are location, component to inspect, required equipment, tools and team as agreed on, 

and ready for the inspection? 

 Is the work place safe, accessible, and are the conditions sufficient? 

 How are unexpected events handled? (If things go wrong – decision chain)? 

 How is the inspection result documented, delivered, and explained? 

 How is a re-inspection organized, if required? (repair, exchange, procedure problems) 

For improvement of organization and reliability it would be valuable to deliver a systematic 

report about experiences, problems that occurred, interesting observations, and proposals of 

the operators. For the same reason, feedback from the customer should be collected if expec-

tations were fulfilled. 

 

Figure 38 displays an overview of the processes defined: the business process, the information 

process and the delivery process, describing internal organizational influences on the reliabil-

ity of NDT. 

Figure 38 Abstract of internal context of NDT 
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The following section evaluates the result of the survey regarding the external and internal 

context of NDT. 

8.2.3 External Context in Practice 

Regulatory Requirements 

Direct Regulatory Requirements in NDT influence the work of service inspection companies 

in some fields.  

The first field is occupational safety. In Germany it is required that all companies ensure a 

safe workplace for the employees. NDT specific risks concern work in potentially dangerous 

industrial environments, work at high altitudes, narrow rooms, the use of hazardous chemi-

cals, and strong magnetic fields. Special care has to be taken for the handling of radioactive 

sources like x-ray tubes or gamma sources, where strong regulations have to be fulfilled, in-

cluding a training and examination in this area. Occupational safety is an everyday task and 

influences reliability in NDT. If an operator perceives the site of the inspection as unsafe, he 

will never produce an optimal result and will try to leave this site as fast as possible. 

The second field of regulatory influence is industrial sector pressure vessels and chemical 

plants, where in many cases official directives and laws influence the performance of inspec-

tions. It was shown in Figure 7 Figure 7 Industrial sector as focus of activitythat 44% of the 

business of the surveyed service inspection companies comes from these sectors. It has to be 

remembered that only components with higher risks are affected by these rules. 

Technical Rules 

Service inspection companies follow a lot of technical rules, specific to NDT. There are supe-

rior standards dealing with the type of component or product. They define the required per-

sonnel, scope of test, handling of results, and repairs. Other standards offer rules for the appli-

cation and conduct of tests, supplemented by norms for the product related evaluation of re-

sults. Another group of standards describes the characterization, calibration and control of the 

equipment, the qualification system for personnel, and the quality management system.  

The question is who forces the company to follow these standards? A first answer is the cus-

tomer, demanding it in documents like contracts. A second answer could be the market, if to 

have a certain quality management system or accreditation is a possible advantage in competi-

tion. A last answer, often underestimated, is so the company is prepared for possible claims, 

where it is strongly advised to follow rules, which are state of the art.  



8 Summary/Discussion/Conclusions 91 

 

The survey indicated that 94 percent of personnel are qualified according to certain standards 

and rules. Approximately 44% of the service inspection companies are accredited as laborato-

ry or inspection body, an additional 21% run a quality management system according to 

ISO 9000. It was stated that only 16% of the customers do not request quality management. 

The technical rules seem to be one of the strongest external influence on reliability in NDT. 

Social/Ethical Rules 

Two special ethical influences on NDT could be identified.  

The first influence is a demand that personnel are required (by ISO 9712) to sign a code of 

ethics during the certification process of every independent certification body. If the person 

does not obey these rules the certification can be withdrawn, which would be a big problem 

for the person and the employer, since some inspection reports could become invalid. 

The second ethical influence is the conflict between the knowledge of the operator about the 

relevance of their test result, and the commercial pressure and imperfection during the job. 

The safety of humans and the environment often depends on the result of non-destructive 

tests. To produce a reliable test result it is necessary that the operators have all the required 

resources, data, and time. The respondents of the survey indicated, that the operators often 

have to deal with time pressure, lack of data, and attempts by some customers to influence the 

reporting. 

Ethical Rules have a positive influence on the reliability of NDT. 

Safety Culture 

As written before, the safety culture is a strong driver for inspection. It is well defined in the 

political and strategic publications of the plant. The difficulty is to catch and describe attitudes 

of the personnel inside the customer’s organization.  

But is there any direct influence on NDT reliability?  

A source in the literature [16] stated that a lack of safety culture can negatively influence reli-

ability in NDT: 

“…that an organisational culture can predominate in which inspection is regarded simply as 

a statutory or contractual necessity rather than as a valuable process which can help avoid 

plant failures. This can lead to problems… Also, operators are aware of, and influenced by, 

the pressure to report a clean bill of health…”  

In contrast, a positive safety culture will support reliability approaches in NDT.  
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The survey revealed no data about the influence of the safety culture of the customer. 

Market / Financial 

Service inspection companies work for profit in a highly competitive environment. Their ma-

jor competitive factors are quality of service, reputation, price, and execution [54]. 

The results of the survey indicated that service inspection companies are mainly small and 

medium enterprises (SMEs). Their customers are often much bigger entities like the Machin-

ery and Equipment Manufacturing, Chemical and Petrochemical Industries, Power Generation 

and Transmission, Production of Boilers and Pressure Vessels. This puts the service provider 

in a weak position to assert contractual and financial positions or to demand work conditions, 

sufficient for good reliability.  

Their financial resources for investment, personnel qualification and their own developments 

are limited. When asked about the prevailing qualification system, 48 percent indicated the 

ISO 9712 central certification system, followed by 31 percent indicating SNT-TC-1A recom-

mendations for an employer based system. This result was somehow surprising for the Ger-

man market and not totally in line with the demands of the costumers. An explanation could 

be the costs of independent qualification and certification, regular refresher-courses and recer-

tification.  

An additional problem for the employer is the impossibility of protecting the investment in 

training because the operators can easily leave the company for another job, taking their quali-

fication away. 

To improve the position of service inspection companies a number of mergers and acquisi-

tions could be observed in the German market. At the end of 2010 about 40% of the European 

NDT service market was shared by the top 3 competitors [54]. This trend continued in the last 

three years, but as the survey revealed, there is still a huge number of small companies offer-

ing NDT services. 

In 2013 the market for NDT service inspection companies took a huge hit, due to the power 

generation situation in Germany. The sudden decision to switch off a number of nuclear pow-

er plants and the preference for renewable energy sources lead to a big loss in plant revisions 

and postponement of new construction projects [64]. 

It can be assumed that the market has a huge influence on reliability in NDT. 



8 Summary/Discussion/Conclusions 93 

 

8.2.4 Internal Context in Practice 

The key word organization is a synonym for a number of involved parties and processes.  

The first distinction that can be made is between the two organizations: the service inspection 

company and its customer.  

Furthermore, the survey indicated that the organization of the customer is subdivided into 

departments influencing different parts of the NDT process. Major partners are the depart-

ments summarized under the headlines Purchasing, Quality and Production. These headlines 

may be designated differently depending on company size or branch but it seems possible to 

identify similar functions in almost every case. 

In Figure 39 a task overview is offered to visualize the responsible functions accompanying 

the NDT process as well as the typical documents of each step. The overview is limited be-

cause the processes before the contract and after the delivery of the report are not displayed, 

as well as the activities inside the execution of the inspection. However, the figure is a first 

approach to understanding the process environment. 

 

Business process 

The high acceptance of a definition of roles in the customer’s organization during the survey 

indicated, that the definition of a business process is useful. It is part of the preparation for an 

inspection and characterized by a low involvement of technical experts on the customer site. 

The experts of the service inspection companies are often required to advise the customer. 

Figure 39 Task overview of NDT services 
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Communication Process 

The respondents of the survey provided a clear picture, that it seems difficult to collect all 

required data for a reliable NDT. The customer is not delivering all data regarding the inspec-

tion for the following reasons: 

 No NDT-specific knowledge to define the NDT-method and criteria 

 Missing demands by service inspection company to deliver additional data  

(expected failures, history of component) 

 Customers does not know about the importance of such data 

 A few customers have a negative view of NDT as a costly burden, associated with dis-

turbance, delay and repairs. 

However, it is not only the fault of the customer that often data is missing. The f-bb-study 

[35] reported the statements of 77 service inspection companies regarding the data for prepa-

ration of the NDT: Only 54% of recipients found it important to know the function of the 

component. Data about occupational safety, history of component, or type and sources of de-

fects where found important by less than 10%. That indicates missing knowledge about or 

missing interest in inspection reliability on both sides. 

The respondents reported that less than 10% of the employees are qualified with the highest 

qualification in NDT, the level 3. It was not possible do detect a formula or rule regarding 

how many operators are supervised by a level 3. With more than 70% of the operators holding 

a level 2 this seems to be the most important qualification for personnel of service inspection 

companies. Personnel with a level 1qualification were reported as 16 percent, and 6 percent 

were testing assistants. 

The possible explanation for the domination of level 2 personnel could be the need to react to 

the local inspection situation in a rapid, flexible and coordinated manner. The answers on the 

survey indicate the need to advise the client, to collect data on-site, and to modify schedules 

support this approach. The practice of evaluating the results just after the inspection and to 

report on-site to the customer also requires at least such qualification. 

A potential reading of the role of level 3 personnel is different. The finding that there is no 

rule for the relation between level 3 and other personnel indicates that level 3 do not directly 

supervise inspection teams. Only 35% of the recipients stated that their operators have daily 

communication with the supervisor. The answers also indicate that in larger companies there 

are fewer level 3 persons per operator. The level 3 function appears to be that of a specialist, 

dealing with procedures, customer relations, and technology. 
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The survey revealed that the operators often have to deal with imperfectly prepared proce-

dures, missing data and changing schedules.  

Delivery of NDT service 

The execution of the inspection itself is characterized by the tasks as described in Figure 4 

and seems to be the core competence of the operators, where they feel very safe. The chal-

lenge is to adapt changing conditions and schedules. 

Reporting received a lot of attention in this survey. The process contains more items, such as 

recording indications, evaluation of the indications according to given criteria, and finally an 

oral or written report about the outcome of the test. 

It is usual in NDT to record important points such as equipment used, personnel involved, 

activities, data, locations and indications of the inspection process all together in one protocol. 

This practice allows to review the correctness and results of the NDT at a later point in time. 

The problem may be that the component tested is inaccessible immediately after inspection, 

and that the NDT produced observations only, without pictures and no printouts, and even if 

images or radiographs exist they are not easy to read. Good records and experienced person-

nel for evaluation are of utmost importance. 

The answers on the survey indicated that it is mainly the experienced level 2 personnel per-

forming evaluation and reporting. This is done most often on-site. For the service inspection 

company it is a challenge to organize proper supervision and feedback for the level 2 person-

nel. On the one hand it will be difficult for the supervisor to be on-site at the exact moment of 

evaluation of the indications, and on the other hand a level 2 person gains on-site over the 

years much more experience in evaluation than the supervisor in his office. 

8.3 Conclusion 

In this work the Organizational Context of NDT was evaluated by a review of existing publi-

cations in the field and by the drafting of models using the expert estimation method. A sur-

vey within German service inspection companies was performed to study their situation and 

to analyze organizational influences during their work. 

A first outcome of this work is that the Organization Context for NDT is characterized by 

internal and external factors. 

The External Context Factors are Safety Culture, Social/Ethical Culture, Market/Financial 

Frame, Regulatory Requirements, and Technical Rules. 
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The Internal Context Factors are described by the processes: Business, Information, and De-

livery. 

The survey of the service inspection companies delivered data about their characteristics, their 

personnel and their processes. 

Many of these companies are small companies, employing approximately 50 NDT personnel 

[59]. These companies have limited financial resources and only a small administrative over-

head. They have to concentrate their resources on customer needs. Clear indication has been 

received that many customers do not compensate the expenses for quality management and 

personnel qualification and certification. A totally independent NDT result could not be ex-

pected under these circumstances, if the customer is a company interested in keeping produc-

tion or maintenance costs as low as possible. 

For the future of service inspection companies it will be a challenge to develop sufficient 

management resources to recruit enough young talents, to offer attractive working conditions 

and to install a “knowledge management” for collecting, transferring and using the experience 

of their personnel [58].  

The work inside NDT seems to offer interesting, responsible and diverse activities on chang-

ing locations. A central role is played by the experienced level 2 personnel. It is a gap in train-

ing according to recent standards such as ISO 9712 that it does not contain any communica-

tion or reporting skills. 

The developed model of External and Internal Context of NDT was used to analyze the situa-

tion of service inspection companies. 

For the External Organizational Context it could be assumed that the market has a huge influ-

ence on reliability in NDT, since it is very competitive for service inspection companies, due 

to the number of competitors, the difficult relationship to their much larger customers, and the 

changing market situation in Germany. 

Regulatory Requirements in NDT are present in occupational safety and partly through sec-

tors, where rules for pressure equipment and nuclear plants have to be followed. 

The Technical Rules seem to be one of the strongest external influences on the reliability in 

NDT, since almost every recipient noted the use different kind of standards, often due to the 

demands of the customer. 

NDT-specific Ethical Influences could be identified through the need for certified personnel 

to sign a Code of Ethics and the conflict between the knowledge of the operator about the 
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relevance of their test result and the commercial pressure and imperfection during the job. 

Negative influences of the existing pressures of time and through undue actions of the cus-

tomer have been found. 

The influence of the Safety Culture of the customer could be found in recent publications but 

this survey gave no specific data. 

Regarding the Internal Organizational Context two organizations have been identified as hav-

ing the largest impact on NDT reliability: the service inspection company and its customer. 

The organization of the customer should be differentiated into functions described as Purchas-

ing, Quality and Production. 

The Business Process is lacking technical influence from the customer’s site, so it is a duty of 

the service inspection company to influence contracts regarding a high reliability in NDT. 

The Communication Process is characterized by the aim to collect all required data for a suit-

able test procedure and to guarantee optimal working conditions. Sometimes this task seems 

to be underestimated by the customer, but also by some supervisors too. 

The Delivery Process seems to be under good control, since it is the core competence of the 

operators to perform inspections. For the reporting it was noted that it is mainly the experi-

enced level 2 personnel performing this task, and often immediately after the test on-site. So 

the qualification and experience of level 2 personnel is very important for the reliability of 

NDT in service inspection companies.  

The aim of this work, to review existing publications, to draft models, and to validate the 

model by analyzing organizational influences has been achieved. 

For the Scientific Model of Reliability in NDT some new aspects of the Organizational Con-

text could be gained. This is mainly the differentiation between the internal and external or-

ganizational contexts and the identification of key factors within each context. 

Proposals 

The findings and proposals regarding the practice of service inspection companies are: 

1. Responsibilities: Due to the very autonomous work style of the inspection team, it seems 

to be clear for the operators to take responsibility for the major part of the NDT. A quali-

ty management system or procedure, describing their tasks in detail does not always exist, 

but is highly recommended. 
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Proposal:  

NDT specific quality management systems should be mandatory 

2. Inspection Procedure: The customer is often not able to deliver or not interested in doing 

so, all required data for the preparation of a complete procedure. A high degree of re-

sponsibility rests with the service inspection company to collect all data and to prepare a 

good procedure.  

 

Proposal: 

A procedure to collect all necessary data shall be available. 

3. Adequate time for the inspection is needed to complete it safely, accurately and reliably. 

The NDT business of the companies surveyed is often paid on an hourly basis, producing 

a certain amount of time pressure for the operators. So, the conditions are not optimal, but 

experienced operators are able to avoid “perceived” stress. Special care should be taken if 

operators with less experience are performing the inspection. They should be allowed to 

take more time. 

 

Proposal: 

Install a feedback system to retrieve data about how operators perceive their work condi-

tions. 

4. Safety culture of the customer: The NDT results will never be optimum if the customer is 

focused only on the expense of it. There are indications that some customers are not be 

willing to pay for quality and qualification or will try to influence the inspection report. 

Due to its market position, the service inspection company is in a weak position to 

change this.  

 

Proposal: 

To avoid ethical conflict for the operator the service inspection companies have to devel-

op strategies to deal with such problems. 

 

Proposal: 

A code of ethics should be signed by the service inspection company and its customer, as 

a general business condition for every contract. 

5. In order to promote a reliable and independent NDT, at least for public safety related are-

as, some modification of requirements would be appropriate.  
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Proposal: 

Instead of the producer, the final customer of the product or an independent authority 

should order or monitor the NDT.  

 

Proposal: 

Accreditation of NDT service inspection companies should be mandatory, as well as in-

dependent certification of the operators. 

6. Training: Bearing in mind the key role of the level 2 operator in the practice of service 

inspection companies, the existing training according to ISO 9712 should be improved. 

 

Proposal:  

Add more training on skills in communication and reporting of results to the training of 

level 2 personnel. 

 

7. Reliability of NDT: Understanding the key elements of reliability would be the basis of 

improvement. Until today only a small community of scientists share the knowledge con-

cerned. 

 

Proposal: 

Training about reliability in NDT and how to achieve it should become part of the train-

ing of level 2 and level 3 personnel. 

 

8. Literature: It is difficult to get a good overview of the basics and practical factors influ-

encing reliability in NDT. 

 

Proposal: 

A comprehensive guide about reliability in NDT should be produced and published. 
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9 Further Work 

This work was a beginning to understanding the basics of the organizational context in NDT.  

Limits have been the restricted sample regarding the membership in the German Society for 

NDT and the concentration on only one kind of company – the service inspection companies. 

A next step could be to take a broader sample including other industries. This would also open 

the possibility of analyzing the differences between NDT in a perfect laboratory and in the 

field. 

For further development, it would be of great interest to interview not only the management 

but also the operators in the field as well as the customers. This could lead to higher reliability 

of the results of this work. 

Finally, a last idea is to go deeper in to the organization of NDT regarding an optimal instruc-

tion of the operators as well as a kind of questionnaire for customers to gain all required in-

formation for the preparation of the NDT. 

This all could lead to a more reliable NDT with operators confident to gain the required re-

sults. 

A serious problem for the service inspection companies is the low reputation of their job. “If 

the client of the inspection company is looking for the cheapest possibility to fulfil legal or 

customer requirements only, fully convinced that his product is flawless and the NDT is only 

connected with extra (useless) costs then reliable NDT has no place.” (translated from [65]) 

This was published by Beushausen in 1997, repeated by McGrath 2008 [16] and verbally con-

firmed by participants in this survey. 

Here political work and intensive communication is required to inform the client about the 

influences of a reliable inspection, and to convince him about the saved costs by performing 

NDT.  

This is the task of every service inspection company as well as of the technical and scientific 

societies. 



10 References 101 

 

10 References 

[1] ZERBST, U. Safe life and damage tolerance aspects of railway axles - A review 

[online]. Engineering Fracture Mechanics. 2012, 2012. Available from: 

http://dx.doi.org/10.1016/j.engfracmech.2012.09.029. 

[2] RUMMEL, W. D. Nondestructive inspection reliability - history, status and future path. 

Proceedings 18th World Conference on Nondestructive Testing (18th WCNDT). Dur-

ban: South African Institute for Non-destructive Testing, 2012. 

[3] RUMMEL, W. D. A PATH FORWARD FOR NDE RELIABILITY. 

[4] MÜLLER, C., M. BERTOVIC, R. HOLSTEIN, D. KANZLER, J. PITKÄNEN, and T. 

HECKEL A Plenary View on the Vigour of our NDE Reliability Models. In: Deutsche 

Gesellschaft für Zerstörungsfreie Prüfung, ed. 5th European American Workshop on Re-

liability of NDE 2013 Conference Proceedings, 2013. 

[5] VAURIO, J. K. Human factors, human reliability and risk assessment in license renewal 

of a nuclear power plant [online]. Reliability Engineering & System Safety. 2009, 

94(11), 1818-1826 [viewed 30.03.2013]. Available from: 10.1016/j.ress.2009.05.014. 

[6] BERGERSEN, C. TOOL TO BE USED TO SURVEY AND IMPROVE SAFETY CUL-

TURE IN THE EUROPEAN RAILWAY INDUSTRY. Diploma Thesis. NTNU. Trond-

heim, 2003. 

[7] DEUTSCHE GESELLSCHAFT FÜR ZERSTÖRUNGSFREIE PRÜFUNG, ed. 4th 

European American Workshop on Reliability of NDE. June 24-26, 2009, Berlin, Ger-

many. Berlin: DGZfP, 2009. Berichtsband / Deutsche Gesellschaft für Zerstörungsfreie 

Prüfung e.V. 116, ISBN 978-3-940283-17-7. 

[8] POND, D. J., D. T. DONOHOO, and R. V. HARRIS, JR. An evaluation of human fac-

tors research for ultrasonic inservice inspection. 

[9] FAHLBRUCH, B. Integrating Human Factors in Safety and Reliability Approaches. In: 

Deutsche Gesellschaft für Zerstörungsfreie Prüfung, ed. 4th European American Work-

shop on Reliability of NDE. June 24-26, 2009, Berlin, Germany. Berlin: DGZfP, 2009. 

[10] WASSINK, C. Innovation in non destructive testing. Doctoral Thesis. Technical Uni-

versity. Delft, 2012. Available from: http://repository.tudelft.nl/assets/uuid:cd0e041c-

7e1f-4c28-bc34-b81f0e00e55b/Thesis_Innovation_in_NDT_Casper_Wassink.pdf. 

[11] SELBY, G. A review of NDE performance demonstrations. 2008. ASNT Fall Confer-

ence. 

[12] BORLOO, E., and P. LEMAÎTRE, eds. Non-destructive examination practice and re-

sults. State of the art and PISC III results : proceedings of the Joint CEC-OECD-IAEA 

Specialists Meeting, held at Petten on 8-10 March 1994. Luxembourg: Commission of 

the European Communities, Directorate-General XIII Information Technologies and In-

dustries, and Telecommunications, 1994. 15906 EN, ISBN 92-826-8813-5. 



10 References 102 

 

[13] ESTORFF, U. von, and P. LEMAÎTRE, eds. NDE techniques capability demonstration 

and inspection qualification. Luxembourg: Commission of the European Communities, 

1997, ISBN 9282807355. 

[14] HSE AND W. VISSER POD/POS curves for non-destructive examination. Sudbury: 

HSE Books. 2002. 2000/018, ISBN 0717622975. 

[15] CRUTZEN, S., R. NICHOLS, and A. G. MILLER PISC III: A Status Report. In: K. 

Kussmaul, ed. Structural mechanics in reactor technology. Transactions of the 12th In-

ternational Conference on Structural Mechanics in Reactor Technology, Stuttgart, 

Germany, 15-20 August 1993. Vol. A. Supplement. Amsterdam: Elsevier, 1993, pp. 255-

266. ISBN 9780444815156 

[16] MCGRATH, B. Programme for the assessment of NDT in industry. PANI 3. Prepared 

by Serco Assurance. Risley, UK, 2008. Available from: 

http://www.hse.gov.uk/research/rrpdf/rr617.pdf. 

[17] MÜLLER, C., M. GAAL, M. BERTOVIC, S. ZICKLER, B. FAHLBRUCH, V. 

SPOKOINY, D. SCHOMBACH, T. JUST, and H.-J. CRAMER. Untersuchungen zum 

Einfluss menschlicher Faktoren auf das Ergebnis von zerstörungsfreien Prüfungen, 

Möglichkeiten zur Minimierung dieses Einflusses und Bewertung der Prüfergebnisse : 

BfS-Projekt SR 2514 ; Endbericht ; Vorhaben 3607R02514 [online] [viewed 

01.03.2014]. Available from: https://doris.bfs.de/jspui/handle/urn:nbn:de:0221-

2009111107. 

[18] MÜLLER, C., M. BERTOVIC, M. PAVLOVIC, D. KANZLER, M. ROSENTHAL, J. 

PITKÄNEN, and U. RONNETEG Progress in Evaluating the Reliability of NDE Sys-

tems - Paradigm Shift. In: Deutsche Gesellschaft für Zerstörungsfreie Prüfung, ed. 4th 

European American Workshop on Reliability of NDE. June 24-26, 2009, Berlin, Ger-

many. Berlin: DGZfP, 2009. 

[19] DEUTSCHE GESELLSCHAFT FÜR ZERSTÖRUNGSFREIE PRÜFUNG, ed. Pro-

ceedings. European American Workshop Determination of reliability and validation 

methods on NDE : Berlin, Germany, June 18-20, 1997. Berlin: Deutsche Gesellschaft 

für Zerstörungsfreie Prüfung, 1997. 60, ISBN 3931381188. 

[20] KURZ, J. Probability of Detection (POD) dertemination using ultrasound phased array 

for considering NDT in probabilistic damage assessments. Proceedings 18th World 

Conference on Nondestructive Testing (18th WCNDT). Durban: South African Institute 

for Non-destructive Testing, 2012. ISBN 978-0-620-52872-6 

[21] BERTOVIC, M., P. CALMON, L. CARTER, J. FISHER, D. FORSYTH, R. HOL-

STEIN, B. MCGRATH, C. MÜLLER, M. PAVLOVIC, U. RONNETEG, W. D. 

RUMMEL, F. SCHUBERT, and G. SELBY Summary of the Open Space Technology 

Discussions. In: Deutsche Gesellschaft für Zerstörungsfreie Prüfung, ed. 5th European 

American Workshop on Reliability of NDE 2013 Conference Proceedings, 2013. ISBN 

978-3-940283-53-5 



10 References 103 

 

[22] BERTOVIC, M., B. FAHLBRUCH, and C. MÜLLER. Human Factors Perspective on 

the Reliability of NDT in Nuclear Applications [online]. Materials Testing. 2013, 55(4), 

243-253 [viewed 28.04.2014]. Available from: http://www.hanser-

elibrary.com/doi/abs/10.3139/120.110431 

[23] Paper summaries book : American European Workshop on Nondestructive Inspection 

Reliability. Columbus, Ohio: ASNT, 1999, ISBN 1-57117-041-3. 

[24] SWAIN, A. D. and H. E. GUTTMANN Handbook of Human Reliability Analysis with 

Emphasis on Nuclear Power Plant Applications A. D. Final Report. Albuquerque, 1983 

NUREG/CR- 1278. 

[25] HEASLER, P., T. TAYLOR, J. SPANNER, S. DOCTOR, and J. DEFFENBAUGH 

Ultrasonic Inspection Reliability for Intergranular Stress Corrosion Cracks, A Round 

Robin Study of the Effects of Personnel, Procedures, Equipment and Crack Characteris-

tics. Report NUREG/CR-4908, PNL-6196. Washington, 1990. 

[26] MÜLLER, C., M. SCHARMACH, V KOCHINA, and D MARKUCIC General Princi-

ples of Reliability Assessment of Nondestructive Diagnostic Systems and its Applicabil-

ity to the Demining Problem.  

Available from: http://www.ndt.net/article/ecndt02/397/397.htm 

[27] RICHTER, H.-U. Chronik der zerstörungsfreien Materialprüfungnen. DGZfP, Deutsche 

Gesellschaft für Zerstörungsfreie Prüfung e.V. Berlin: DVS-Verlag. 1999,  

ISBN 9783871559426. 

[28] ISO 9712:2012, Non-destructive testing: qualification and certification of NDT person-

nel. 

[29] ISO/IEC 17024:2012, General requirements for bodies operating certification of per-

sons. 

[30] HOLSTEIN, R. A new edition of ISO 9712 [online]. The Israeli National Society for 

Non Destructive Testing. 2012, (February), 20. Available from: 

http://www.files.org.il/BRPortalStorage/a/1/15/67/85-4SjpurRlpJ.pdf. 

[31] LATORELLA, K., and P. PRABHU. A review of human error in aviation maintenance 

and inspection [online]. International Journal of Industrial Ergonomics. 2000, 26(2), 

133-161. Available from: DOI 10.1016/S0169-8141(99)00063-3. 

[32] DIN EN ISO 9000:2005, Quality management systems – Fundamentals and vocabulary. 

[33] KETTUNEN, J. and L. NORROS Inhimillisten ja organisatoristen tekijöiden yhteys 

NDT-tarkastusten luotettavuuteen. Katsaus kansainväliseen kirjallisuuteen. Helsinki: 

Säteilyturvakeskus. 1996. 103, ISBN 951-712-118-0. 

[34] ENKVIST, J., A. EDLAND, and O. SVENSON Human Factors Aspects of Non-

Destructive Testing in the Nuclear Power Context. SKI Report 99:8. Stockholm, 1999. 

ISSN 1104-1374 

[35] F-BB Untersuchung zu neuen und modernisierten Berufsprofilen und einem Berufs-

gruppenprinzip für prüftechnische Berufe. Abschlussbericht, 2012. unpublished 



10 References 104 

 

[36] ASME BPVC: Boiler and Pressure Vessel Code. 2010 Edition ASME 

[37] Directive 97/23/EC of the European Parliament and of the Council on the approxima-

tion of the laws of the Member States concerning pressure equipment. 

[38] EN 13445-5:2009 Unfired pressure vessels – Part 5: Inspection and testing; 

[39] KTA 3201.4, Components of the Reactor Coolant Pressure Boundary of Light Water 

Reactors; Part 4: In-service Inspections and Operational Monitoring. 

[40] ISO/IEC 17025:2005, General requirements for the competence of testing and calibra-

tion laboratories. 

[41] ISO/IEC 17020:2004, General criteria for the operation of various types of bodies per-

forming inspection 

[42] EA-4/15 G:2002, Accreditation for Bodies performing Non-destructive Testing. 

[43] EFNDT. EFNDT Guidelines: Overall NDT Quality System [online] [viewed 

30.03.2013]. Available from: 

http://www.efndt.org/Portals/14/doc/Guidelines%20Overall%20NDT%20Quality%20S

ystem%20Issue%201%20080618.pdf. 

[44] SELBY, G. Discussion of likely outcomes for industry after North Anna SG DM UT. 

unpublished lecture 

[45] CUMBLIDGE, S. Notable Failures in Nondestructive Testing [online] [viewed 

08.04.2014]. Available from: 

http://pbadupws.nrc.gov/docs/ML1316/ML13162A140.pdf. 

[46] OFFICE OF NUCLEAR REGULATORY RESEARCH Research Activities FY 2012 - 

FY 2014. NUREG-1925 Rev 2, 2013. Available from: 

http://kgrs.public.haifire.com/NRCDocuments/RegulatoryGuides-

NUREGS/NUREGs/NUREG-1925Rev2Research%20Activities%20FY%202012%20-

%20FY%202014%208-31-13%20ML13242A030.pdf. 

[47] ENGEL, A. Sozialwissenschaftliche Datenanalyse. Mannheim: BI Wissenschaftsverlag. 

2001, ISBN 978-3411171316. 

[48] UNITED NATIONS STATISTICAL COMMISSION AND ECONOMIC COMMIS-

SION FOR EUROPE Terminology on statistical metadata. CONFERENCE OF EU-

ROPEAN STATISTICIANS STATISTICAL STANDARDS AND STUDIES – No. 53. Ge-

neva: UNO. 2000. 53, ISBN 9211167612. 

[49] GAAL, M., M. BERTOVIC, C. MÜLLER, S. ZICKLER, B. FAHLBRUCH, V. SPO-

KOINY, D. SCHOMBACH, T. JUST, and H.-J. CRAMER Untersuchungen zum Ein-

fluss menschlicher Faktoren auf das Ergebnis von zerstörungsfreien Prüfungen, Mög-

lichkeiten zur Minimierung dieses Einflusses und Bewertung der Prüfergebnisse. End-

bericht. Vorhaben 3607R02514. Berlin, 2009. 

[50] BHATTACHERJEE, A. Social Science Research: Principles, Methods, and Practices 

Book 3. Tampa, FL: USF Tampa Bay Open Access Textbooks Collection. 2012, ISBN 

9781475146127. 



10 References 105 

 

[51] CHARLTON, S., and T. O'BRIEN, eds. Handbook of Human Factors Testing and 

Evaluation, Second Edition // Handbook of human factors testing and evaluation. Mah-

wah: Lawrence Erlbaum, 2002, ISBN 1-4106-0380-6. 

[52] TAYLOR, B. Guidelines for Evaluating and Expressing the Uncertainty of NIST Meas-

urement Results. NIST Technical Note 1297. Washington, 1994. 

[53] KROMIDAS, S. Validierung in der Analytik 2. überarb. Aufl. Weinheim [u.a.]: Wiley-

VCH. 2011, ISBN 978-3-527-32939-7. 

[54] FROST & SULLIVAN World Nondestructive Test Inspection Services Market. An In-

destructible Future, 2011. Available from: https://www.frost.com/sublib/display-

market-

in-

sight.do?searchQuery=ndt&ctxixpLink=FcmCtx1&ctxixpLabel=FcmCtx2&id=223778

470&bdata=aHR0cHM6Ly93d3cuZnJvc3QuY29tL3NyY2gvY2F0YWxvZy1zZWFyY

2guZG8%2FcGFnZVNpemU9MTImcXVlcnlUZXh0PW5kdCZwYWdlPTJAfkBTZW

FyY2ggUmVzdWx0c0B%2BQDE0MDA3MDI4NDczOTk%3D  

[55] SACHS, L. and J. HEDDERICH Angewandte Statistik. Methodensammlung mit R 13. 

aktual. und erw. Aufl. Berlin [etc.]: Springer. 2009, ISBN 9783540889014. 

[56] KUß, A. Großzahlige Befragungen. In: C. Baumgarth, ed. Empirische Mastertechniken. 

Eine anwendungsorientierte Einführung für die Marketing- und Managementforschung. 

Wiesbaden: Gabler, 2009, pp. 263-289. ISBN 9783834915726 

[57] BACKHAUS, Klaus Industriegütermarketing 7. erw. und überarb. Aufl. München: 

Vahlen. 2003. Vahlens Handbücher der Wirtschafts- und Sozialwissenschaften,  

ISBN 9783800628865. 

[58] BUSCHFELD, D., B. DILGER, L. HEß, K. SCHMID, and E. VOSS Identification of 

Future Skills Needs in micro and craft (-type) enterprises. Final Report. Cologne, Ham-

burg, Vienna, 2011. Available from: 

http://ec.europa.eu/enterprise/policies/sme/promoting-

entrepreneurship/files/skillsneeds_final_report_final_180211_en.pdf. 

[59] HOLSTEIN, R., M. BERTOVIC, D. KANZLER, and C. MÜLLER Situation der Zer-

störungsfreien Prüfung vor Ort - Gültigkeit bestehender Modelle der Zuverlässigkeit in 

der industriellen Praxis. Proceedings DGZfP Jahrestagung Zerstörungsfreie Material-

prüfung 2013. Berlin: DGZfP, 2013. ISBN 978-3-940283-49-8 

[60] BERTOVIC, M., M. GAAL, C. MÜLLER, and B. FAHLBRUCH. Investigating human 

factors in manual ultrasonic testing: testing the human factors model [online]. Insight. 

2011, 53(12), 673-676 [viewed 28.04.2014].  

Available from: doi 10.1784/insi.2011.53.12.673. 

[61] ZELLER, B. Forschen in und mit Unternehmen. Das Kooperative Analyseverfahren. In: 

F. Stuber, ed. Berufsschullehrer praxisnah ausbilden: kompetenzorientierte Praxisfor-

schung: Stifterverband für die Deutsche Wissenschaft, 2005, pp. 38-43. 



10 References 106 

 

[62] HOLSTEIN, R., M. BERTOVIC, D. KANZLER, and C. MÜLLER NDT Reliability in 

the Organizational Context of Service Inspection Companies. In: Deutsche Gesellschaft 

für Zerstörungsfreie Prüfung, ed. 5th European American Workshop on Reliability of 

NDE 2013 Conference Proceedings, 2013. ISBN 978-3-940283-53-5 

[63] INTERNATIONAL ATOMIC ENERGY AGENCY Safety culture - a Report. Vienna: 

International Atomic Energy Agency. 1991. Safety series. 75-INSAG-4,  

ISBN 92-0-123091-5. 

[64] DALEY, J. Renewable Power in Germany Gets Boost from Merkel’s Re-election 

[online] [viewed 27.04.2014]. Available from: http://oilprice.com/Alternative-

Energy/Renewable-Energy/Renewable-Power-in-Germany-Gets-Boost-from-Merkels-

Re-election.html. 

[65] Beushausen, Willi Das Verhältnis von Dienstleister und Auftraggeber, 1997.  

Available from: http://www.ndt.net/article/dgzfp/dach59/beushaus/beushaus.htm. 



11 Declaration of Academic Integrity 107 

 

11 Declaration of Academic Integrity 

 

I declare that I have completed this thesis independently and without any means apart from 

the ones stated within the work. Any thoughts taken directly or indirectly from external 

sources are properly marked as such. This thesis has not been submitted to an examination 

board before and was not yet published. 

 

Ostrava, 15.05.2014 



12 Lists of Figures, Tables and Abbreviations 108 

 

12 Lists of Figures, Tables and Abbreviations 

12.1 List of Figures 

Figure 1  Typical Receiver Operating Characteristics – Curve .................................................... 18 

Figure 2  Typical Probability of Detection Curve calculated from signal amplitudes................... 19 

Figure 3  The modular reliability model ..................................................................................... 20 

Figure 4  Ideal Work Process Cycle on Testing technology Work Places  ................................... 32 

Figure 5   Empirical research as an iterative process modified from ............................................ 45 

Figure 6  Number of missing answers ........................................................................................ 54 

Figure 7  Industrial sector as focus of activity ............................................................................ 55 

Figure 8 NDT-Personnel sorted by qualification level ............................................................... 56 

Figure 9  Quality Assurance Systems in Use .............................................................................. 57 

Figure 10 Role of Accreditation .................................................................................................. 57 

Figure 11 Reasons for ordering NDT .......................................................................................... 58 

Figure 12  Actual Qualification of NDT Personnel ....................................................................... 59 

Figure 13  Qualification required by customer ............................................................................. 60 

Figure 14  Seldom requested qualifications .................................................................................. 60 

Figure 15  Role of Training at Education Provider ISO 9712 ....................................................... 61 

Figure 16  Source of Product Knowledge ..................................................................................... 62 

Figure 17  Team Size local vs. major job ..................................................................................... 63 

Figure 18  Recertification acc. ISO 9712 ..................................................................................... 63 

Figure 19  Time pressure on NDT-Personnel ............................................................................... 64 

Figure 20  Time pressure according to company size ................................................................... 64 

Figure 21  Compensation Model vs. Company Size ..................................................................... 65 

Figure 22  Process Involvement of Customer Departments........................................................... 66 

Figure 23  Technical Details to expect from Customer ................................................................. 67 

Figure 24  Transfer of additional Details ...................................................................................... 67 

Figure 25  Time of evaluation ...................................................................................................... 69 

Figure 26  Way of information about the result ............................................................................ 69 

Figure 27  Wish for Modification of Test Result .......................................................................... 70 

Figure 28  Field of Activity relatet to turnover ............................................................................. 73 

Figure 29  Quality Management in Relation to Focus of Activity ................................................. 74 

Figure 30  Sum of NDT-personnel up to Level-2 in Relation to Level-3 ....................................... 75 

Figure 31  Percentage of Level-3-persons in Relation to Turnover ............................................... 76 

Figure 32  Qualification offered vs. Qualification requested ......................................................... 77 

Figure 33  Number of Qualifications per operator in Service inspection companies ...................... 78 

Figure 34  Main elements of Modular Model on Reliability in NDT............................................. 83 

Figure 35  Social context as published in [62] .............................................................................. 85 

Figure 36  Process overview ........................................................................................................ 87 

Figure 37  Involved parties in various phases of the purchasing process  ...................................... 87 

Figure 38  Abstract of internal context of NDT ............................................................................ 89 

Figure 39  Task overview of NDT services .................................................................................. 93 



12 Lists of Figures, Tables and Abbreviations 109 

 

12.2 List of Abbreviations 

ASME American Society of Mechanical Engineering 

ASNT American Society for Non-destructive Testing 

BPVC Boiler and Pressure Vessel Code 

HF Human Factor 

ISO International Standards Organization 

NDE Non-destructive Evaluation 

NDI Non-destructive Inspection 

NDT Non-destructive Testing 

PANI Program for the assessment of NDT in industry 

PED Pressure Equipment Direction of EU 

PICS Program for the Inspection of Steel Components 

POD Probability of Detection 

ROC Receiver Operator Characteristics 

VDMA German association of machine tools and plant engineering 

EFNDT European Federation for NDT 

Operator Synonym for personnel executing tests 

Inspection NDT is often less measurement than comparative action or visual control.  

That’s why the term inspection is often used. 
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13 Annex A Questionnaire 

Questionnaire 

Questionnaire 

No. Question Answ. Perc. 

C 1 In which industrial sector lays the focus of your activi-

ty? 

 

 

 Production of Boilers and Pressure Vessels 28 20% 

 Machinery and Equipment Manufacturing 35 25% 

 Power Generation and Transmission 28 20% 

 Shipbuilding/Automotive/Railway 9 6% 

 Aerospace: Production and Maintenance 6 4% 

 Chemical and Petrochemical Industries 33 24% 

 Nominations (Multiple Choice) 139 
 

 received answers 47 
 

 without answer 0 
 

  
  

C 2 What is the annual turnover of your company? 
  

 Up to 2,5 Mio. EUR 17 36% 

 Up to 5 Mio. EUR 6 13% 

 Up to 10 Mio. EUR 3 6% 

 Up to 20 Mio. EUR 1 2% 

 More than 20 Mio. EUR 5 11% 

 no comment 15 32% 

 Sum 47 
 

 without answer 0 
 

  
  

C 3 What kind of are your main customers? 
  

 Customers with high safety demand  

(public transport, power plant, chemical Industries) 
5 11% 

 Customers with average safety demand  

(municipal utility, metal construction, machinery) 
3 7% 

 both 38 83% 

 Sum 46 
 

 without answer 1 
 

  
  

C 4 Which place is the focus of your work? 
  

 Jobs in our company 3 7% 

 Jobs at the place of the customer 16 36% 

 both 25 57% 

 Sum 44 
 

 without answer 3 
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C 5 How many Level-3-Persons do you employ? 
  

 answers 44 
 

 without answer 3 
 

 Minimum 0 
 

 Maximum 20 
 

 Average 4,5 
 

  
  

C 6 How many Level-2-Persons do you employ? 
  

 answers 45 
 

 without answer 2 
 

 Minimum 1 
 

 Maximum 300 
 

 Average 47,3 
 

  
  

C 7 How many Level-1-Persons do you employ? 
  

 answers 43 
 

 without answer 4 
 

 Minimum 0 
 

 Maximum 200 
 

 Average 11,5 
 

  
  

C 8 How many inspection assistants do you employ? 
  

 answers 41 
 

 without answer 6 
 

 Minimum 0 
 

 Maximum 49 
 

 Average 4,7 
 

  
  

C 9 Is temporary work of NDT-personnel important for 

you?   

 We supply temporary NDT-Staff 15 32% 

 We hire temporary NDT-staff 12 26% 

 No, we don't use this kind of staff 20 43% 

 Nominations (Multiple Choice) 47 
 

 received answers 47 
 

 without answer 0 
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C 10 Is the work of your company external reviewed?  
  

 Customer perform Audits 29 28% 

 ISO 9001 22 21% 

 Accreditation acc. to ISO 17025 36 34% 

 Accreditation acc. to ISO 17020 10 10% 

 VDMA 2 2% 

 Railways 6 6% 

 Nominations (Multiple Choice) 105 
 

 received answers 45 
 

 without answer 2 
 

  
  

C 11 What is your view on the role of accreditation of la-

boratories?   

 Most customers demand an accreditation 27 47% 

 Only a few customers demand an accreditation 10 18% 

 It supports standardized Inspections  11 19% 

 It has no relevance for us 9 16% 

 Nominations (Multiple Choice) 57 
 

 received answers 45 
 

 without answer 2 
 

  
  

C 12 According to your view: What is the major reason of 

customers to order an inspection?   

 Demands of Law or Authorities 32 27% 

 Requirements of the Purchaser of the Product 34 29% 

 General Requirements of Quality Assurance 29 25% 

 Liability for Safety Parts 16 14% 

 Research and Development 7 6% 

 Nominations (Multiple Choice) 118 
 

 received answers 47 
 

 without answer 0 
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Q 1 According to which Recommendations and Norms did 

you qualify your NDT-personnel?   

 ASNT-TC-1A 29 31% 

 ISO 9712 / EN 473 46 48% 

 EN 4179 / MIL 410 10 11% 

 additional Railway maintenance 10 11% 

 Nominations (Multiple Choice) 95 
 

 received answers 46 
 

 without answer 1 
 

  
  

Q 2 Which qualification system is mainly required by your 

customers?   

 ASNT-TC-1A 9 15% 

 ISO 9712 / EN 473 46 74% 

 EN 4179 / MIL 410 5 8% 

 additional Railway maintenance 2 3% 

 Nominations (Multiple Choice) 62 
 

 received answers 46 
 

 without answer 1 
 

  
  

Q 3 Which importance has the training according ISO 

9712 at the education supplier?   

 No importance 1 2% 

 Providing basic knowledge about the NDT-method 17 36% 

 Acquiring of substantial Knowledge and Skills, which 

need only minor improvement in our company 
10 21% 

 Acquisition of testimonials and certificates  19 40% 

 Sum 47 
 

 without answer 0 
 

    

Q 4 What are the most important sources for the operators, 

to gain knowledge about typical defects in the objects 

to inspect? 
  

 Vocational Training 13 9% 

 NDT-training at education suppliers 26 18% 

 internal training in your company 28 19% 

 practical experience on-site 45 31% 

 Documentations of the customer 9 6% 

 Team meetings 23 16% 

 Nominations (Multiple Choice) 144 
 

 received answers 46 
 

 without answer 1 
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Q 5 What kind of specialization does the operators receive 

with increasing experience?    

 Concentration on one Testing method 17 30% 

 Concentration on special components using different 

methods 
31 54% 

 Concentration on a special type of customer 9 16% 

 Nominations (Multiple Choice) 57 
 

 received answers 47 
 

 without answer 0 
 

    

Q 6 In which testing sector you receive only seldom or-

ders, despite the fact, that you could provide qualified 

personnel? 
  

 Methods like ET, LT, IT 31 48% 

 Sectors like Aerospace, Railways 15 23% 

 Standards like ASME, API 7 11% 

 no answer possible 11 17% 

 Nominations (Multiple Choice) 64 
 

 received answers 47 
 

  
  

Q 7 What is the typical size of an inspection team during 

small local jobs?   

 1-2 Persons 35 80% 

 2-5 Persons 8 18% 

 More than 5 Persons 1 2% 

 Sum 44 
 

 without answer 3 
 

  
  

Q 8 What is the typical size of an inspection team during 

major jobs?   

 1-2 Persons 6 13% 

 2-5 Persons 23 50% 

 More than 5 Persons 17 37% 

 Sum 46 
 

 without answer 1 
 

    

Q 9 How would you estimate the time pressure on the op-

erators during the performance of the job? 
  

 The operators have enough time 10 21% 

 The operators are under a certain pressure of time 22 47% 

 The operators are under high pressure of time 15 32% 

 Sum 47 
 

 without answer 0 
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Q 10 What is the typical basis for the compensation of the 

inspection job?   

 Job-related compensation (per job, per exposure) 6 13% 

 Time-based (per work hour, travel time) 14 30% 

 both types equal distributed 27 57% 

 Sum 47 
 

 without answer 0 
 

 without answer 0 
 

  
  

Q 11 What is the typical allocation of testing equipment? 
  

 Operators use, depending on the job, different equip-

ment 
27 57% 

 Operators use personally assigned equipment for 

longer periods of time  
17 36% 

 no answer possible 3 6% 

 Sum 47 
 

 without answer 0 
 

  
  

Q 12 How intensive is the communication between Level-3/ 

Supervisor and operator?   

 Daily meetings 18 35% 

 Weekly meetings 12 23% 

 Meetings are required only during briefing and if 

problems occur 
8 15% 

 The Level-3 is normally talking with the Employ-

er/Customer, the operators are supervised by an expe-

rienced Level-2-Person 

14 27% 

 Nominations (Multiple Choice) 52 
 

 received answers 43 
 

 without answer 4 
 

  
  

Q 13 What percentage of their working time does the opera-

tors spend on-site?   

 answers 46 
 

 without answer 1 
 

 Minimum 0 
 

 Maximum 100 
 

 Average 72,1 
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Q 14 What is your opinion about recertification examina-

tion very 10 years?   

 They refresh the knowledge of the operators 18 18% 

 They are essential to demonstrate independently the 

competency of the operators to our customers 
27 28% 

 They are of less importance, since operators show 

their competency on their daily work 
14 14% 

 They are problematically, since specialized operators 

have to demonstrate more general skills 
11 11% 

 The costs are not honored by our customers 28 29% 

 Nominations (Multiple Choice) 98 
 

 received answers 47 
 

 without answer 0 
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O 1 Which department of the customer is responsible for 

discussing the commercial processing of the inspec-

tion job? 

  

 General Management 1 2% 

 Purchasing 29 64% 

 Quality Department 12 27% 

 Production 3 7% 

 Nominations (Multiple Choice) 45 
 

 received answers 45 
 

 without answer 2 
 

  
  

O 2 Which department of the customer is responsible for 

discussing the technical details of the inspection job?   

 General Management 2 3% 

 Purchasing 4 5% 

 Quality Department 43 54% 

 Production on-site 31 39% 

 Nominations (Multiple Choice) 80 
 

 received answers 47 
 

 without answer 0 
 

  
  

O 3 Do you provide intensive advice to your customer in 

terms of possible Testing Methods, normative Rules 

or Examination Categories? 

  

 This is only seldom required 8 17% 

 This happens often 21 45% 

 This is almost every time the case 18 38% 

 Sum 47 
 

 without answer 0 
 

  
  

O 4 Which content does the requirements contain, you 

receive from your customer for the inspection job? 
  

 Requirements about Place and Time 39 29% 

 General Requirements about the Object to test and the 

Scope 
43 32% 

 Requirements about normative Basis and Examination 

Categories 
25 19% 

 Delivery of Inspection Procedure 15 11% 

 Guidance about handling of possible defective prod-

ucts 
11 8% 

 Nominations (Multiple Choice) 133 
 

 received answers 47 
 

 without answer 0 
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O 5 Which additional details you receive often by your 

customer?   

 Reason for the Inspection 28 36% 

 Function of the inspected Component 20 26% 

 History of component 5 6% 

 Known Defects on the Component 13 17% 

 Defects which occurred on similar Components 12 15% 

 Nominations (Multiple Choice) 78 
 

 received answers 45 
 

 without answer 2 
 

  
  

O 6 On which communication channel does an operator 

receive the technical details of the inspection job? 
  

 Written through the Inspection Procedure 29 30% 

 Briefing by supervisor of inspection 26 27% 

 Briefing by customer 22 23% 

 Development of the details by the operator on-site 19 20% 

 Nominations (Multiple Choice) 96 
 

 received answers 47 
 

 without answer 0 
 

  
  

O 7 How often do the Operator have to request ask about 

details on-site?   

 Seldom 15 32% 

 more often 17 36% 

 very often 15 32% 

 Sum 47 
 

 without answer 0 
 

    

O 8 Which department of the customer is responsible for 

discussing the schedule of the inspection job?   

 General Management 0 0% 

 Purchasing 5 12% 

 Quality Department 12 29% 

 Production on-site 24 59% 

 Sum 41 
 

 without answer 6 
 

  
  

O 9 How often do you have to change the schedule of the 

inspection after begin?   

 Very often 10 22% 

 More often 24 52% 

 Seldom 12 26% 

 Sum 46 
 

 without answer 1 
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R 1 At what time the evaluation of the results is done? 
  

 On-site by experienced operators 20 32% 

 On the sport by specialists of the customer 8 13% 

 In our company by the supervisor 6 10% 

 All kinds occur 29 46% 

 Nominations (Multiple Choice) 63 
 

 received answers 47 
 

 without answer 0 
 

  
  

R 2 Who is drafting the report? 
  

 The Inspection Team  39 68% 

 The Supervisor 10 18% 

 A specialist 8 14% 

 Nominations (Multiple Choice) 57 
 

 received answers 47 
 

 without answer 0 
 

  
  

R 3 How is the customer informed about the result? 
  

 He receives the report without explanations per mail 19 21% 

 The report is handed over personally and explained 28 30% 

 The result is explained just on-site 33 36% 

 The parts inspected are sorted into good and bad 12 13% 

 Nominations (Multiple Choice) 92 
 

 received answers 47 
 

 without answer 0 
 

  
  

R 4 Which department of the customer receives the written 

report?   

 General Management 0 0% 

 Purchasing 1 2% 

 Quality Department 30 65% 

 Production on-site 15 33% 

 Sum 46 
 

 without answer 1 
 

  
  

R 5 Does it happen, that the customer wishes to modify 

the inspection result? (Lower test requirements, report 

without stating repairs...) 

  

 Almost never 18 38% 

 Sometimes with small local customers 23 49% 

 Sometimes on major jobs 3 6% 

 It never happened 3 6% 

 Sum 47 
 

 without answer 0 
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Final remarks of respondents 

1. The assignment of the NDT shall not be transferred to the pipe fitters/installation 

company by the contracting authorities. The commissioning and direct communication 

on the status of quality must be discussed directly with the customer. 

2. Especially with NDT services operators are in daily duties and need to demonstrate 

their technical skills and competences on a daily basis to the customer or its customer. 

From our point of view, even the competition among service providers ensure that the 

company delivers technically reliable service to the customer in the form of his staff. 

An accreditation or similar audits afford the same. For these reasons, we see the 10-

year recertification, based on the fundamentals of the methods, as not as necessary, 

since with the lack of qualification of certified personnel, the market adjusted this de-

formity quickly. 

3. The recertification every 10 years is too time consuming 

4. The requirement for vocational education should be reconsidered for the approval of 

NDT personnel. 

5. The certification of operators and accreditation of the company are required by the 

customer but not rewarded. 

6. Due to the variety of different equipment (eg at the UT-testing), extensive equipment 

knowledge is required. Constantly growing administrative tasks requires the operators 

to have more and more IT skills. 

7. Cost and length of re-certifications increase the cost pressure on the company. 

8. In bodies and standards committees should be only people from the practice 


