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1. Overview of Certification Methodology: The presentation will
outline our approach to enhancing technical competencies within the
pipeline integrity sector, highlighting key aspects of our certification
journey.
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2. Al'in Pipeline Integrity: 1 will also share insights from a
comparative study of Al performance against 40 pipeline integrity
engineers globally.

3 | ROSEN External extended | © ROSEN Group 2024



Agenda
Pipeline Integrity Engineers versus Al

01

02

03

04

Defining Competence in Pipeline
Integrity

Competency Standards & Methodology

Engineers vs Al: Exam Design and Test
Results

Analysis, Lessons Learned, and
Implications for the Future

4 | ROSEN Master extended | © ROSEN Group 2024

| A

ROSEN

:: ~ empoweled by technology

¢




Pipeline Integrity Engineers versus Al
Competency Standards & Methodology
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ROSEN GROUP The Competency

Standards Manual

The Motivation

The Specification
- Set up of the

Education Group « 52 Competency
Standards, 6

* Sponsored the qualifications

initiative
 Pipeline Integrity
Engineer, 8
competencies
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The Qualification Panel
for the Pipeline Industry

The Competence
Club

The Learning

The Assessment

20+ international SME

L : .
8 independent judges earning guides

.  Learning programs
9 exams, 80+ questions gpred

each, 3 exam writers * Learning platform
each

40+ beta testers for
each
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ANSI National Accreditation Board
ACCREDITED

ISO/IEC 17024

PERSONNEL CERTIFICATION
BODY

The ANAB
Accredited
Certifications

The Certification
and Accreditation

ISO 17024 accredited
by ANAB (ANSI
National Accreditation
Board)
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Pipeline Integrity Engineers versus Al
Competency Standards & Methodology

- First, we need to specify the required competencies for the
job. We need a ‘competency standard’.

 In a competency standard we break down the job into key
knowledge statements to allow us to design learning and
assessment. These standards apply to both engineers and Al
tools.

- Competency assessment tools have been used to
benchmark engineers’ competence vs Al tools in pipeline
integrity.
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The framework for competency development and
assessment used in the study is based on the
Competency Standards Manual for Pipeline Integrity
Management, Edition 3, 2022




Pipeline Integrity Engineers versus Al
The Learning e

Competence
Club

Second, we need learning resources, and learning guides:

Complete six pre-schools (optional Video Presentations
background and prior knowledge)

History of Fracture Mechanics Reading (50 pages)
Toughness of Materials Video Presentations (1.5 hours)
Stresses Reading (40 pages)

Fracture Mechanics Video Presentations (2 hours)
Fracture Mechanics Assessment Codes Video Presentations (2 hours)
Fatigue Fracture Mechanics Video Presentations (2 hours)
Software Self-directed

Case Studies Transparency

Data Handling Self-directed

Revision Self-directed

Assessment (optional) Examination
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Pipeline Engineers versus Al
Engineers vs Al: Exam Design and Test Results

- Third, we designed the assessment of each competency (written
examination).

« Assessments are conducted against specified criteria (those
listed in a competency standard), in this case formal

examinations. ,
Practice Assessment

Duestion 1 The figure shows the growth rate of a crack (of size a) per cycle of fatigue (N), versus the cyclic strass intensity factor
" (DK). What is the relationship between da/dN and DK in region Z7
answered
Points out of 10 =
d
¥ Aag |
question '§|
log AK
Select one:
© a.daldN =m{AK)F
© b.da/dN = CIAK)™
© . log da/dN= log ClAK)™
© d.dafdN = (CAK)™
Ouestion 2 A grade X&5 pipeline, coated in a 3-layer polyurethane, with no pressure cycles, operating at 5°C, at a hoop stress of
Hoe yet 25% SMYS, is unlikely to contain stress corrosion cracking primarily because of:
answered
PREtS CutoF 10 Select one:
¥ Fag © a.The low hoop stress.
fuestion © . The low operating temperature.
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Engineers vs Al: Exam Design
The Topics

« 5 out of the 8 subjects part of the Pipeline Integrity Engineer
Qualification at Foundation Level:

« Pipeline Engineering Principles

« Pipeline Integrity Management

e Pipeline Defect Assessment

 Inline Inspection Technologies and Procedures
« Fracture Mechanics

 Pipeline Stress Analysis

- Data analysis and Reporting

+ Pipeline Inspection and Surveillance
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Engineers vs Al: Exam Design
Meet the Candidates

Blind Bot: with no prior topic training

Informed Bot: with access to only information about the exam topic

Trained Bot: with access to all verified training materials in all topics

Beta Testers: with access to all materials as trained Bot
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Engineers vs Al: Exam Design \ O\ RQ ENA(

Exams

Proportion of Question Difficulty

CS032F I A
CS022F ]
CS020F ]
CS014F ]
CS001F B &

0% 20% 40% 60% 80% 100%
Easy = Medium mHard
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Engineers vs Al: Exam Design
Exams — Example of Difficult Question for the Bot

Which of these tools is most likely to detect and size a lack of fusion
anomaly along the longitudinal seam weld in a liquid pipeline?

a) Axial magnetic flux leakage (Chatbot answer)
b) Ultrasonic compression wave

c) Ultrasonic shear wave

d) Transverse magnetic flux leakage

Bot consistently chose a), which is tied with b) for the worst answer.

While not recommended by APl 1176, some engineers may answer d) since
that technology can potentially find LOFs, just not reliably.
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Engineers vs Al: Exam Design and Test Results

Engineers vs Al: Test Results

Engineers versus Al (Informed) Performance for 5 Exams
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Engineers are better than bots... currently
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Engineers vs Al: Exam Design and Test Results
Engineers vs Al: Multiple Choice Questions ROSEN
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Multiple-choice questions can still be used for higher-order learning,
but tend to favor recall over critical thinking.

*An academic study* showed that Al outperforms university students
in earlier years, but struggles with abstract reasoning in more advanced
exams.

*This supports the idea that while Al is good at content recall, it has
difficulties with complex reasoning and critical thinking compared
to engineers.

*| Youngs, ‘Al can beat university students, study suggests’, BBC News. 26th June, 2024.
https://mww.bbc.co.uk/news/articles/cqqqlnOeg650#:~:text=The%20scores%20by%20the%20Al,reasoning%22%20



Engineers vs Al: Exam Design and Test Results
Engineers vs Al: Test Results

Pipeline Engineering Principles CSO01F
Aland Human Score Distributions
Mean=71.25

;

-
/

Minimum
human value

Maximum
human value

30 33 37 4 45 49 53 57 61 65 69 73 77 81 85 89 923 97
X=Score

C—AIBlind Score Range 1Al Informed Score Range C—1 Al Trained Score Range
i__“tHuman Score Range = = Human Mean Score
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Engineers (as expected) show a
wide spread (binomial) of scores
— some very high or very low.
The test for an engineer can give
you information of staff
capabilities, compared to others
The bots can only generate
narrow distributions; therefore,
it cannot (yet) be amongst the
star performers.

If you hire a bot you will hire a
narrow, average worker, with
nothing to compare it with.

If you want a star, hire an
engineer.
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Pipeline Integrity Engineers versus Al
Analysis

Question Design: Bots struggle with poorly designed questions,
particularly those with ambiguous wording or multiple correct
answers.

- Content Type: Bots perform better with text-heavy content but
struggle with graphs or video transcripts. Training for new engineers
often lacks narration, posing challenges for both bots and engineers.

« Topic Performance: Bots’ scores are much lower than engineers on
guestions related to pipeline standards and operations, achieving
16% compared to 83% for engineers.

- Sample of Deliverables: Formats like flow diagrams, matrices, or
simple questionnaires requested by PRCI are difficult for bots to
process effectively.
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Engineers vs Al: Exam Design and Test Results
Amount of Content

Average Score (%)
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The more study
content, the poorer the
performance of
engineers and bots.
Engineers need to study
more, remember more
detail, and are exposed
to wider, more varied
guestions.

The bot is also exposed
to more choice, more
materials, and more
likely to make errors
given more choices.
Engineers and bots
perform best with
limited video content in
their training.



Pipeline Integrity Engineers versus Al
Lessons Learned, and Implications for the Future

- Good for review of training material and exam quality.

- Bots handle simple tasks; exams should focus on complex
scenarios for engineers.

- Bots struggle with too much information; design Al tools
carefully.

- Training bots is challenging due to language limitations.
- Engineers currently outperform bots, but Al is improving.

- Al already supports optimization and maintenance in
pipeline engineering.

- Early Al adoption benefits businesses — see how it has
supported my presentation!
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Summary and Conclusions
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