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ABSTRACT 

“You can’t manage what you don’t measure.” Operators that integrate data management strategies with their 

training operations can monitor and control programs based on valid information produced through rigorous 

Big Data processes. Training leaders can make decisions based on evidence rather than intuition. Business 

leaders can align training effectiveness and efficiency analytics with company goals and objectives. 

  



 

 

2  

ATPG | Halldale Working Group v.5 

 

Table of Contents 

Abstract ....................................................................................................................................... 1 

Introduction ................................................................................................................................. 3 

Big Data MVP Working Group ...................................................................................................... 4 

Chapter 1: Why use data in pilot/instructor training? .................................................................... 6 

How can data improve pilot and instructor training? ........................................................................... 7 

Chapter 2: Data Collection ............................................................................................................ 9 

Standards of Performance .................................................................................................................... 9 

Grading Scale ........................................................................................................................................ 9 

Demographic Data .............................................................................................................................. 11 

Competencies for Performance Grading............................................................................................. 11 

Tasks for Performance Grading........................................................................................................... 12 

Calibrating Instructors and Examiners ................................................................................................ 13 

Performance Support Levels for Instructors, Examiners, and Evaluators ........................................... 13 

Use of grading/data collection systems .............................................................................................. 14 

Warehousing data, data security/protection & access to data ........................................................... 15 

Figure 1. Data protection layers .......................................................................................................... 16 

Data quality......................................................................................................................................... 16 

Data confidentiality and "de-identification" ....................................................................................... 17 

Instructor and Examiner training on data collection ........................................................................... 17 

Chapter 3: Data Analysis & Visualizations ................................................................................... 19 

Aligning data analysis with business objectives .................................................................................. 19 

The role of the Business Analyst ......................................................................................................... 20 

The relationship between training managers and data analysts ........................................................ 21 

The role of trust .................................................................................................................................. 22 

Types of Analyses and their Application ............................................................................................. 23 

Data Visualizations .............................................................................................................................. 24 

Chapter 4: Turning Data into useful Information ......................................................................... 26 

Figure 2. Venn diagram: Use of data and stakeholders in the training organization       ..................... 26 

Chapter 5: Turning Information into Action ................................................................................. 27 

Figure 3. Turning Information into action. .......................................................................................... 27 

Chapter 6: Is your training as good as you think it is? .................................................................. 30 

References ................................................................................................................................. 32 

Glossary..................................................................................................................................... 33 

 



 

 

3  

ATPG | Halldale Working Group v.5 

 

INTRODUCTION  

Leveraging the Halldale 2020 virtual Global Aviation Training Simulation in November followed by the virtual 

European Head of Training meeting in early 2021, Five (5) major topics surfaced that the industry agreed needed 

additional focus. The Halldale / CAT Leader Forum was launched, comprising skill decay, XR technologies, 

EBT/CBTA, Big Data, and UPRT.  As the aviation community discussed these topics it became apparent that data 

underpinned much of the conversation and additional work should be undertaken.  

 

The collaboration between the Aircrew Training Policy Group (ATPG) and the Halldale Group expanded to bring 

a working group together to help the industry make sense of Big Data. The aim of the working group was to put 

together a straightforward white paper for Big Data in Aviation Training that is accessible to operators of any 

size or scope across the globe. The group is comprised of Industry professionals spanning the globe and across 

the aviation training spectrum.  

 

This body of work delves expressively into pilot recurrent training, as this type of training is the most common 

across the globe. This is by no means an exhaustive guide to Big Data; it is the working group's starting point or 

minimum viable product (MVP) in ‘agile’ terms which is the methodology the group used to tackle this broad 

subject.  

 

For the avoidance of doubt the head of training or training leader is referred to as the training manager 

throughout the paper and operators is used in lieu of airline, air carrier or carrier.  
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BIG DATA MVP WORKING GROUP  
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CHAPTER 1: WHY USE DATA IN PILOT/INSTRUCTOR TRAINING? 

Implementing the use of data in operator training programs requires a significant investment of time, effort, 

and resources (human and financial). Therefore, an operator should start by clearly identifying business 

objectives and expected outcomes before committing to such a large investment. 

 

This chapter will look at various scenarios where measurement and evaluation systems are used by commercial 

airline pilot training organizations. Most scenarios begin with a basic business question. 

 

Key points:  

● The rationale for data-driven training (and how that data is protected) 

● Training Effectiveness 

● Training Efficiency 

● Performance-based vs. compliance-based training 

 

“How effective are our pilot training programs?” This is a question on the mind of every training manager . The 

word “effective” can be interpreted in several ways. “How effective are our pilot training programs at satisfying 

regulatory requirements?” is a simple compliance question that does not require a robust data management 

system. A checklist of requirements and an audit would answer that question. 

 

"How effective are our pilot training programs at preparing pilots for required knowledge and skill tests?" is 

another valid question tied to regulatory qualifications and doesn't necessitate a huge investment in data 

science. A simple analysis of Pass/Fail rates and a comparison to business goals can determine if the number of 

failures or extra training days is negatively affecting the operation.  

 

“How effective are our pilot training programs at preparing pilots for the challenges of line flying?” is a 

profoundly more difficult question to answer.  It is quite likely that the training department cannot answer the 

question on its own. How does the operator measure the risks of the flight operation? Are valid safety metrics 

captured and analyzed to help the training department understand what knowledge and skills are needed? How 

does the operator measure pilot performance in line flying? How does the operator quantify the safety of the 

operation? To address these questions an operator needs reliable safety data and a means of turning that data 

into information the training department can use and act upon. This question requires a data management 

strategy and staff dedicated to data science and operations research, which is similar to, for example the 

operator’s safety management system (SMS). 

  

Of great importance to business leaders is the question, "How efficient are our pilot training programs?" While 

effectiveness speaks to safety and quality, measuring training efficiency is critically important to the company's 
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financial position. On a cost-per-employee basis, pilot training is the most expensive "talent development" 

program an operator provides by a wide margin when compared to other work groups.  

 

Skill/knowledge acquisition rates, time-to-proficiency, task-device matching, and repetition averages are all data 

that can help determine the efficiency of a training program. This isn’t possible without the people, processes, 

and technology needed to analyze data and turn it into actionable information for leaders. 

 

The previous examples take a macro view of the role of training at an operator. That perspective is important as 

leaders take a systems view of the training operation. However, Heads of Training must also deal with pilot 

performance at the individual level.  

 

"What pilot performance data is available to training management?" is a question every training manager or 

Standards must understand and be able to answer. When a pilot struggles in training, a point may be reached 

when a review board is convened. What data does the review board have to support decision-making? How far 

back in a pilot's history does the data go? Is Pass/Fail data all that is available, or are tasks or competency grades 

accessible? Is performance data from line flying available? Training managers want as much information as 

possible as they assess the status of an individual pilot and develop a plan for them to succeed.  

 

Everything stated above applies to instructors and evaluators as well. What data is available to help training 

leadership understand how well their instructors and evaluators are performing? Again, the right people, 

processes, and technology need to be employed to provide valid, reliable answers to these questions.  

 

Taking the time to define micro and macro business goals is essential to determining what level of data 

management system sophistication is needed. This needn’t be a complex undertaking. Beginning with simple 

questions such as, “why do we want to collect data?” or “what questions are we trying to answer?” are a great 

starting point. These fundamentals apply regardless of the regulatory framework. They work equally well for 

EBT, CBTA, ATQP, or AQP.  

 

How can data improve pilot and instructor training? 

Performance-based regulation (data-driven) opens the door to more streamlined pilot and instructor training 

footprints based on demonstrated proficiency rather than a pre-defined number of training hours applied to all 

operators, regardless of operational differences. Certain training programs (EBT, CBTA, ATQP, or AQP) allow 

operators to deviate from generic regulatory requirements and move towards requirements based on operator-

specific needs.  This provision comes with the requirement to base such changes on initial and continuing data 

collection, analysis, and monitoring.  
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In short, why should an operator bother with EBT, CBTA, ATQP, or AQP? One answer lies in the old business 

adage, "you can't manage what you don't measure." Contemporary programs employ robust performance 

measurement and evaluation systems to ensure that training effectively supports flying operations as well as 

satisfies compliance requirements.  

 

Recommendation: 

• Operators should define the business questions they want to answer before pursuing data-driven 

training methods. 
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CHAPTER 2: DATA COLLECTION  

STANDARDS OF PERFORMANCE 

Historically the aviation training industry has been focused exclusively on pilot performance when collecting, 

analyzing, and acting on data from pilot training and checking sessions. However, more modern data-driven 

systems are now mature enough to understand and act on additional human-performance aspects of the overall 

training program. 

If a pilot scores a fail/not competent/unsatisfactory level grading in a task or competency, a traditional system 

would take that at face value and the next step actions would be focused wholly on the pilot (e.g. removing 

them from operational line flying, re-training and re-checking to a satisfactory level). The system assumes that 

the pilot was graded accurately in the first place. What if the instructor had a “bad day” or grades pilots a failing 

grade on a much higher occurrence than their peers (e.g. grading bias/grading errors? Modern training systems 

need to address both the standards of pilot performance as well as the standard and concordance of 

instructor/examiner performance.  

To achieve this, an operator or ATO will first require a well-structured grading scale supported by a robust 

workflow that provides a standardized platform for both pilot and instructor performance. 

 

Key point: 

● To ensure accurate pilot performance metrics, we first need to ensure a high level of instructor and 

program performance. 

GRADING SCALE  

For historic and cultural reasons, it would be impossible to ask operators and ATOs to completely align therefore 

a universal standard grade scale created from a single set of specific grading points.  But looking around the 

world across all different types of pilot training stages and programs there has been a natural and independent 

evolution towards shared best practices. Looking to build a grading scale? Here are some insights to consider: 

● Whether you are creating a grading scale for tasks or competencies, choose one with either 4 or 5 

grading points. Use whatever wording or numbers you like for each grading point, as long as you have 

all of the following categories: 

 NOT OBSERVED (competency)/NOT APPLICABLE (task)  

 UNACCEPTABLE 

 MINIMUM ACCEPTABLE 

 ACCEPTABLE (if you have a 5-point scale, you put two in here) 

 EXEMPLARY 



 

 

10  

ATPG | Halldale Working Group v.5 

 

Whatever scale is chosen, the key aspect for the operator is to ensure they ask themselves "what is the 

benefit of having a specific step on the scale? - what actionable insights will it give us?" For example, 

some operators split the UNACCEPTABLE into two further categories to give more granularity to the 

failing grade. 

● If you want to specify an overall grade, it should be binary (pass/fail, competent/not competent) - this 

will be triggered by either a single UNACCEPTABLE grade or by a defined number of MINIMUM 

ACCEPTABLE grades in a single session (or trends across time if you’re doing CBTA). 

● For each use of the grading scale, the trainer should be able to capture Observable Behaviors or Reason 

Codes; a defined list of more granular data which allows for easy data analysis. The training 

management should ensure that all trainers understand the Observable Behaviors / Reason Codes in 

exactly the same way. 

● In other contexts such as threat and error management models, questions may also be captured during 

the training session, but don't form part of the grading scale; they are more a link between the final 

grading and the context.  

Free-text comments should be kept holistic about the session and not to justify gradings. Later we’ll look at data 

analysis; think how hard it will be to search through free text when looking for trends in an individual pilot or 

community performance. 

Key points: 

● The grading scale is the foundation of any pilot training program. Take time to ensure you choose one 

that works both internally (to provide actionable data) and externally (to be compliant and future-proof 

with the relevant authorities). 

● Free text comments are great for direct and immediate motivational comments to the pilot, but not so 

useful for analyzing trends later. 

 

Case study 

It was the new captain’s first flight after command upgrade simulator training. All his grades pointed to 

standard progress throughout. Their first landing had some moderate crosswinds, but nothing to give the 

training captain any cause for concern. The aircraft landed off the centerline, but within limits. At this point 

things started to go wrong; the aircraft lurched across the runway and was close to a lateral runway excursion. 

The training captain took control.  

On reviewing the pilot’s training file, they found in the grades no cause for concern - all landings had been 

graded as ACCEPTABLE. Only on reading through the free text notes did it become more clear - “has some 

issues with rudder use”, “center-line tracking could be better”, “lateral control needs work on the ground", and 
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"keep to the middle of the runway”. All different ways to say the same thing, but very hard for a trend to be 

discovered. 

In summary, free text comments to justify gradings (e.g. without a standard taxonomy) are almost impossible 

to use for trend monitoring without significant ongoing human manual oversight. 

 

Demographic Data 

DEMOGRAPHIC DATA 

While grading scales get a lot of attention and are a core part of an operator's toolbox in gathering valuable 

insights, we also must ensure we are gathering the context of demographic data to really make accurate 

comparisons. To get the most out of the data, we should consider storing the following demographic data: 

● Pilot rank (Captain, First Officer, Second Officer, etc.) 

● Country of origin, country of residence, location operator 

● Instructors/Evaluators (SFI/SFE TRI/TRE) 

● Time in the company/experience (years and/or total hours/hours on type) 

● Background (ab initio, military, etc.) 

● Aircraft type flown 

● Crew base 

● Age bracket 

Some of this data will certainly fall under data protection laws in the majority of jurisdictions and therefore an 

operator will need to ensure they store this data robustly and possibly only allow it to be used in a de-identified 

way for data analysis where cross-referencing the pilot demographic data with instructor, program and 

simulator data will allow for accurate insights to be obtained. 

 

Key point: 

● Data without demographics is only a part of the puzzle. Cross-referencing pilot performance data with 

demographic data is a huge step towards insights at the overall operator, community (e.g. fleet), and 

individual level which will, in turn, power tailored training at these different levels. 

COMPETENCIES FOR PERFORMANCE GRADING 

To be compliant with at least IATA, ICAO, and EASA on competency-based training and assessment (CBTA), an 

operator will be required to cover the following minimum set of competencies: 

● Application of Knowledge (KNO) [defined by EASA and IATA but not by ICAO] 

 Application of Procedure (PRO) 
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 Communication (COM) 

 Flight Path Management [Automation] (FPA) 

 Flight Path Management [Manual] (FPM) 

 Leadership and Teamwork (LTW) 

 Problem-solving and decision-making (PSD) 

 Situation Awareness and Management of Information (SAW) 

 Workload management (WLM) 

Some CBTA programs (e.g., AQP) allow operators to create their own competency frameworks based on 

knowledge, skills, and attitudes, but bear in mind it requires approval by the regulator (depending on your 

jurisdiction). 

 

Key point: 

● Competency-based training and assessment (CBTA) is a seismic change in how we assess and train our 

pilots. Focus on good instructor training and standardization first as this will provide great buy-in to the 

new system and they will in turn champion it to your pilots. 

TASKS FOR PERFORMANCE GRADING 

From the perspective of collecting data for tasks, the operator or ATO will need to apply the requirements from 

their competent authority and then ensure, where there is any flexibility, that they decide on the correct 

granularity level to apply. For example, if the task granularity level is too detailed (e.g., rudder control on an 

engine failure on take-off) it becomes a very high workload for the trainer. Whereas if the task granularity level 

is too broad (e.g., Flight 1) then it is difficult to understand root cause issues in performance. A good balance of 

granularity would be tasks such as: 

● Engine failure on take-off 

● Windshear on departure 

● TCAS 

● All-engine go-around 

Observable Behaviors or Reason Codes are valuable for helping to tailor any tailored training for pilots and 

therefore the best practice is to capture them for UNACCEPTABLE and MINIMUM ACCEPTABLE grades where 

action can be taken to develop the pilot towards an acceptable level of performance. Note: In some jurisdictions, 

there may be a higher regulatory requirement. 

Key point: 

● Ensure a good balance of granularity in task grading; keep instructor workload levels balanced with 

useful data collection. Too much detail and the instructor will not be able to observe effectively (which 

means poor data input). 
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CALIBRATING INSTRUCTORS AND EXAMINERS 

As mentioned earlier in this chapter, instructor and examiner standardization is paramount and a prerequisite 

to any robust data-driven pilot training program. This task should not be underestimated and there is now a 

move by regulators to require demonstrated acceptable standardization levels (also known as Inter-Rater 

Reliability [IRR] by ICAO, FAA & IATA, or Instructor Concordance Assurance Program [ICAP] by EASA). Operators 

should look to adopt processes to achieve both initial and recurrent standardization targets for new and existing 

instructors.  

● The task of instructor standardization is never complete, and an iterative “continual improvement” 

framework is recommended. 

● Two key methods can be established to achieve a demonstrated level of standardization: 

 Operational data standardization 

This requires operators to establish monitoring processes across their trainers’ operational 

grading sessions. Comparisons between individual trainers vs. the community will give insights 

into where trainers are non-standardized in grading and is helpful to identify the outliers in 

the context of agreement (Inter-Rater Reliability ‘IRR’).  

 Controlled scenario standardization 

This requires operators to establish case studies (e.g., flight deck videos) which are then 

viewed and graded by the training community. As all trainers have viewed the same scenario, 

the gradings can be assigned "golden standards" by the core training team to ascertain the 

drift in standardized gradings. This provides insights into both alignment (Rater-Referent 

Reliability ‘RRR’) and agreement (Inter-Rater Reliability ‘IRR’). 

Key points: 

● We can’t assume our instructors are aligned, nor can we only ask them to attend standardization 

meetings; we need to demonstrate their standardization through data  

● Remember, if the data coming into the system is of poor quality (= poor standardization), the insights 

coming out will be of poor quality (= bad decisions) 

● You never finish instructor standardization - it’s a continual improvement process. Keep at it! 

 

PERFORMANCE SUPPORT LEVELS FOR INSTRUCTORS, EXAMINERS, AND EVALUATORS 

New pilot training systems (particularly those that are EBT/CBTA based) often talk about a "paradigm shift"; the 

majority of this shift is felt by the instructor and examiner communities. It is therefore crucial that an operator 

or ATO ensures it provides support tools for these communities to successfully evolve into their new roles. EASA 

has included a framework in its regulation which provides a structure to help optimize trainers time during training 

sessions, creating efficiencies in observing or inputting whilst gathering effective data quickly. This recommended 

framework is called ORCA - Observe, Record, Classify, Assess. 
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● Observe - Trainer observes performance (behaviors) during the simulator session - think how you can 

help them stay “head’s-up” for as much time as possible (e.g., easy-to-read lesson syllabi or  automated 

simulator lesson plans). 

● Record - Trainer records details of effective and ineffective performance (behaviors) observed during 

the simulator session ('record' in this context refers to instructors taking notes). Providing instructors 

with effective note-taking skills and tools is simple yet paramount. This can include the capture of Level 

3 contextual data (e.g. Threat & Error Management, etc.). 

● Classify – Classify observations against the Obs and allocate the Obs to each competency (or 

competencies), using amongst others the facilitation technique. This occurs after the simulator session. 

A facilitative debrief is also a fundamental tool at this stage to ensure alignment in what happened 

together with key learning points between the trainees and trainer. The TEM model should be 

integrated throughout the debrief (e.g., occasions of Threats, Errors, Undesired Aircraft States [UAS], 

Incidents/Accidents). 

● Assess - The trainer performs final grading against the operator's grading scale (see the previous 

section).  

 

Key point: 

● The more time your instructors spend “heads-up” in the simulator, the better data and insights they 

will gather while also having more time to develop the pilots based on the learning opportunities. 

 

Call to action! 

Roster your instructors between 10-15 mins after a training session to perform the classification task before 

they debrief with the pilots. You won’t regret it!  

You'll see better root cause analysis, standardization of grading, and significantly improved buy-in from 

trainers and pilots to their continual development.  

USE OF GRADING/DATA COLLECTION SYSTEMS 

As technology continues to evolve rapidly, it is beyond the scope of this document to recommend any particular 

data collection or grading systems. However, it is possible to recommend some top-level aspects for 

consideration when selecting any system to give your team the easiest possible time: 

● Online/Offline support 
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Internet access is still a limited resource in pilot training environments (e.g. simulators and aircraft). To 

ensure a consistent workflow for the trainers there should be a consideration for offline availability of 

the grading flow. 

● Performance monitoring (snapshots and trends) 

As discussed in chapter three, modern data-driven training programs have very high levels of data in 

flow. For a training manager to have a sustainable workload, the system should be able to limit human 

interactions by monitoring both snapshot and trend performance 

● Flexibility to run on multiple device types (“device agnostic”) 

Hardware is also evolving rapidly, and consideration should be made for ensuring that future hardware 

technology decisions made by an organization will not be limited by the software that only runs on 

specific devices.  

● Ability to integrate with other 3rd party systems 

To reduce workload and human error in data capture, consideration should be given to how easy it is 

to inter-connect grading systems to other operator/ATO systems (e.g. rostering, Learning Management 

Systems, etc.). Systems with a proven track record of integrations or a dedicated API provide a future-

proof platform of 3rd party solutions. 

● Industry Standards 

As the industry rapidly advances in the ability to acquire and process data, an ever-growing gap 

between it and legacy systems exists. Unfortunately, there are very few standards as it applies to data 

formatting (e.g. simulator data output) thus the industry must strive to establish common data format 

standards limiting risk and obsolescence in each of the other areas noted. 

Key point: 

● We are entering a period of significant change to the pilot global regulatory frameworks led in part by 

technological advances; ensure that any software tools you choose have a robust, agile, and continuous 

roadmap to ensure they remain compliant and relevant. 

WAREHOUSING DATA, DATA SECURITY/PROTECTION & ACCESS TO DATA 

With highly data-driven systems comes a requirement for ensuring the right levels of access to data. These 

access levels will be determined by multiple stakeholders and unique to each operator. The diagram below 

shows the interplay between different levels of data protection both internally and externally to an operator - 

all levels should be considered to ensure a compatible and robust approach at an individual operator level: 
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FIGURE 1. DATA PROTECTION LAYERS  

DATA QUALITY  

In addition to secure data, we want accurate and robust data. Operators and ATOs can adopt simple mitigation 

strategies to ensure data quality remains high: 

● In recurrent training, don’t let your trainers review pilot performance history 

This simple technique mitigates against Halo effect, Leniency & Strictness Error, Logical Error, and 

Personal Bias/Stereotype error. 

● Support your instructors to grade immediately after the session is complete 

If trainers wait too long before grading, it can lead to delayed grading errors (usually a softening of the 

assessment) - providing trainers with quick and easy-to-use systems to capture grading is essential. 

Posters in de-briefing rooms to promote this also have been seen to have a great effect. 

● Monitor your trainers’ performance and positively support them 

Having a non-jeopardy approach to trainer performance is paramount. Just like for your pilots, ensure 

you have a system in place to spot trainer performance issues, look for root causes and when necessary 

take time to provide positive development opportunities for them. 

 

Key point: 

● Instructors are the key to good data - in addition to providing them with valuable tools, consider 

providing them with an environment that is conducive to minimizing grading errors. 
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DATA CONFIDENTIALITY AND "DE-IDENTIFICATION" 

Operators and ATOs should have a good understanding of the difference between identified, de-identified and 

anonymous data, together with their limitations. Ensure the correct decision is made for each type of data stored 

based on the balance between data protection and tailored training: 

● Identified data 

This data is fully and visibly linked to individual pilots. It should only be viewable by very few, specific 

people who need access to plan actionable follow-up on performance (e.g., specific training manager). 

This data should be treated in the same way as Flight Data Monitoring data (FDM) and not used for any 

decisions regarding disciplinary action or career path/promotion, etc. To paraphrase EASA’s EBT 

regulation on data protection – AMC2 ORO.FC.231C*, the data access and security policy should be in line 

with the organization’s safety policy in order to not make available or to not make use of the EBT data to 

attribute blame or liability.  

● De-identified data 

The data is not apparently linked to any individual pilot on the surface, but the database continues to 

keep track of the links back to the individual pilots. No human user is able to see these links but the 

system could take automatic actions based on the data at an individual level. Accessible by a wider 

audience (e.g., training management team) for analyzing trends in demographics and communities in 

the operator/ATO.  

● Anonymized data 

The data is stripped completely and permanently of any identifying mark (pilot name, date and time of 

the session, etc.) - it is impossible to trace back to an individual pilot. Ideal for sharing more widely 

across operators and international organizations for promoting flight safety (e.g., IATA EBT Data Report, 

etc.).  

 

Key point: 

● In any data-driven, performance-based program, the training manager must act as the gatekeeper to 

pilot training and assessment data. They must ensure that this valuable data is used only with good 

intentions to ensure trust with the pilot workforce. Consider it like Flight Data Monitoring data in terms 

of the security that is put around it. 

INSTRUCTOR AND EXAMINER TRAINING ON DATA COLLECTION 

The latest performance-based regulations require instructors and examiners to be formally trained and 

demonstrate competence in how to collect pilot performance data and perform standardized grading. An 

example of this is the requirements by EASA for EBT instructors under ORO.FC.146 (c). This includes: 

● Demonstrate knowledge of the principles of adult learning and how they relate to EBT 
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● Conduct objective observations based on a competency framework, and document evidence of 

observed performance 

● Relate specific performance observations of competencies 

● Analyze trainee performance to determine competency-based training needs and recognize strengths 

● Evaluate performance using a competency-based grading system 

● Apply appropriate teaching styles during simulator training to accommodate learning needs 

● Facilitate trainee learning, focusing on specific competency-based training needs; and  

● Conduct a debrief using facilitation techniques 

 

Key points: 

● The change to data-driven performance-based pilot training and assessment can be very daunting for 

instructors from all demographics. Ensure you provide them with engaging and robust training for this 

new role. 

● Engage the regulator from day 1 of a data-driven performance-based system. Taking them on the 

journey with you will ensure a smooth transition to a next-generation training program (e.g. EASA 

Baseline EBT). 
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CHAPTER 3: DATA ANALYSIS & VISUALIZATIONS 

This chapter will focus on some of the aspects to consider when conducting the actual data analysis. It is not 

meant to replace any expert literature on data analytics, statistics, or research. Instead, it aims to provide 

guidance on some basic considerations for data analysis based on best practice findings from the fields 

mentioned above. First, the chapter will briefly discuss how business objectives should drive analytics with the 

overall aim of making better business decisions. It will also highlight some prerequisites for meaningful analysis, 

discuss the role of business analysts within the organization, the importance of trust in data, and briefly outline 

some considerations for different types of analyses. Finally, the chapter will outline common pitfalls with 

visualizations. 

ALIGNING DATA ANALYSIS WITH BUSINESS OBJECTIVES 

Flight training generates an abundance of data, may it be gradings of pilot or instructor performance, data from 

objective measures such as simulator telemetry, video footage, or eye-tracking data, as well as subjective 

sources such as feedback data provided by trainees or instructors on the quality of the training. This data can 

further be differentiated between demographic variables such as experience level, rank, or fleet type, among 

others. Data may additionally be derived from e-learning, exams, or various other sources. 

With this large amount of information available, it can become difficult to define which data is useful and should 

be investigated in order to extract meaning and generate insight. Further, an industry drive for being data-driven 

and evidence-based may elicit a tendency to collect as much data as possible, oftentimes just for the sake of 

demonstrating that a lot of data is being gathered. At times it might simply be regarded as easy to collect and 

therefore seems tempting to pursue. Similarly, to the tendency of trying to collect as much data as possible, 

caution must be exercised in blindly starting to analyze data in the hope of finding something meaningful – what 

comes first, the question or the analysis? In fact, more data is not necessarily better. It may clutter or cloud the 

most relevant findings by putting too much emphasis on insignificant ones. Or despite being useful, the large 

amount of data might exceed the resources and capacity of the analysts and the business unit. 

Therefore, before commencing any sort of analysis, it is vital to ensure that the analytics process and defined 

metrics are aligned with the business objectives and key performance indicators. The goal of data analytics 

should be to support and inform a more strategic decision-making process by focusing on the most useful and 

relevant information. Thereby it is recommended to follow a research-based approach of data analysis. If the 

primary findings warrant some further investigation, analytics may then be expanded. Additionally, if time and 

resources allow, analytics may become more exploratory. In any case, data gathering and analysis should be a 

deliberate and carefully planned process, thereby ensuring that the data is suitable and that the analysis serves 

a particular purpose and investigates a specific hypothesis that is critical to the business. 
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With EBT defining itself as a data-driven program, extensive guidance is already provided in terms of which types 

of data are deemed relevant. For instance, flight crew training data, data from the management system, as well 

as instructor concordance data, are stated as features where data plays an important role in the program (see 

chapter 2). Further, many metrics are also already defined. 

Finally, in a safety-critical industry, it is not surprising that data analytics will focus primarily on identifying risks 

to the business, such as points of failures and poor performance. However, data analytics offer a much broader 

scope, with the potential of identifying why trainees are doing well and what leads to good performance, which 

is in line with Safety concepts as promoted by Erik Hollnagel in Safety-I and Safety-II The Past and Future of Safety 

Management. 

Analytics would aim to develop the whole pilot group instead of concentrating on the weaker ones. With that, 

data analysis has great potential to allow for collective learning and enhance proficiency beyond the narrow 

scope of immediate risk mitigation if deployed properly. 

Key points: 

● Data analysis needs to be a deliberate process that informs specific business objectives 

● More data is not necessarily better 

● A research-based approach to data analysis should be pursued 

THE ROLE OF THE BUSINESS ANALYST 

It is essential to understand that data analysis requires a very specific skill set and education and should not be 

conducted by anyone who is not qualified for it. It is particularly the interpretation of results where many 

mistakes are being made, and results are often misunderstood. 

Depending on the size of the operator, the resources available for conducting data analysis are expected to vary 

greatly. While some large operators may employ research scientists and analysts with profound academic 

backgrounds, other operators may not have this expertise in their business and data analysis might even be a 

side-task for a training manager or another person in the department. In any case, there are some common 

pitfalls to look out for which relate to two main aspects: knowledge about the training program, and knowledge 

about analytics and data science. 

If your organization is considering employing or already employs a dedicated analyst or research scientist, it is 

important to understand which skillset you are looking for and which field your analyst is coming from. Originally, 

business analysts had rather strong backgrounds in academic fields such as computer science, mathematics, 

statistics, engineering, or physics. Analysts also required extensive knowledge about programming and coding. 

This is not as important anymore as modern software has extensively progressed and can be learned reasonably 
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well even without a dedicated degree. Furthermore, degrees in applied psychology are well suited, and more 

programs are also emerging that offer dedicated academic degrees in data science. 

Note that if your analyst does not have an aviation background, they will have the skillset for analytics but not 

necessarily widespread knowledge about pilot training. Hence, they initially will need to acquire an 

understanding of the training program and its components. In that case, it must be acknowledged that you 

cannot just hand over data and expect your analyst to commence work. Instead, it is vital to ensure that your 

data scientist spends considerable time upfront in familiarizing themselves with your type of operation, training 

program, and business requirements before commencing any analysis. Shortcuts in this process may seem 

unproblematic at first but will put you at risk for data models and results that are based on false assumptions. 

In the best case, those are later identified but costly in time and resources to rectify, whereas in the worst case 

they might go unnoticed and distort your results long-term. 

If your organization does not have a dedicated data scientist and the analysis of training data is the task of a 

manager, you might face the opposite situation to the above scenario, whereby the understanding of the 

training program is given but the skillset for data analysis might not be as adequate. Oftentimes, managers 

within a training department might come from a pilot background, with some having acquired additional 

qualifications such as Master's degrees or MBAs during their pilot or management career. While the academic 

background is undoubtedly helpful, it will not guarantee data literacy. In that case, investing in dedicated 

professional development, statistics, and analytics courses is recommended. If nobody in the organization is 

equipped with the required skillset, seeking external assistance or outsourcing analytics might be a more 

suitable option. 

Key points: 

● Data analysis requires a specific skillset and expertise 

● It should not be conducted by untrained personnel 

● A thorough understanding of both the analytics as well as the operator's training program is a 

prerequisite for effective data-driven decision-making. 

THE RELATIONSHIP BETWEEN TRAINING MANAGERS AND DATA ANALYSTS 

An effective partnership between the data scientist and the training manager or respective training manager is 

key, whereby roles, responsibilities, and accountability need to be clearly defined. Furthermore, organizational 

culture and authority gradient similar as they exist in the flight deck play an important role in this relationship. 

With many organizations seeking to please the leader, a culture of disagreement in analytics needs to be 

embraced. This is essential and often emphasized in expert literature. Very steep authority gradients or 

managers with a reputation of not wanting to be troubled with negative news may put an organization at risk 

of only those results being reported that are favorable to the boss' opinion. In some cases, results may even be 

deliberately distorted and presented more positively to not upset the leader. It is essential for managers to be 
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aware of this and to actively seek and encourage input. Conversely, data analysts should not shy away from 

speaking up and highlighting findings that may not be well received. They should also actively discourage 

manager tendencies to find easy explanations or negate findings that warrant concern. Both data analysts, as 

well as managers, need to actively work towards a relationship where critical thinking and disagreement are 

encouraged and embraced. While analysts take the lead in conducting the analysis, the interpretation of the 

results is a cooperative task between managers and analysts. 

Key points: 

● Organizational culture and authority gradient strongly influence data analysis and reporting. 

● Critical discussions and testing assumptions need to be embraced. 

THE ROLE OF TRUST 

With data playing an increasingly important role in organizations, trust is a vital ingredient in this process, which 

relates to both trust in your data scientist as well as in the data itself. As discussed in previous chapters, trusting 

your data analyst is a prerequisite for a successful working relationship and confidence in the results. Hence 

selection of the right analyst, ensuring their business understanding, and the relationship between analysts and 

managers are essential components for forming trust. Another ingredient in the analytics process is trust in the 

data itself, which is not only related to flight training but a common concern across industries. 

Often reported in business literature are trust issues arising as a result of poor data accessibility, having data 

timely available in the right format, right quality, and with reasonable manpower. Oftentimes, there is a speed-

accuracy trade-off involved. Accessibility also relates to issues with data silos, either due to disconnected 

software applications, poor integration of data sources, or even departments unwilling to share their data. 

While it may be acceptable that some data will not be fully accurate and reliable, this needs to be transparent 

to decision-makers. They need to be fully aware of which data can be trusted, which data may be partly flawed 

but can be trusted to an extent with certain limitations, and which data is unreliable and should not be trusted. 

Finally, beyond trust in the skills of the analyst and confidence in the data itself, manager attitudes and 

inclinations towards data do play a role in how decisions are being made. Training departments are encouraged 

to exercise self-reflection and obtain awareness of the prevalent attitudes of managers towards data within 

their business unit. 

Key points: 

● Trust in data quality and accuracy is vital. 

● Decision-makers need to be aware of limitations, hence which data can be trusted fully, partly, or 

should not be trusted at all. 

● Manager attitudes and personalities influence the uptake of data analytics. 



 

 

23  

ATPG | Halldale Working Group v.5 

 

TYPES OF ANALYSES AND THEIR APPLICATION 

The different types of data available within flight training allow for different types of analyses and applications 

depending on the question of interest. High data quality and clean data are prerequisites for any type of analysis. 

At first, every raw dataset, after going through a process of data cleansing, will most likely be visualized in the 

form of some sort of descriptive statistics. As the name implies, descriptive analyses allow for aggregating, 

summarizing, and graphically visualizing complex datasets. Descriptive statistics usually include parameters such 

as the mean, standard deviation, minimum, and maximum, among others, and plots these on bar charts, line 

charts, box plots, distribution curves, or other forms of visual representations. As such, descriptive statistics 

form the basis of every quantitative analysis. 

However, it is a common mistake to form conclusions and generalize findings based on descriptive results alone, 

whereas this can only be achieved by applying appropriate inferential statistics. From this, conclusions can be 

drawn which extend beyond the dataset at hand. Inferential statistics also allow to make predictions and provide 

a level of probability on whether the descriptive results were found due to chance or, for instance, if the 

differences in performance found between groups are indeed ‘true’. Inferential statistics require the application 

of statistical tests such as non-parametric and parametric tests. Kruskal-Wallis or Mann-Whitney U tests are 

examples for the former, whereas T-tests or analysis of variances (ANOVA) are examples for the latter. 

Moreover, correlations, chi-squared tests, or regression analysis might be suitable depending on the type of 

training data to be investigated. In any case, as already mentioned, applying these tests requires a dedicated 

skillset. Also, each of these tests demands certain assumptions of the data to be fulfilled upfront. Those need to 

be known and understood to avoid applying the wrong test to the dataset of interest.  

In terms of pilot performance assessment, the nature of the training data is assumed to be similar across 

different programs such as EBT/CBTA or AQP. Grading scales such as 1-5 typically provide ordinal data which 

follows a rank order for which the differences have no meaning other than reflecting an increase/decrease or 

improvement/decline. However, the distance between the categories is unknown and it cannot be concluded 

that someone who obtained a ‘4’ is twice as good as someone who obtained a ‘2’. Similarly, ordinal data will 

often be found in surveys where Likert scales range from categories such as ‘strongly disagree’ to ‘strongly 

agree’. Here again, the magnitude of the difference between, for instance, ‘neutral’ and ‘agree’ cannot be 

assumed to be equal to the difference between ‘agree’ and ‘strongly agree’. 

Strictly speaking, statistical analysis is limited for ordinal data when compared to numerical, interval-scaled data. 

Only the amount and percentages of occurrences can be consulted, e.g., median and non-parametric tests 

should be applied. Besides being appropriate for ordinal data, non-parametric statistics also are often more 

intuitive, allow for smaller sample sizes, and do not require a normal distribution of the data. In practice though, 

ordinal data is often treated as being interval scaled to allow for the application of more advanced statistical 

methods. Such an approach should be pursued with caution and only with the right expertise. 
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Finally, hypothesis testing for training data consisting of only pass or fail ratings requires different methodologies 

compared to rating scales of three, four, or five classes. Again, it is recommended to perform these statistical 

calculations only if the knowledge and expertise are available. It is especially important to determine what types 

of variables and how many of them you are dealing with, and whether the assumptions related to the statistical 

test are met or not. 

Key points: 

● Descriptive and inferential statistics should be distinguished. Only the latter allows for drawing 

meaningful conclusions, generalizations, and predictions. 

● Specific expertise is required in conducting statistical analyses and knowing which test is suitable for 

the dataset to be investigated. 

DATA VISUALIZATIONS 

Continuing on the data analysis, the data reporting and visualization aim to gain useful insight from the provided 

training data. This needs to be tailored to the appropriate stakeholders. As their interest differs, multiple levels 

of data interpretation allow for a suitable understanding of information. Therefore, it should be clear who is 

supposed to 'use' the visualizations and what is expected to be retrieved from the presented data. A set of 

guidelines is provided to avoid common pitfalls. This aids in preventing both overlooking important information 

as well as focusing on seemingly relevant information even though it is not. 

Humans are generally not very good at interpreting large volumes of numbers or text but instead prefer visual 

representations. This is usually achieved by summarizing data into descriptive statistics and then displaying them 

using suitable graphs and charts, allowing for an easier and more intuitive understanding of data. Humans are 

also naturally inclined to look for patterns and apply meaning to them. As useful as this might be for interpreting 

visual data, it might equally be misleading, for instance when patterns and trends are identified although they 

don't exist, and particularly when subsequent actions are taken upon those false interpretations without 

properly applying the correct analytics first. 

Hence, before commencing any data visualizations, it needs to be considered to whom and for which purpose 

this data will be presented. Understanding the target audience is key as well as their level of familiarity with 

interpreting charts. Similar to the data analysis, data visualization requires clear boundaries of what to compare 

(e.g., competences, pilot groups, or sessions over time) and which data should be included. 

The manner in which data is depicted plays an important role in influencing its interpretation. Analysts or anyone 

responsible for visualizing data in the business should apply best practice standards in data visualization to avoid 

misinterpretation and distortion of data, whether deliberately to convey a favorable outcome, or accidentally 

due to lack of awareness, or inexperience. Equally, consumers of data analytics should be mindful of the style of 

presentation, inquisitive about its validity, and aware of typical manipulations. 
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Key Points: 

● The right choice of visualization is critical to convey a correct representation of the data. 

●  Make sure to apply best practices and avoid common visualization mistakes. 

● As a consumer of charts, be mindful of misleading representations and distortion of data to convey a 

favorable outcome. 

Further Recommended Reading: 

● A Field Guide to Lies and Statistics: A Neuroscientist on How to Make Sense of a Complex World. Daniel 

Levitin 

● How to Lie with Statistics. Darrell Huff 

● How Charts Lie. Alberto Cairo 
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CHAPTER 4: TURNING DATA INTO USEFUL INFORMATION 

The overarching goal of data management is to provide flight training and flight operations leadership with 

useful information for decision-making. The organization’s leadership must have confidence in the information 

presented to them for consideration. This requires skilled analysts and Subject Matter Experts (SMEs) to 

transform data into information that business leaders can understand.  

The process begins by analyzing and organizing data into the most relevant, valid, and accurate format, suited 

for the business purpose. The first step can be accomplished by data analysts working within a framework 

aligned with defined business needs. 

Processed data is then ready for review by SMEs having extensive experience with pilot training methods and 

safety programs. Participants understand pilot standards of performance and operational performance metrics. 

This is a collaborative process where analysts and SMEs work side-by-side to determine what useful information 

can be extracted from the processed data. The process frequently involves descriptive statistics, comparative 

analysis, trending over time, segmenting by demographic data, and KPI related metrics. SMEs working with data 

analysts are typically TRI/TREs, PCPs, APDs, Line Check Pilots, and flight operations staff familiar with measuring 

operational performance. The outputs of these processes are reports and presentations listing relevant 

information, findings, observations, and conclusions. 

 

 

FIGURE 2. VENN DIAGRAM: USE OF DATA AND STAKEHOLDERS IN THE TRAINING ORGANIZATION            
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CHAPTER 5: TURNING INFORMATION INTO ACTION 

 

 

FIGURE 3. TURNING INFORMATION INTO ACTION.  

 

Key points: 

● Operational performance review process. 

● Action planning. 

● Monitoring and sustaining results. 

 

Armed with useful information grounded in reliable data, SMEs and managers responsible for data systems meet 

with leaders from training, standards, and line operations. Participants include the training manager Director of 

Standards, Director of Safety, Fleet Captains, ASAP program managers, FOQA program managers, and similar 

positions. The training department may focus on inner loop data and emphasize the effectiveness of training 

curricula. Participants with responsibilities tied to line flying and operational performance will include outer loop 

data in discussions.  

 

These meetings include: 

● Assessing the safety of flight operations. 

● Management of operational risks and threats. 

● Review of training effectiveness measures/dashboards. 

● Review of training efficiency measures/dashboards. 
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The goal of the meeting is to develop an accurate understanding of training and flight operations from the 

information presented. If the insights include causal and contributing factors, developing a plan of action is 

appropriate. However, it is not uncommon for leaders at stakeholder meetings to request that more research 

be done into specific topics highlighted by the data. This may lead to performing a formal Root Cause Analysis 

(RCA).  

 

“A root cause is defined as a factor that caused a nonconformance and should be permanently eliminated 

through process improvement. The root cause is the core issue - the highest-level cause - that sets in motion the 

entire cause-and-effect reaction that ultimately leads to the problem(s). 

 

Root cause analysis (RCA) is defined as a collective term that describes a wide range of approaches, tools, and 

techniques used to uncover the causes of problems. Some RCA approaches are geared more toward identifying 

true root causes than others, some are more general problem-solving techniques, and others simply offer support 

for the core activity of root cause analysis." 

Source: https://asq.org/quality-resources/root-cause-analysis  

 

Only when an issue identified by information based on reliable data is thoroughly understood can a targeted 

plan of action be developed. The action plan may or may not include training as part of the solution. People 

participating in business processes must understand that training is particularly well suited to address a lack of 

pilot knowledge or skills. Training can help shape attitudes, but additional performance improvement methods 

will likely be necessary to solve some performance problems.   

 

An action plan designed to address a specific issue must include means of measuring the success of the 

performance improvement initiative. If training is all or part of the plan, Learning and Development (L&D) 

leaders have to determine how data will be used to measure results as they design a training intervention.  

Once a plan of action is executed, data are monitored to ascertain if the plan's goals are achieved and to what 

degree. This closes the loop and completes the cycle. The same periodic meetings chaired by flight operations 

leadership are used to update stakeholders on the progress of the action plan(s).  

 

Organizations with mature data management systems will take a holistic approach to problem-solving. For 

example, an issue may have been initially addressed by incorporating specific tasks in pilot recurrent training. 

That may be an appropriate initial response, but a comprehensive solution may require the L&D department to 

look across other pilot, instructor, and evaluator training programs and determine if adjustments are necessary 

for other curricula. Measurement and evaluation processes may need to be modified to ensure the original issue 

is monitored appropriately. This approach ensures positive results of a performance improvement initiative are 

sustained over time.  
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Recommendations: 

● Operators interested in performance-based training should partner with safety departments to develop 

a process for stakeholders and leaders to regularly review information generated from trusted data 

sources.  

● Measurement and evaluation systems should be integrated into any plan of action to improve 

operational performance and sustain results.  
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CHAPTER 6: IS YOUR TRAINING AS GOOD AS YOU THINK IT IS? 

Chapter one concluded with the business adage, “You can’t manage what you don’t measure.” Operators that 

integrate data management strategies with their training operations can monitor and control programs based 

on valid information produced through rigorous Big Data processes. Training leaders can make decisions based 

on evidence rather than intuition. Business leaders can align training effectiveness and efficiency analytics with 

company goals and objectives. 

Unlike traditional training systems, these data-driven programs must have their effectiveness DEMONSTRATED 

- it is no longer enough to be subjective about your level of organizational performance - you need to use the 

data to show objectively how well the program is running and identify how to continue to improve it. 

Implementing a data-driven training system supports four dimensions of performance: 

1.       Individual pilot, instructor, or evaluator performance 

2.       Performance of groups (e.g., aircraft type, operational theater, demographic groups) 

3.       Curriculum/Syllabus performance 

4.       Performance in line operations 

Heads of Training must recognize that the people, processes, and technology needed to deliver on the promise 

of data-driven programs are not typically available within their current organization. That means investing time, 

effort, and resources to develop capabilities in these critical areas. Building data literacy at all levels of the 

organization takes time and support at the executive level. 

The core advantage of data is that it tells you something about the world that you didn’t know before. 

-Hilary Manson 

Over three decades of global experience with data-driven aviation training programs clearly show that the 

benefits of adopting these methods produce value beyond the considerable investment required. The results 

are measurable and directly aligned with safety and operational goals. As business leaders, regulators, and labor 

become data fluent, discussions about the role of training in operator safety are grounded in evidence, not 

conjecture. Everybody wins. 
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Call to action! 

As the industry moves inevitably to a standard data format across pilot training, an operator’s data will 

become the start of an insightful and objective conversation with other operators that have a similar mature 

Big Data system. Conversations require effective communication channels! – find the best channel for starting 

your conversation on big data below: 

Halldale EATS conference 8 & 9 November 2022, Berlin, Germany 

Halldale WATS conference: 18 - 20 April 2023, Orlando FL, United States 

Aircrew Training Policy Group (ATPG) 

Aviation Training Leader Forum 

 

  

about:blank
about:blank
https://www.linkedin.com/company/easa-aircrew-training-policy-group-atpg/
https://aviationtrainingleaderforum.com/share/Xa7AGuheUc4nVTnL?utm_source=manual
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GLOSSARY 

Aircrew Program Designee (APD) 

Advanced Qualification Program (AQP) 

Alternative Training Qualification Program (ATQP) 

Application Programming Interface (API) 

Aircrew Training Policy Group (ATPG) 

Aviation Safety Action Program (ASAP) 

Competency Basted Training Assessment (CBTA) 

European Union Aviation Safety Agency (EASA) 

Evidence Based Training (EBT) 

European Union Aviation Safety Agency (FAA) 

Flight Operational Quality Assurance  (FOQA) 

International Air Transport Association (IATA) 

International Civil Aviation Organization (ICAO) 

Inter-Rater Reliability (IRR) by ICAO, FAA & IATA 

Instructor Concordance Assurance Program (ICAP) by EASA 

Key Performance Indicator (KPI) 

Observable behaviours (Obs) 

Proficiency Check Pilot (PCP) 

Subject Matter Expert (SME) 

Training Examiner (TRE) 

Training Instructor (TRI) 

Upset Prevention Recover Training (UPRT) 

 


