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Program-Level Assessment: Annual Report

Program: Doctor of Philosophy in Aviation Department: Aviation Science
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Technology

Date (Month/Year): August 2021 Primary Assessment Contact: Stephen G. Magoc

In what year was the data upon which this report is based collected? August 2020 — May 2021

In what year was the program’s assessment plan most recently reviewed/updated? 2020

1. Student Learning Outcomes
Which of the program’s student learning outcomes were assessed in this annual assessment cycle?
SLO 1. Assess relevant literature or scholarly contributions in the aviation field of study.
SLO 2. Apply the major practices, theories, or research methodologies in the aviation field of study.

2. Assessment Methods: Student Artifacts
Which student artifacts were used to determine if students achieved this outcome? Please identify the course(s) in
which these artifacts were collected. Clarify if any such courses were offered a) online, b) at the Madrid campus, or
c) at any other off-campus location.
Student artifacts to be used will include, but are not limited to the following:
e Assignments
e Quizzes
e Tests

Student artifacts will be collected from the following courses.

SLO 1. Assess relevant literature or scholarly contributions in the aviation field of study.
ASCI 5010 Introduction to Aviation Research Methods (online)
ASCI 5150 Aviation Incident and Accident Analysis (online)
ASCI 5220 Aviation Safety (online)
ASCI 6020 Flight Operations Business and Administrations (online)

SLO 2. Apply the major practices, theories, or research methodologies in the aviation field of study.
ASCI 5010 Introduction to Aviation Research Methods (online)
ASCI 5150 Aviation Incident and Accident Analysis (online)
ASCI 5470 Quantitative Data Analysis (online)

3. Assessment Methods: Evaluation Process
What process was used to evaluate the student artifacts, and by whom? Please identify the tools(s) (e.g., a rubric)
used in the process and include them in/with this report.
The department faculty (Drs. Stephen Belt, Terrence Kelly and Gajapriya Tamilselvan, and Mr. Stephen Magoc) met on
07/21/2021 to discuss the results and findings of student artifacts. The department faculty used course assessment
forms and examples of student artifacts in the evaluation.

See Appendix A for the course assessment forms used for the evaluation of the courses and artifacts.
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4. Data/Results

What were the results of the assessment of the learning outcomes? Please be specific. Does achievement differ by
teaching modality (e.g., online vs. face-to-face) or on-ground location (e.g., STL campus, Madrid campus, other off-

campus site)?

The result of the assessment of the above student learning outcomes is that the graduates are currently meeting the
student learning outcomes. The result of the assessment does not differ by modality as all course are taught online.

5. Findings: Interpretations & Conclusions
What have you learned from these results? What does the data tell you?
The data collected and evaluated by the department reveals the following.
e The department needs to further refine the performance indicator rubrics to make better assessments of the
student learning outcomes.
e The department needs to continue improving the examples of assignments and papers so that students
better understand what is required of them to meet the student learning outcomes.

6. Closing the Loop: Dissemination and Use of Current Assessment Findings
A. When and how did your program faculty share and discuss these results and findings from this cycle of

assessment?

The department faculty and the Assistant Chief Instructor met on 07/21/2021 to share and discuss the
scheduled student learning outcomes, the relevant performance indicator rubrics, and the relevant course

evidence.

B. How specifically have you decided to use findings to improve teaching and learning in your program? For
example, perhaps you’ve initiated one or more of the following:

Changes to the °
Curriculum or °
Pedagogies .

Changes to the °
Assessment Plan

Course content

Teaching techniques
Improvements in technology
Prerequisites

Student learning outcomes
Student artifacts collected
Evaluation process

Course sequence

New courses

Deletion of courses

Changes in frequency or scheduling of course offerings

Evaluation tools (e.g., rubrics)
Data collection methods
Frequency of data collection

Please describe the actions you are taking as a result of the findings.
The actions being taken as a result of the findings are to continue to improve upon the course content and

teaching techniques.

If no changes are being made, please explain why.

N/A

7. Closing the Loop: Review of Previous Assessment Findings and Changes
A. What is at least one change your program has implemented in recent years as a result of assessment data?
For the SLO’s that did not sufficiently meet expectations in the 2018-2019 cycle, the department faculty
discussed how to best make course changes designed to improve the graduates’ abilities to achieve the
student learning outcomes. The department faculty determined that it would implement the following
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changes and continue the assessment process to determine whether the changes being implemented were
effective during the 2020-2021 cycle:

SLO 1. Assess relevant literature or scholarly contributions in the aviation field of study.
e Changes to be made to the ASCI 5010 Introduction to Aviation Research Methods included the
requirement of a minimum of three cited and referenced sources to support assertions made in
the precis required of students.

SLO 2. Apply the major practices, theories, or research methodologies in the aviation field of study.

e Changes to be made to the ASCI 5010 Introduction to Aviation Research Methods included
expanding the expectations of the course mini proposal by requiring a more comprehensive
methodologies section.

e Changes to be made to the ASCI 5470 Quantitative Data Analysis course included using the same
elements of assessment found in “SPSS Assignments and LMR Design” but providing more
structured examples to increase the students’ level of competency.

B. How has this change/have these changes been assessed?
The department implemented the changes and assessed the impact of these changes during the 2020-2021
assessment cycle.

C. What were the findings of the assessment?
The department determined that the changes implemented since the last assessment cycle have been
successfully implemented. However, the department realizes that additional revision to the methods of
instruction used will be necessary in the context of continuous improvement in the program.

D. How do you plan to (continue to) use this information moving forward?
The department will continue to monitor the student learning outcomes to determine if over time the changes

that were implemented continue to assist with students achieving the desired outcomes.

IMPORTANT: Please submit any assessment tools and/or revised/updated assessment plans along with this report.
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Appendix A
Department of Aviation Science

2020-2021 Graduate Program Assessment
Course Assessment Forms

The following pages contain the course forms and evidence used in the 2020-2021
assessment of the following Student Learning Outcomes.

Spring 2021 (Assessment meeting held 07-21-2021)

SLO 1. Assess relevant literature or scholarly contributions in the aviation field of
study.

SLO 2. Apply the major practices, theories, or research methodologies in the
aviation field of study.



Graduate Course Assessment Form

Spring 2020 — Assess Student Learning Outcomes #1 and #2

Course: ASCI 5010 Introduction to Aviation Research Methods

Semester Taught: Fall 2019
Number of Students in Course: 8

Student Learning Outcome
Assessed

Assessment Results:
(Indicate what % of class achieved a minimum
score of 70%)

Benchmark achieved?
(Benchmark: 80% of students will score a
minimum of 80% = “B")

1. Assess relevant literature or
scholarly contributions to the
aviation field of study.

Precis: 1 2 3 4

77 717 77 717

100% 100% 100%  100%

Precis: 1 2 3 4
517 717 717 717
71% 100%

100%  100%

2. Apply the major practices,
theories or research
methodologies in the aviation
field of study.

Mini Proposal 717

100%

Mini Proposal 717

100%

ASCI 5010 Introduction to Aviation Research Methods is intended (currently) to be the introduction to research methodologies course for both
masters and PhD students. Historically, this course followed a both a qualitative and quantitative course. Most of the students in this course are

enrolled in the PhD program (5/7).

SLO 1, suggests students demonstrate the ability to assess relevant literature. Assignments for the course include several Precis essays based on

the literature. Student performance on this SLO are outstanding as evidence by the scores achieved. While | do not think any remedial action is
necessary, for the sake of continuous improvement, | intent to require a minimum of three cited and referenced sources to support assertions in

each precis.

SLO 2 success is demonstrated by mini-proposal submissions made by each student. The mini proposal =required each student to demonstrate an

application of a research method to a proposed project. Students did quite well on the assignment 100% of the course achieving a score above
80%. As a matter of continuous improvement, | intend to expand the expectations of the mini proposal to include a more comprehensive

methodologies section.




Instructions for Precis
Creating a Precis

Dr. Ross Matsueda from the University of Washington published a very useful guide for
preparing a Precis. Below find a slightly edited copy of Dr. Matsueda’s suggestions:

An important skill that academic researchers inevitably acquire is a way of writing a brief
synopsis, or précis, summarizing a research article. This can be enormously useful for
conducting research, as one does not have to re-read the same key articles repeatedly, but
rather refresh one’s memory by reading their synopsis. It is a crucial step when writing a review
article, such as for the Annual Review of Saciology, in which the objective is to summarize and
critically evaluate the state of research on a given topic. It is also a handy skill to have when
serving as an anonymous reviewer for a journal.

There are several ways of writing a précis, and individuals typically develop their own style
based on what works for them. Nevertheless, there are a few features that are common among
virtually all good summaries.

Note that most of this is just commonsense. Note also that these recommendations suggest
efficient ways of reading articles and are based on accepted normative models of how to write a
research article.

Begin by reading the abstract, and the stated objectives of the paper. You may then flip to the
substantive conclusions to get a sense of where the paper is heading, and if it is an empirical
paper, check the data and methods quickly before returning to page one. Highlight as you read,
and make quick comments, like “yuck,” “good,” “great point,” “dumb,” “important claim,” etc. For
an important paper highlight the key points, so the next time you want to read the paper, all you
must do is read the highlighted passages. (I hate reading an article the second time with no
highlights—it’s just as much work as reading the first time.) In evaluating an article, flip back to
the “objectives of the paper” section to determine if they are consistent with data, models,
hypotheses, conclusions, etc.

The first step in writing a précis is to summarize the main points of the paper. What is the paper
about? What is it trying to accomplish and why is this important? What are the key advances
claimed by the authors? How do they do this? Here is a quick skeleton of a summary:

A. Introductory paragraph:

- What is the topic of the paper, why is it important (as argued by the authors), and how
do they claim to advance our knowledge?

- What are the specific objectives of the paper that presumably advance our knowledge
of this important topic?

- Usually there is a single key finding or theoretical argument that contributes to the body
of knowledge. What is this finding or argument? State this early, and then use the
summary to show how the authors come up with the finding or make the argument.

B. Summary of Steps Leading to Conclusions

For Empirical Studies



1. Theoretical background (if different from above)

2. Hypotheses: Are they listed? Do they follow from the theory/literature review?

3. Methods: Are they an improvement over prior research (e.g., sample drawn,
statistical methods used, cases analyzed?)

4. Models used. (Do they follow from the theory discussed or prior findings reviewed?)
5. Findings.

6. Substantive conclusions: do they follow from the findings?

For Theoretical Essays:

1. Theoretical background: What is the theoretical issue(s) raised? Why important?

2. Deficit in the literature: What issue has been inadequately raised or solved in prior
literature (which will be raised or solved here)?

3. Major argument: What is the author(s) major argument(s)?

4. Conclusions: Do they follow from the major arguments, theoretical background, and
deficit in the literature?

C. Critical Evaluation

- Here you critique the reading or set of readings, picking out the most important issue
and

working down from there to the least important issue (if you still have space).

- This critique is highly variable, depending on your reading, the style of research, and
the

strengths or weaknesses of the reading.

- You probably want to mention the strengths of the reading before moving to a critique,

and then end with a balanced conclusion (e.g., great dataset, good idea, strong analysis,

interesting theoretical framework, innovative theory or methods).

Here are some examples:

General Criticisms:
- This has been done before
- Inadequate literature review
- Misunderstands the literature
- This isn’t important
- Conclusions do not follow from analysis.

Theoretical Criticisms:
- The theories have not been presented accurately
- The key concepts are poorly articulated, misunderstood, or incorrectly characterized
- The key hypotheses are not discussed or tested
- The key hypotheses are not shown to derive from the theory’s propositions.

Methodological Criticisms:
- The sample is not representative of the key population needed to be examined
- The sample is too small
- The sample is not random and sample selection bias could compromise results
- Measures are of poor quality (unreliable or invalid) or fail to capture theoretical
Concepts
- Effects are too small to be meaningful.

Criticisms of Writing and Organization:



- Writing is not clear or grammatically correct

- The structure of the presentation is confusing

- Appropriate headings are not used in helpful ways

- Paragraphs do not follow from each other

- Theory or methods are not presented in a clear way

All of this can be boiled down to a very concise 2-page précis! Note that you can do this for a
group of readings, making the summary very terse and restricting your critical comments to the
most important issues and issues that cross-cut individual readings. | test my précis by reading
it over and checking to see if | have captured the essence of the paper and described both the
major strengths and weaknesses. Doing this well will allow you to write book reviews, critical
essays, and reviews of articles.

Example Precis’

Example Precis 1

Introduction

This article presents an update on a research teaching tool oriented toward graduate learners in
research methods coursework. In the report he describes results of a 2017 follow up study to
the author’s online, interactive tool developed in 2015. This tool, termed “Hopscotch” was
designed to assist graduate level learners and researchers in both teaching and learning the
qualitative research design process. Jorrin-Abellan emphasizes the target audience as
educational professionals and researchers who use research methodologies for “betterment of
their practices” (pg. 6), especially in learning and designing qualitative research. The author
describes use of a responsive evaluative case study as the evaluation method.

Background Summary

The author cites education and research design literature surrounding teaching and learning
qualitative research frameworks (Hazzan & Nutov, 2014; Gunter, 2008; Breuer & Schreier,
2007; Hammersley, 2004 among others) pointing to a need for more deliberate, iterative
models to assist new researchers or graduate learners in the qualitative research design
process. The author describes the original Version 1 online framework as a nine-step tool to
guide learners through key components of qualitative research design. The steps include:
Worldview of the researcher, Topic & Goals, Conceptual framework, Research Design,
Research Questions, Data Gathering, Data Analysis, Trustworthiness & Validity and Ethics
(pg. 6). For the paper reviewed here, the author highlighted two research questions for the
study (Pg. 8):

1. Is the Hopscotch Model helping the teaching and learning of qualitative research
method? and,

2. In which ways should the Hopscotch Model and web-tool be
modified/enhanced to respond to the needs of its users?

Methodology



The author described his methodology of purposeful sampling of 86 users of the Hopscotch
model. Methodologiesy included personal interviews, surveys and online quantitative analytics
data from Google Analytics. The data was analyzed using Atlas.ti which the author asserted
assisted in more accurate coding and triangulation of data.

Evaluation

This paper was a formal evaluation of the author’s Hopscotch qualitative and, now in Version
2 includes a quantitative, assistive research teaching and learning tool. This paper seemed at
first slightly lean in the front-end literature review, specifically in showing support for the
need for better teaching tools and the gap proposed by the author. However, reading further it
became evident this is essentially a “part 11’ follow up on an earlier design model from the
author, where more substantive literature review was accomplished. Regardless, a slightly
more in-depth

review section of supporting research would have been helpful to get into the mindset
and direction for the paper.

The author does an excellent job laying out and articulating the evaluation approach used in
this report, using established and well referenced methods (Jorrin-Abellan, pgs. 7-8). He
specifically laid out the evaluation focus on utility and model contribution to teaching and
learning qualitative research methods. | particularly like the analysis figure display (Figure 1
— Components of the Evaluation Design, pg. 9). Its layout and content are easy to read and
identify relationship to other criteria areas.

Results the author reports include improvements made in five areas surrounding attributes of
the online tool sections as well as language conversion capabilities. The author lays out results
clearly in table formats and does a very good job interpreting, assessing and follow up from
both positive and negative limitations from learner and teacher data responses. The author
clearly establishes both in his assessment and treats both as valuable information for refining
the current data tool into the Hopsctoch 2.0 version with its improved attributes. There is some
bias language in the positive summary where he cites “copious use” (pg. 18) of his Hopscotch
2.0 tool. This is being perhaps too picky on my part — he clearly has the data to back it up.
However, the word “copious’ on its own in the text is difficult to quantify or envision within
the context of a journal style research paper.

Overall this was a well written paper, especially in the latter sections describing the author’s
assessment methods and tools used with well cited supporting literature. In fact, 1 will likely
return to Jorrin-Abellan’s assessment set up and overall methodology described in this paper
to assist in documenting my own future evaluation designs.

References:

Breuer, F., Schreier, M. (2007). Issues in learning about and teaching qualitative research
methods and methodology in the social sciences. Forum: Qualitative
Sozialforschung, Vol. 8:lss. 1(1).

Gunter, M. (2008). A lesson learned? Difficulties in teaching and learning qualitative research



methods. Journal Fir Psychologie, Vol 1:lss. 5.

Hammersley, M. (2004). Teaching qualitative method: Craft, profession, or bricolage? In
Clive Seale, Giampietro Gobo & David Silverman (Eds.). Qualitative research
practice (pp.549-560). London: Sage.

Hazzan, O., & Nutov, L. (2014). Teaching and learning qualitative research:
Conducting Qualitative Research. Qualitative Report, Vol. 19:Iss. 24(1).

Jorrin-Abellan, Ivan M. (2019). Hopscotch 2.0: an enhanced version of the model for the
generation of research designs in social sciences and education. Georgia Educational
Researcher: Vol. 16: Iss. 1, Article 3. Available:
https://digitalcommons.georgiasouthern.edu/gerjournal/vol16/iss1/3

Example Precis 2

Chuang, S., Ou, J-C & Ma, H-P, (2019). Measurement of resilience potentials in emergency
departments: Applications of a tailored resilience assessment grid. Safety Science,
121(2020), 385-393. DOI: https://doilorg/10.1016/j.ssci.2019.09.012

This paper reported on the authors’ adaptation of an existing resilience assessment grid
(RAG), assessing organizational resilience across four area ‘potentials’ described by the
authors: respond, monitor, learn and anticipate (Chuang et al., 2019, pg.385) based on a model
from resilience engineering first put forward by Hollnagel (2011). The study quantitatively
mapped and compared resilience readiness of emergency departments at four hospitals within
a modern major metropolitan city in Taiwan. Tailoring Hollnagel’s four potentials model, the
purpose of the research was to comparatively test feasibility of a quantitatively scored adapted
assessment tool measuring the four key potentials of resilience in four Emergency
Departments (ED). The goal was to gauge ability of the adapted assessment tool to provide a
statistically based visual assessment of readiness for sustaining operations during routine and
unexpected conditions (Chuang et al., 2019, pg.386). This report was very intriguing, utilizing
qualitative interview data, then scoring and translating results into statistical rankings used to

produce quantitatively derived radar charts (Chuang et al., 2019, pgs. 387;388). The data was


https://digitalcommons.georgiasouthern.edu/gerjournal/vol16/iss1/3
https://digitalcommons.georgiasouthern.edu/gerjournal/vol16/iss1/3
https://doilorg/10.1016/j.ssci.2019.09.012

first collected from scored survey questions via direct focus group interviews. Then a four-
point ordinal scale was used to rank and present resilience performance (Pg.387). The authors
address a potential argument in this approach early on acknowledging that ordinal data at first
glance would not provide mean values. They went at length into a statistical method-backed
description articulating their design methodology for summing scores that laid out their line of
thinking and logic.

For purposes of example and review, this report represents a challenging mix of

qualitative and quantitative approaches. It was rightfully data and method “dense” which was

necessary to describe the strategic statistical approaches and interpretations. However for this
researcher personally, it was very challenging to read and review and, in honesty, struggled to
follow it based on its sheer detailed depth and use of statistical tools and tabling, coupled with
this researcher’s low fluency in statistics. The quality of the data resented and writing however
were very good. From an overall report presentation, at the beginning of the paper they speak
of resilience in Emergency Departments for the study, but were not very clear on the positive

and negative impacts of presence/lack of resilience until several paragraphs later in the paper

(pg.

385) which made the reader flip back and forth initially to pull together that particular part of
the context. A sharper focus up front on implications of resilience readiness would have
helped. They do however do an excellent job explaining the nature of the RAG as a guide for

measuring resilience (pg. 385).

The paper demonstrates a study that transitioned from a qualitative assessment using
thematic analysis of open-ended interview questions, which were then coded using two

researchers reviewing and on a scored 4-point scale (pg. 387), ultimately translating this data



into statistically useful form. To that end the authors do an outstanding job describing the
preparation and measures used (ordinal with calculation of the means). The resulting radar
charts displaying the resilience readiness in the four categories was compelling and one would
assume quite useful for assessing operational safety culture. One of the prominent takeaways
from this very recent article on resilience is from the authors’ Discussion section on the study
and view of resilience in dynamic, risk-sensitive environments - very similar to the aviation
area in which this researcher is engaged:
“ED’s are dynamic, open, high-risk systems that function under considerable
uncertainty and economic pressure. Their ability to perform in a resilient manner is
therefore critical. Although identification of metrics and standards for measuring
organizational resilience...remains challenging, it is necessary for a system...to harbor
these four potentials in order to be able to perform in a resilient manner.” (Chuang et

al., 2019, pg. 391).

Mini Proposal Example

Mixed Methods Research Methodology
Justification

PROBLEM STATEMENT

Graduates from aviation education and training programs lack fluency in essential
problem-solving resilience competencies required in the industry. It is hypothesized that
desirable behavioral attributes related to resilience during adversity and challenging
problem- based coursework — sometimes called ‘capstone’ learning designed to resemble

industry problems - can be identified, taught and measured within the context of a



collegiate learning environment.

Research questions

Literature review of positive resilience behavioral responses from other research
across multiple domains resulted in the following research questions forming the basis of the
proposed research study: 1) How could the notion of resilience be taught, developed, and

measured in

terms of more concrete observable competencies and behaviors salient to the industry’s needs
and within an aviation academic program? 2) What are resilience competency transfer paths
from the learning to working environments? Because the nature of behavior/performance-
based learning and outcome measures in aviation academia must be both qualitatively and

guantitatively measured, these questions lend themselves to a mixed methods approach for

developing and assessing key resilience behavioral traits. If these can be indexed into a
teaching, performance and assessment model, results could be generalized into the larger

industry.

PURPOSE

The purpose of this study is to identify is to develop and test efficacy of a theoretical

model for teaching and mentoring key behavioral learner attributes of resilience as they relate
to the aviation learning and workforce environments. Because human behavior is subject to
numerous variables including culture and a variety of human factors that can influence

decision making and performance, a singular methodological approach would not provide the



depth and

breadth of data required to accurately set up a study and effectively generalize results. Proposed
is therefore a Mixed Methods approach using an Exploratory Sequential Design as described
by Creswell & Creswell (2018, pg. 218-220).

Qualitative data collection and analysis

Beginning with a qualitative assessment of learner resilience attitudes and self-
reflective responses to adversity during learning, a phenomenological study of learners within
a senior capstone aviation course which routinely incorporates problem-based learning will be
conducted first in order to refine focus for helping to then create quantitative survey
assessment and performance scoring assessments of learner resilience behavioral responses
during adverse or challenging problem-based learning experiences. The qualitative interview
portion will include a sample of convenience using a targeted senior capstone course within a
collegiate aeronautical engineering technology program. Design and data collection activities
will follow a structured process flow described by Creswell & Poth (2018, pg. 149) which
includes: Locating site/individual, Gaining access / developing rapport, Sampling
purposefully, Collecting data using individual narrative interview as well as observational
measures described by Creswell & Poth (2018, pgs. 165-166;169) and Recording information
using Complete Participant data capturing and recoding approaches described by Creswell &
Poth (2018, pg. 167). Finally Exploring field issues and ethical considerations including bias,
power asymmetry and ensuring human subjects and data storage/security through CITI
training of key researchers involved will also be addressed.

Participants will be asked questions related to personal resilience behavior responses

using open ended interview questions developed around the six factors from the Resiliency
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Scale for Adults (RSA) by Friborg et al., (2003) including:

1 Perception of self

2. Perception of future

3. Structured style

4. Social Competence

5. Family cohesion, and

6. Social resources.

Quantitative data collection and analysis

The design and data collection activities will then proceed to an instructor scored

observational behavioral performance scale and participant’s self-scoring survey of before and

after performance using a 5-point Likert scale. These scored scales will utilize T-Test scores to

assess if explicit training and performance of identified resilience behaviors impact project

outcomes as well as learner perception of their own learning empowerment and capabilities.

MIXED METHOD APPROACH

Mixed method approach has been defined by listing “core characteristics” by Creswell
& Creswell (2018, pg. 214): Involving collection of both qualitative and quantitative data,
rigorous methods and both methods clearly integrated into the design by careful merging and
explaining the collaborative or embedded data sets. This is congruent with earlier definitions
of mixed methods. Haines (2011) also uses Creswell —a prominent and reliable source in the

qualitative and mixed method fields — to define the approach as,
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“mixture of qualitative and quantitative approaches in many phases in the research
process. As a method it focuses on collecting, analyzing, and mixing both quantitative
and qualitative data in a single study or series of studies. Its central premise is that the
use of quantitative and qualitative approaches in combination provides a better
understanding of research problems than either approach alone” (Creswell & Plano

Clark, 2007, pg. 5).

The value of mixed methods studies has been recognized for ability to find richer meanings and
clarity for understanding findings and improving accuracy and completeness, thereby helping to
establish overall validity (Haines, 2011). Previous mixed methods research consistently
supports the importance of accounting for social and cognitive psychological phenomenon
which can influence performance data and quantitative results. Malina et al. (2011) emphasize
mixed methods as providing “the best opportunity for addressing research questions” (pg.59-60)

and
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Euske et al. (2010) notes specifically the important role of incorporating both quantitative and
qualitative data when it comes to integrated human performance research where people
interact and influence the performance outcomes. This is especially true in the context of
complex and dynamic environments like aviation learning environments where learners must
grapple with knowledge, hands-on technical and collaborative problem solving competencies

simultaneously.

Therefore, her it behooves the researcher to set up a test that can richly assess and
analyze both qualitative and quantitative evaluations and data. Given the proposed study a
mixed methods assessment strategy could be employed and provide a better sight picture of
the theory and future test cases. Creswell & Creswell (2018, pg. 218) illustrate an exploratory
sequential mixed method design framework consisting of three phases: 1) Qualitative data
collection and analysis 2) Identifying features for testing (tailored new instruments or
experiments informed by the initial qualitative database), and 3) Quantitatively testing the
designed feature. After this, results are interpreted. The power of this particular mixed
methodology is that the quantitative feature can be tailored more directly to the needs and
characteristics of the participants. This mixed method has precedent in global health care
design for better understanding the population before administering test instruments (Creswell

& Creswell, 2018, pg. 224).

A mixed method approach combines the strengths of both quantitative and qualitative
approaches and also bridges weaknesses associated with each. Haines (2011) notes
guantitative methodology often lacks contextual information (setting, conditions, cultural
influence) which qualitative can richly fill in. Likewise, qualitative data can vary and carry

with it a propensity for researcher bias to which the quantitative approach can impart rigor to
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control. With mixed methods, the literature shows that several data collection methods can be
used which can help answer additional question and yield more supporting evidence and

deeper insights on research questions.
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Graduate Course Assessment Form

Assess Student Learning Outcomes

Course : ASCI 5150-01 Aviation Incident & Accident Analysis

Semester Taught: Spring 2021
Number of Students in Course: 3

Student Learning Outcome
Assessed

Assessment Results:
(Indicate what % of class achieved a minimum
score of 80%)

Benchmark achieved?
(Benchmark: 80% of students will score a
minimum of 80% = “B”)

1. Assess relevant literature or
scholarly contributions in
the aviation field of study.

DB1 —100%; DB2 — 100%; DB3 — 100%; DB4 — 100%; DB5 —
100%; DB6 — 100%; DB7 — 100%:; DB8 — 100%; DBY — 100%);
DB10 — 100%; DB11 — 100%; DB12 — 93.33%; AVG = 99.4%

Elements of Assessment (Discussion Boards) yielded 99.4%
and exceeded the desired benchmark of 80%.

2. Apply the major practices,
theories or research
methodologies in the aviation
field of study.

Assignment 1 (Accident Causation Model) — 98.3%;
Assignment 2 (Witness Interviewing) — 100%; AVG = 99.15%

Elements of Assessment (Assignments) yielded 99.5% and
exceeded the desired benchmark of 80%.

5. Evidence of scholarly and/or
professional integrity in the
aviation field of study.

Accident Case Study — 100%; Aviation Accident Report —
98.3%; AVG = 99.15%

Elements of Assessment (Accident Case Study & Aviation
Accident Report) yielded 99.15% and exceeded the desired
benchmark of 80%.

Course Assessment (Intended Use of Results)
The following will be used for recommendations to improve the quality of course delivery based on assessment results. These recommendations

may include prerequisite change; changing course outline and adding more topics; adding a third assessment; changing the course sequence, etc.

The assessment of student learning outcome (5) — evidence of scholarly and/or professional integrity in the aviation field of study — did meet the
benchmark of 80%, where the students presented their scholarly and/or professional integrity on different aspects: exploring aviation safety
databases, analyze an aviation accident case in its entirety, analyze several pieces of accident data, and present their analyses, cases, findings,

and recommendations in standard ICAO format. For the upcoming semesters, the same elements of assessment “Accident Case Study & Aviation

Accident Report” will be used for evaluating the student performance in class.




Gulfstream G650 Flight Test Accident: An Organizational Disaster
St. Louis University
ASCI 5150 Aviation Incident and Accident Analysis
Dr. Gajapriya Tamilselvan

February 24, 2021



Gulfstream G650 Flight Test Accident: An Organizational Disaster

The Gulfstream G650 is one of the fastest and most luxurious corporate jets available
today. The large swept-wing jet is not only fast, holding world records for speed and range
(Gulfstream Aerospace Corporation, 2021), it is also the 2014 Robert J. Collier trophy winner, an
award "for the greatest achievement in aeronautics or astronautics in America, with respect to
improving the performance, efficiency, and safety of air or space vehicles" (NAA, 2021).
However, these accolades came at a steep price. The design’s development history was deeply
and permanently scarred on April 2, 2011, when serial number 6002, one of the five
experimental prototype aircraft, was destroyed in a fiery takeoff accident during flight testing in
Roswell, New Mexico, killing all four crew members on board. While a cursory glance of the
accident sequence may point to a degree of pilot error or a simple loss of control, the NTSB
analysis did not directly implicate the flight crew in the accident, but rather, Gulfstream as an

organization (NTSB, 2012).

This paper examines the accident against the framework of James Reason’s classic
accident causation theory, the “Swiss Cheese” model. While other models of accident causation,
such as the SHELL model and the 5-Factor model, focus primarily on the human-machine-
environment interface, Reason’s model was originally designed to uncover latent errors in
organizational accidents (Cusick, Cortes & Rodrigues, 2017). Therefore, it seemed most

appropriate for the study of this event.

Background: The Purpose of the Flight and the Accident Sequence

Takeoff safety speed (V2) is the minimum speed a twin-engine jet aircraft can safely
climb if one engine fails during the takeoff run past Vi, which is the maximum speed at which

the aircraft can safely stop on the remaining runway. V» is effectively the best single-engine



angle of climb speed, which must be attained at 35 feet above the runway surface and continued
until reaching 400 feet above the ground (SK'Ybrary, 2017). It is a critical performance number
that is used to determine the minimum runway length required for takeoff in Part 25 transport
category aircraft. Gulfstream had been advertising a 6,000-foot “takeoff performance guarantee”
(NTSB, 2012, p. 12), so keeping the aircraft at or below the calculated V> speed was crucial to

keep the required runway length at 6,000 feet or less (NTSB, 2012).

On April 2, 2011, the Gulfstream flight crew, which consisted of two pilots (PIC and
SIC) and two flight test engineers, attempted to takeoff from Runway 21 at Roswell International
Air Center on a short flight to test a one-engine-inoperative (OEI) takeoff technique in the last of
many attempts to climb out at the target V» speed calculated by Gulfstream engineers. The OEI
takeoff technique required very precise pitch settings, to within 1 degree, to achieve the target V»
at 35 feet above the runway surface without exceeding it, but also remain below the wing’s
critical angle-of-attack (AOA). The flight test department had tried numerous times, and
developed increasingly precise and aggressive rotation techniques to capture the V> speed, but

the aircraft had consistently exceeded the target speed.

In addition to the flight crew, a small team of engineers occupied a telemetry trailer on
the airport to gather measurements on wind and real-time flight data. At approximately 9:33 AM,
during the takeoff roll, upon reaching V1, the SIC cut power to the right engine as planned. At
VR (rotation speed), the PIC pulled the yoke back to lift the nose to the predetermined pitch
attitude for liftoff. During the liftoff sequence, an increasing right bank developed, which
surprised the flight crew. Despite the restoration of thrust to the right engine and full-left aileron
and rudder control inputs, the bank was unrecoverable. The yaw forces to the right initially

induced by the inoperative engine, combined with a light crosswind from the left and the stalled



wing on the right side, forced the right wingtip to contact the runway surface. The 99,000-pound
aircraft careened off the side of the runway, bounced, and struck a concrete runway maintenance
structure, severely damaging the center section and fuel tank in the wing structure and igniting a
massive fire. The big jet ultimately slid to rest on its belly near the Roswell control tower and
burned. Although the impact was deemed survivable, none of the occupants made it to the exit

door before being overcome by smoke and fire (NTSB, 2012).

The NTSB identified several key factors that contributed to the accident, all of which can
be grounded in Reason’s model for organizational accident causality. While flight crew error
during a hazardous single-engine takeoff may have been an early and logical presumption, any

blame on the pilots paled in comparison with the uncovered faults of Gulfstream management.

A Series of Latent Errors

Reason’s model is useful for uncovering latent errors in an organization. Even though
accidents are often caused directly by “active errors” between the man/machine interface, there
are almost always organizational factors and “latent” errors that created an environment or set of
circumstances that allowed the active errors to occur (Reason, 1990, p. 173). In this case, yes, the
flight crew made an active error by stalling the aircraft on takeoff. But if one simply asks “why,”
they can trace the root cause all the way back up the chain to upper management, where errors in
decision-making had slowly eroded safety. Reason’s model consists of several layers of the
typical production organization, namely management, environment, operators, and defenses.
Normally, accidents are absorbed by the layers through good decision making, risk management,
refined skills through training, good maintenance practices, and safeguards such as technology
and protective equipment. But when unsafe acts are able to slip through the inherent defenses of

each layer, accidents can happen. Reason’s visual depiction of this model looks like several



layers of Swiss cheese, which is why it is commonly known as the Swiss Cheese model. The
safety lapses are holes in the cheese. When the holes line up in often unforeseen or random ways,
accidents occur (Cusick, Cortes & Rodrigues, 2017). The Gulfstream accident was likely due to
the complex and flawed interactions of these organizational layers. If we walk back through the
layers after the accident, we can trace both active errors and latent errors all the way back to the
top of the heap at Gulfstream. Some active errors by engineers developed into latent errors, as

they were not discovered until after the accident had occurred.

According to the NTSB (2012), several key factors contributed to the loss of 6002 and
her crew. When held up against the framework of Reason’s model, they look like this. Note that
a second layer of “unsafe acts” was added to the model for this accident, as the actions and errors
of the flight crew were separate, but intricately linked to those of the engineers. The model and

the NTSB accident factors are diagrammed in Figure 1.

e Defenses: The primary defenses against a stall, the stick shaker and the Pitch Limit
Indicator (PLI), did not activate on the accident flight until the wing was well past the
point of stall. Investigators determined that Gulfstream engineers had overestimated the
in-ground-effect stall angle-of-attack (AOA) of the G650 wing by nearly 2 degrees. As a
result, the thresholds for both stall-warning devices were set too high to be of any use.

o Unsafe acts of the flight crew: The NTSB reported that the flight crew’s response to the
uncommanded roll were “understandable” (NTSB, p. 25), but they were faulted for
continued aggressive focus on achieving the target V> airspeed, despite the indications
that the speed was too low. Additionally, the lead flight test engineer exacerbated the V2
overspeed problem by lowering the target pitch attitude during the takeoff maneuver in

previous test flights without a corresponding increase in takeoff speeds.



e Unsafe acts of engineering: Serious errors were made by Gulfstream engineers during
the calculation of stall AOA and takeoft speeds.

o The ground-effect stall AOA was based on wind-tunnel testing and an assumption
that the difference between ground-effect stall AOA and free-air stall AOA was 2
degrees, a theoretical value agreed upon by the engineering teams, and the value
that was used during certification of an older Gulfstream jet, the GIV. After the
accident, detailed analysis found that the actual ground-effect stall AOA during
the accident was 3.25 degrees less than the free-air stall AOA. This error
manifested itself in the inaccurate limits programmed into the stick shaker and the
PLL

o The V; target was the minimum speed allowed by rule, 1.13 times the stall
reference speed (Vsr). The engineering team assumed that the G650 would
perform the same as the G550, which was able to demonstrate V> speeds below
the minimum allowed values. Had the engineers based their takeoff speed
calculations on actual flight test data of the model being tested, instead of a
different model altogether, they would have realized that the target V2 speed was
impossible to achieve with the G650.

e Psychological preconditions: Reason (1990) stated that within his model, there is a layer
in between the frontline worker and the line managers. This is the layer where the stage is
set for acts to follow, where psychology and environmental factors play a role. Cusick,
Cortes and Rodrigues further elaborated on this layer as one of “Preconditions for Unsafe
Acts” (2017, p. 57), where high workload, time pressure, and ignorance can affect the

performance of an operator. Before the G650 accident, there were significant pressures



placed upon the flight test team to not only finish testing on time, but also meet the
design expectations of Gulfstream’s advertised 6,000-foot runway performance guarantee
(NTSB, 2012). Despite suggestions from the FAA that they file for an extension of the
five-year window for certification, the company refused until after the accident. A time
extension would have required additional effort to bring the aircraft up to certification
standards valid during the year of the extension application, instead of the year of original
application. The NTSB final report alluded to instances where assumptions were possibly
made in haste to save time, and staff, including the lead flight test engineer on the
accident flight, appeared overworked. The FAA had told the team just two days before
the accident that their flight testing timeline was unrealistic (NTSB, 2012).

Line management deficiencies: During the months preceding the accident, the G650
flight test team had two separate incidents of “uncommanded roll” to the right that did
not result in damage during OEI takeoff testing. The flight test team concluded that the
first event was due to over-rotation during liftoff by the PIC, and the second incident was
due to the absence of the yaw damper. Had management investigated the root cause of
these incidents, together with the existing flight test data already gathered, the NTSB
feels that the errors in the calculated V> and ground-effect stall AOA could have been
detected before the accident.

Fallible decisions: These decisions lie with senior management and shape all of the
actions and environments in the company. The NTSB was particularly harsh with
management in their final report, stating that Gulfstream management “failed to establish
adequate flight test operating procedures, adjust the G650 flight test schedule to account

for program delays, and develop an effective flight test safety management program”



(NTSB, 2012, p. 26). These decisions, or lack thereof, helped to shape the errors that
appeared downstream. The push to certify on time created an undue sense of urgency. A
lax attitude about previously-established flight test procedures prevented a rigorous, data-
driven approach to establishment of takeoff speeds. The lack of a safety management
program allowed the testing program to continue uninterrupted after two uncommanded-
roll incidents because they were not properly investigated. If they had been investigated,
the engineers would have discovered that the right wing experienced a stall during those
events, but miniscule factors of pitch angle and wind likely prevented them from

becoming accidents.

Conclusion

Hindsight is a powerful thing, and while some of these conclusions may seem obvious, it
was likely that people at Gulfstream did not see that they had set themselves up for disaster. The
crash of the experimental Gulfstream G650 in flight testing appears to be a classic example of an
organizational accident as described by James Reason. By examining the errors identified by the
NTSB in the context of Reason’s “Swiss Cheese” model of organizational accident causality, we
can understand how organizational errors in decision and judgment at Gulfstream combined with
critical miscalculations and misguided assumptions to set up a deadly lapse in safety. Reason
(1990) wrote that the interaction of organizational factors and human errors is often intertwined,
random and complex; this accident was no exception, with engineering and management
decisions combining together to create a very hazardous situation that could have been

prevented, but was not fully understood until it was too late.



Figure 1

“Swiss Cheese” model applied to the Gulfstream G650 flight test accident at Roswell

This diagram was created to frame the particular factors called out by the NTSB as events
and conditions that shaped the accident against the layers of Reason’s accident causality model.
To the left of the textual descriptions is an addition to Reason’s original model. The lines
represent some of the complex influences at work within the organization, with purple showing
the pressure of decision making from management, and red arrows diagraming the interaction of

factors from management down to the operators and safety defenses.

Note: Quoted text is from NTSB, 2012, p. 25-26.



References

Cusick, S. K., Cortes, A. 1., & Rodrigues, C. C. (2017). Commercial aviation safety, sixth

edition. McGraw-Hill.

Gulfstream Aerospace Corporation. (2021). The Gulfstream G650 family.

https://www.gulfstream.com/en/aircraft/gulfstream-g650er/

National Aeronautic Association [NAA]. (2021). Collier Trophy.

https://naa.aero/awards/awards-and-trophies/collier-trophy

National Transportation Safety Board [NTSB]. (2012, October 10). Crash during experimental
test flight, Gulfstream Aerospace Corporation GVI (G650), N652GD, Roswell, New
Mexico, April 2, 2011. Aircraft Accident Report NTSB/AAR-12/02.

https://data.ntsb.gov/Docket?Project]D=78738

Reason, J. (1990). Human error. Cambridge University Press.

SKYbrary. (2017, July 20.) V2: Takeoff safety speed. https://www.skybrary.aero/index.php/V2

10



Assignment 2

Assignment 2 — Witness Reporting

Helicopter Down

Saint Louis University, Parks College of Engineering, Aviation and Technology
May 4, 2021



Assignment 2 2

1. Brief Description of the accident scenario

(a) In this accident, there was a tourism helicopter flying over water. The helicopter lost altitude,
at which time, somebody on a nearby ferry began filming the helicopter. The helicopter hovered
over the water. Unable to generate lift, it could not return to a proper flying altitude. The tail end
of the aircraft then went up in the air, and like a cartwheel, went into the water, turning the
helicopter “belly” up. In the water, the water the passengers were able to escape into the water
and appear like little coconut heads toward the end of the video, heads bobbing in the water.

2. Witness report

(b) The witness begins her testimony, “Sorry I’m just a little shakin’ up about what I saw. It was
35 minutes ago.” She begins to tell her story, “We were on a floating catamaran, what do you
call it, a, I saw a helicopter or submarine bobbing, propeller counter clockwise. Floatation tanks
seemed “odd.” Somebody pointed to me look over there, it was bouncing around. Is it
swimming? The it started dipping into water, propeller clockwise motion.” Without interruption
by the interviewer, she goes on to say and self analyze, “maybe too much weight. Front end can
see people. Hovering above like a bobbing for apples situation. Then it flips over into the water.”
After thinking about what she saw, she then starts to question what she saw, “I don’t know if I
saw people get out. | was at the Ferry back. I did not have binoculars.” Going on to describe the
situation, “People in rafts heading over there. Honestly, it was like the helicopter belonged to the
water, apples bobbing.” The self analysis comes back, she describes, “It was surreal, subtle. You
should get. Very unnerving. I need a drink after.” Back to the accident, “Machine failure, the
wind, waves, sucked it in like a seamonster tradgedy. Like I said, unnerving” She goes on to
describe after the crash, “I don’t know if people made it out. Doesn’t seem like there’s enough

time. There was people more in the front end of our ship, but they missed. I saw what more
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happened beforehand. The pointed it out to me. I can’t really speak to that.” Here the witness
realizes that she missed the start of the event, but somebody pointed it out to her. She goes on, “I
can’t really speak to that. It’s almost like one electromagnetic force, you know, the propellers are
going it up, and then the wave, then got lifted to sky, dipped in water. Was still kind of floating at
the same time.” After describing the final moments of the accident, the witness notes, “There
was a fishing or whaling raft nearby.” She goes back to the accident, “Then it started sinking like
an elevator or escalator out of the sea.” Giving insight into how the witness couldn’t tell what she
was looking at, “Model, floating above, floatation devices, become a land to air vehicle, I mean
transport. There was subtlety. A fisherman, some rafts there the back end lifts more as front end
down propellers spinning, counter class basically, suddenly, aircraft upside down, descending
slowly into the water.”

3. Personal reflection

(c) English and Kuzel introduce their audience to the concept of Double Translation with a foray
into 1960°s-era Aviation Accident Investigation. English doctor, Dr. Percy Walker of the
Ministry of Aviation notes “that eyewitnesses to aviation accidents are ‘almost always wrong’ (p.
8). (2014, p 1). In the same article, in which that was sourced, The Sunday Times notes that
Walker was said “to have researched more crashes than anybody else in the world (Air
Correspondent, 1962)” (English, D. & Kuzel, M, 2014, p.1). This logic was used and developed
to explain the nature of inaccuracies in eye-witness testimony. As early as 1906, researchers
identified problems with eye-witness testimony and recollection, using the 1908 Miinstenberg
study in which a revolver was fired during a theatrical scene, a scene conducted by actors
(English, D. & Kuzel, M, 2014, p.1). This problem with eye witness translation and theater could

really be felt during my interview. The strongest example I have is that my witness could not
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discern whether she was looking at a helicopter or submarine, yet was discussing the event with
terms like “electromagnetic interference.” The witness used very flowery language, something,
that as a researcher I have all but learned must be avoided, due to having been taught that. The
idea of using a term like “subtlety” or “like bobbing apples” to describe an aviation accident |
found pretty astounding and astonishing. English and Kuzel explain Double Translation as the
process through which a witness experiences something and then tries to explain it, perhaps even
using technical language, to an interviewer or researcher. In this event, the witness describes the
motion of the propeller and the direction of, but it changes direction throughout her story.
Realistically, I think this was very difficult to discern while watching the event, but perhaps,
given how the water looked, she projected that possibility of direction, though this is complete
speculation. The mixing of this type of information is typical during eyewitness recall events.
Katherine Puddifoot writes about this phenomenon of eye witness inaccuracy in the Cambridge
University Press, article, “Re-evaluating the credibility of eyewitness testimony: the
misinformation effect and the overcritical juror.” She states, “Because jurors tend to [ find
eyewitness testimony compelling and persuasive, it is argued that jurors are likely to give
inappropriate credence to eyewitness testimony, judging it to be reliable when it is not”
(Puddifoot, K., 2014, p. 255). Having witnessed this witness testimony be given, from the
researcher perspective, this was completely the case. The witnesses description was emotional,
compelling, and theatrical. When I was doing the witness interview, I had not seen the video, and
having completed the interview, I had no idea what to expect. The interviewer couldn’t tell if this
was a helicopter or a submarine during her testimony. After I saw the video, though, I do
understand how that’s possible. As the event starts when the witness sees a helicopter, which has

lost its ability to generate life effectively, hovering just feet and inches above water. Because of
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the waves, which were about as tall as how high from the surface the it was hovering, it did look
like it was bobbing, even though, a helicopter cannot bob. When the helicopter crashes, the tail
flips up into the air and then over the head, before entering the water. This change in the
helicopter may explain why the spinning rotation of the blades was described as clockwise in
part of the story and counter clockwise in another. It seems her story was right on. The witness
did a very thourough job describing what she saw, but because of double translation and issues

with witness accuracy and theatrics fueled difficulties with discerning what happened by

listening to a non-technical witness describe crash. Getting through the wall and learning to do

this interview was really cool and a process that I recommend.
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Brief Description of the Accident Scenario
This paper is an overview of the findings, causes, and recommendations reported by the
National Transportation Safety Board regarding the accident experienced by Southwest Airlines

Flight 1380 on April 17, 2018.

Southwest Airlines Flight 1380, operated by a Boeing 737-7H4, was a domestic flight
regularly scheduled from New York-LaGuardia Airport to Dallas Love Field. After a moment
having departed from LaGuardia Airport at about 1103 EDT on April 17, 2018, flight 1380
experienced an engine failure in the left engine. The engine fan cowl was broken into several pieces
and separated from the airplane in-flight. Some of the separated cowl pieces badly damaged the
airplane's left-side fuselage near a cabin window, while others did severe damage to the airplane's
wing. After suffering the cabin window damage, the airplane experienced rapid depressurization.
Thus, the flight crew declared an emergency and requested the controller change the flight’s
direction to the nearest airport, Philadelphia International Airport (PHL), Philadelphia,
Pennsylvania (National Transportation Safety Board, 2019).

The flight crew was able to land the airplane safely at PHL, albeit the left engine failed.
Nevertheless, due to a rapid drop in aircraft cabin pressure, five crew members and one passenger
were fatally injured, and eight other passengers received minor injuries. The airplane sustained
substantial damage in the accident (National Transportation Safety Board, 2019). The NTSB’s
investigation images associated with the engine and the fuselage damage are depicted in Figure 1

and Figure 2.



Figure 1
The disabled left engine by the broken fan blade

Source: (National Transportation Safety Board, 2019, p.21)
Figure 2
Damaged aircraft fuselage by the broken fan cowl

Source: (National Transportation Safety Board, 2019, p.19)



Investigator Information and Analytical Techniques

The NTSB’s investigators were officially communicated about the accident of flight 1380
at 13:07 EDT on April 17, 2018. The investigative team consisting of “the Federal Aviation
Administration (FAA), Boeing, CFM International, Southwest Airlines (SWA), Southwest Airlines
Pilots Association, Collins Aerospace, Transport Workers Union Local 556, and Aircraft
Mechanics Fraternal Association” arrived the scene at Philadelphia International Airport (PHL)
at about 16:30 EDT (National Transportation Safety Board, 2019, p.93). The investigative team
was then divided into various technical areas, such as operation, power plants, structures, and
survival factors, to collect data regarding their investigative tasks. Following the on-scene
investigation, the NTSB performed an investigative hearing for the accident of flight 1380 on
November 14, 2018. The main issues discussed at the investigative hearing contained as follows:
"(a) CFM56-7-series engine fan blade design and development history, (b) CFM56-7-series engine
fan blade inspection methods and procedures, and (¢) engine fan blade-out containment design and

certification criteria" (National Transportation Safety Board, 2019, p.93).

Based on the issues discussed at the investigative hearing, the accident investigators’
analytical techniques centered around the CFM56-7-series engine to understand the impact of a
fan-blade-out (FBO) event, an occurrence of engine failure when one of the fan blades broken at
its root (National Transportation Safety Board, 2019). Within the context of this investigation, the
new analytical techniques were jointly developed by Boeing and CFM International, a jet engine
manufacturer, to grasp the nexus between the CFM56-7B engine and the 737-700 airplane
structure during the accident FBO event. The newly developed analytical techniques primarily

focused on "the operating conditions that the accident engine, inlet, and fan cowl experienced when



the fan blade separation occurred as well as the certification test results." National Transportation

Safety Board, 2019, p.81).

It was pointed out that thanks to the analytical models developed by Boeing and CFM, the

investigative team could accurately assess the following elements: “(a) the effects of the fan blade

fragments’ impact with the fan case, (b) the effects of the resulting displacement wave, (c) the

progressive failure of the inlet and the fan cowl, and (d) the relationship between the inlet and fan

cowl failure sequences.” (National Transportation Safety Board, 2019, p.81).

Major Findings

At the end of the NTSB's accident investigation process, a total of 13 findings were

reported based on the field notes. Major investigative findings were listed in Table 1.

Table 1

Major Investigative Findings the Crash of Southwest Airlines Flight 1370

Due to dovetail stresses higher than expected levels under normal operating loads,
low-cycle fatigue cracking in the fan blade dovetail occurred. It was most unlikely to
detect low-cycle cracks during the fluorescent penetrant inspection at the time of
maintenance performance tasks regarding the fan blade set's last overhaul and fan

blade relubrications.

Fan blade pieces moving forward from the fan case due to the displacement wave
caused by the fan blade's impingement damaged the structural integrity of the inlet,

causing the inlet parts to separate from the airplane.




e Some parts of the fan cowl departed from the airplane because (1) the effect of broken
fan blade placed significant loads on the fan cowl through the radial restriction
assembly, and (2) the residual strength of the fan cowl could not show resistance
against the associated stresses in the fan cowl structure, which caused left engine

failure.

e The airplane's window separated from the airplane by impacting the inboard fan cowl
aft latch keeper with the fuselage. Subsequently, the cabin rapidly depressurized, and

one passenger was fatally injured.

e The crash of flight 1380 revealed the susceptibility of the fan cowl put on the
Boeing 737 next-generation aircraft to a fan-blade-out impact location near the

radial restraint fitting and how such an impact would break the fan cowl into pieces.

e The flight attendants could not sit down on their assigned jump seats during the

emergency landing.

Source: (National Transportation Safety Board, 2019, p.89-90)

Probable Cause of the Accident

“A low-cycle fatigue crack in the dovetail of fan blade” was determined as the probable
cause of the crash of Southwest Airlines flight 1380 by the NTSB. The low-cycle fatigue crack
caused the fan blade to separate from the airplane in flight and stressed the engine fan case, which
is crucial for the fan cowl's structural integrity. The isolated fan cowl fragments violently hit the
fuselage near the cabin window and led the window to detach from the aircraft. Consequently, a
rapid depressurization of the cabin and subsequent passenger fatality occurred (National

Transportation Safety Board, p. 90).



Major Recommendations

As a consequence of this investigation, the NTSB made various safety recommendations
to the Federal Aviation Administration (FAA), Southwest Airlines, and the European Aviation
Safety Agency (EASA) (National Transportation Safety Board, 2019). Table 2 listed the NTSB’s

safety recommendations for each aviation organization.

Table 2

The NTSB’s Major Recommendations related to the Crash of Flight 1380

The Federal Aviation e To ensure the structural integrity of the fan cowl after a fan-
Administration blade-out event, it was recommended for the FAA to make
(FAA) Boeing "determine the critical fan blade impact location(s) on

the CFM56-7B engine fan case and redesign the fan cowl
structure on all Boeing 737 next-generation series airplanes."”

e [t was recommended for the FAA™ to expand its certifications
to mandate that airplane and engine manufacturers work
collaboratively for the analysis of the critical fan blade impact
locations on all engine operating conditions.”

e [t was recommended for the FAA to develop and issue
guidance so that "airlines can mitigate hazards to passengers

affected by an in-flight loss of seating capacity."

Southwest Airlines e To show the importance of being secured in a jump seat
during emergency landings, it was recommended for
Southwest Airlines "to include the lessons learned from the

accident in initial and recurrent flight attendant training."




The European e It was recommended for the EASA “to expand its certification
Aviation Safety requirements to mandate that airplane and engine
Agency (EASA) manufacturers work collaboratively at the time of the analysis

of'the critical fan blade impact locations on all engine operating

conditions.”

Source: (National Transportation Safety Board, 2019, p.91)

General Thoughts and Reflections

It is interesting to note that metal fatigue can still cause airlines incidents and accidents
even if today’s airplanes are manufactured with the latest technology. Campbell's academic
research published in 1981 indicated that metal fatigue was a related cause of most aircraft
accidents between the years 1934 and 1980 (Campbell, 1981). Although it has passed several
decades since the publication of Campbell's research, many researchers have still shared
similarities with Campbell's research findings. For example, Bhamik, Sujata, and Venkataswamy
(2008) suggest metal fatigue leads to the majority of service failures in aircraft components, and it
amounts to about 60% of the total failures. Likewise, Molent and Dixon (2020) assert that in-
service failures from mechanical fatigue still occur in metallic airframe components despite
numerous research studies conducted to prevent such failures. Airplanes' metallic parts become
weakened over time because of repetitive flight cycles and frequent use (JETechnology Staff,
2019). Taken together, the NTSB's investigative findings would seem to suggest that low-cost

carriers' high flight frequencies seriously weaken the endurance of aircraft's metal components.

Another noteworthy point in the accident report of flight 1380 is the NTSB’s
recommendation made to the European Aviation Safety Agency (EASA). Although the NTSB's

primary role is to investigate civil aviation accidents in the United States, its safety



recommendations made as a whole, in my view, have a beneficial influence on aviation safety

improvements.
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Serious Injury to Flight Crewmember During Emergency Evacuation of FedEx Flight 1407

Synopsis

On February 24, 2015, at approximately 0600 central standard time, a FedEx MD-11F,
NS584FE, operating as FedEx Flight 1407, a 14 CFR Part 121 cargo flight, experienced an
automatic fire suppression system (FSS) deployment in the cargo hold. The flight crew made an
emergency diversion and landing at Lambert St. Louis International Airport, St. Louis, Missouri.
During the emergency egress, the L1 evacuation slide failed to support the weight of the first
officer for undetermined reasons, and he sustained serious injuries. The captain and two
jumpseaters exited after the first officer with additional help from fire personnel and sustained no
injuries.

Body

1. Factual Information

1.1. History of Flight

On February 24, 2015, at approximately 0600 central standard time, a FedEx MD-11F,
NS584FE, was in normal cruise flight at FL360 enroute from MEM to MSP when it experienced
an automatic fire suppression system (FSS) deployment in cargo hold 1C/1R. The captain was
the pilot flying (PF). The cockpit CAS messages were confirmed to the crew by two FedEx
jumpseaters who heard a very loud bang, “as if a door fell off one of the cans,” and saw the red
FSS warning lights in the 1C/1R cargo hold through the cargo bay window. They reported to the
flight crew that they did not observe any smoke, flames or fumes. The flight crew followed the
MD-11 QRH emergency fire/smoke checklist and made the decision to divert to Lambert St.

Louis International Airport (STL), about 80 miles south.



After an uneventful diversion, approach and landing, the first officer coordinated with
ATC to evacuate the aircraft on the taxiway as soon as possible after landing on Runway 12L.
Using the QRH emergency evacuation checklist, the captain determined that they would
evacuate using door 1L and the emergency slide, with the first officer going first, followed by the
two jumpseaters, and then himself. The first officer opened the door, and the captain heard the
slide inflate. The first officer and the two jumpseaters, who were closer to the slide, reported
later that the slide did not look as if it was fully inflated, and hung up on its straps in a partially-
inflated position. The first officer “tugged on the slide where it looked like it had hung up” as
fire personnel pulled on it from the bottom, and it appeared to inflate normally. After a short
exchange with fire personnel, he jumped onto the slide in accordance with standard emergency
egress training, but the slide seemed to give way as he was halfway down. He hit the ground and
rolled away from the slide, but did not get up. The fire fighters pulled the slide taut and

supported it while the jumpseaters, and finally the captain, evacuated uneventfully.

1.2. Injuries to Persons

The first officer sustained serious injuries to his back. There were no other injuries.

1.3 Damage to Aircraft

The aircraft was not damaged during the event.

1.4. Other Damage

No property damage was reported during this accident.



1.5. Personnel Information

The flight crew and passengers consisted of two crew members and two FedEx pilots

who were riding in the jumpseats.

The captain was age 55 and held an Airline Transport Pilot certificate and valid Class 1

medical certificate. His last Part 121 check was June 3, 2014 in the MD-11.

The first officer was age 51 and held an Airline Transport Pilot certificate and valid Class

1 medical certificate. His last Part 121 check was November 14, 2012 in the MD-11.

1.6. Aircraft Information

N584FE was a McDonnell-Douglas MD-11F, serial number 48436, manufactured in

1992. The aircraft was equipped with three General Electric CF6-80 turbofan engines.

1.7. Meteorological Information

No weather data was available at the time of this report.

1.8. Aids to Navigation

No aids to navigation were in use at the time of the accident.

1.9. Communications

No communications were recorded during the time of the accident.

1.10. Aerodrome Information

Lambert St. Louis International Airport (STL) is an international airport in St. Louis,
Missouri, USA. The runway used by the accident flight was 121, a 9,003 foot long by 150-foot

wide concrete grooved runway. The evacuation took place on Taxiway K.



1.11. Flight Recorders

No flight recorder data was available at the time of this report.

1.12. Wreckage and Impact Information

The aircraft was not damaged during the accident. The slide/raft used during the

evacuation was removed from the aircraft for evaluation and testing.

1.13. Medical and Pathological Information

Other than the serious injury to the first officer sustained in the evacuation, there were no

medical issues, pathological testing or drug/alcohol testing made available to the NTSB.

1.14. Fire

After investigation of the cargo compartment where the fire suppression system had
discharged, it was determined there was no fire on board the aircraft. The fire suppression system

discharged as a false alarm for unknown reasons.

1.15. Survival Aspects

The evacuation slide did not work as designed during the evacuation sequence. Because it
did not fully inflate, the first officer’s body was not properly supported during his egress, and he
subsequently impacted the taxiway, leading to serious injury. Firefighters on scene were able to
assist the other crew members by supporting the slide at the bottom while they sat on the slide

and gently slid down.



1.16. Tests and Research

The slide/raft assembly that was involved in the evacuation, Fed Ex Evacuation System
60289-117, serial number 0406, was shipped to Air Cruisers Company in Wall Township, NJ for
examination by qualified personnel and the Survival Aspects working group. The slide/raft
assembly, along with its carrying case, was found to have some areas of minor damage to various
components, but nothing that would preclude normal operation. The inflatable unit was partially
inflated with compressed air, and no leaks or unusual damage was found, although the re-
entry/mooring lines were not routed correctly. There was a loose section in the left side middle
of the inflatable, but no discoloration or marks that would indicate ingestion into the aspirator.
The reservoir and valve assembly were pressurized and leak checked, with no leaks found. After
the reservoir and valve assembly were reinstalled to the inflatable, a flat fire inflation was
performed successfully, with 2.54 psi measured in the upper tube and 2.43 psi measured in the
lower tube. No obvious leaks were found in either chamber. The valve regulator calibration

check recorded a peak value of 497 psi, with a CMM requirement of 550 psi, +/- 50.

1.17. Organizational and Management Information

The accident flight was operated by Federal Express as a 14 CFR Part 121 cargo flight.

No organizational or systemic factors were found to contribute to this accident.

1.18. Additional Information

None available at the time of this report.



2. Analysis

The flight crewmembers and jumpseaters each submitted reports of the accident. All of
them, with slight variations, reported the same sequence of events. The flight crew was qualified
for the flight, and followed the procedures set forth in the QRH appropriately for the fire
suppression system discharge by making an immediate decision to divert and land at the nearest
suitable airport. The captain made the correct decision to evacuate the aircraft despite the lack of
physical evidence of a fire. Although the slide/raft functioned as designed during testing after the
accident, for undetermined reasons it did not fully inflate during the evacuation, leading to the

serious injury sustained by the first officer.

Figure 1 maps out the events and causal factors analysis, adapted from Wood and

Sweginnis (2006, p. 464).

Figure 1: Events and causal factors analysis



3. Conclusions - Findings and Causes

The probable cause of this accident was the failure of the emergency slide/raft to fully
inflate during the evacuation process for undetermined reasons, leading to an uncontrolled
descent of the first officer to the surface of the taxiway and a resulting serious injury.
Contributing to the accident was the inadvertent false-alarm discharge of the fire suppression
system in the cargo hold.

4. Safety Recommendations

Recommendation A: The FAA should allow for use of additional training and deviated
procedures in situations where there is clear evidence of a false alarm. This accident is a
reminder that fire suppression systems and emergency equipment do not always function as
intended. These systems must be properly maintained in accordance with manufacturer
instructions. Airlines and their governing regulations provide strict procedures to follow in the
event a safety device such as fire suppression system is deployed. However, should there be a
false alarm or failure of such a system, the resulting situation can lead to additional difficulty
and, in this case, needless injury.

Although the captain made decisions according to the QRH and airline procedures during
this event, the lack of fire on the right side of the aircraft may have justified using the slide on
the right side when it was observed that the left-side slide looked like it was not fully inflated.
Flight crews should make informed decisions based not only on the procedures, but also physical
evidence of a threat in these types of situations.

Recommendation B: Airports should strive to improve EMS response times. While it was
not included in the body of the report, it was reported that it took EMS crews 10-15 minutes to

reach the first officer and render aid. The fire crew was preoccupied with helping the remaining



three people out of the aircraft and did not render aid immediately, despite his debilitating injury
and his immobility on the concrete in freezing temperatures. Airports should evaluate their first
responder teams to provide faster response for EMS and/or larger fire crews able to handle more

timely trauma relief.
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Course: ASCI 5220 Aviation Safety
Programs Semester Taught: Fall 2020
Number of Students in Course: 3

Graduate Course Assessment Form

Assess Student Learning Outcomes

Student Learning Outcome
Assessed

(Indicate what % of class achieved a minimum

Assessment Results:

score of 80%)

Benchmark achieved?

(Benchmark: 80% of students will score a

minimum of 80% = “B”)

1. Assess relevant literature or

contexts.

scholarly contributions in the 100% Yes
aviation field of study.
3. Apply knowledge from the
aviation field of study to
address problems in broader 100% Yes

Course Assessment (Intended Use of Results)

The following will be used for recommendations to improve the quality of course delivery based on assessment results. These recommendations
may include prerequisite change; changing course outline and adding more topics; adding a third assessment; changing the course sequence, etc.

*Attach description of assignment used for assessment and samples of student work.




Graduate Course Assessment Form

Assess Student Learning Outcomes

Course : ASCI 5470-01 Quantitative Data Analysis

Semester Taught: Spring 2021
Number of Students in Course: 1

Student Learning Outcome
Assessed

Assessment Results:
(Indicate what % of class achieved a minimum
score of 80%)

Benchmark achieved?
(Benchmark: 80% of students will score a
minimum of 80% = “B”)

2. Apply the major practices,
theories or research
methodologies in the aviation
field of study.

SPSS 1 - 100%; SPSS 2 — 100%; SPSS 3 — 0%; SPSS 4 —
0%; SPSS 5 — 0%; LMR Design — 100%: AVG = 50%

Elements of Assessment (SPSS Assignments & LMR
Design) yielded 50% and did not exceed the desired
benchmark of 80%.

5. Evidence of scholarly and/or
professional integrity in the
aviation field of study.

SPSS 1 - 100%; SPSS 2 — 100%; SPSS 3 — 0%; SPSS 4 —
0%; SPSS 5 — 0%; LMR Design — 100%: AVG = 50%

Elements of Assessment (SPSS Assignments & LMR
Design) yielded 50% and did not exceed the desired
benchmark of 80%.

Course Assessment (Intended Use of Results)
The following will be used for recommendations to improve the quality of course delivery based on assessment results. These recommendations

may include prerequisite change; changing course outline and adding more topics; adding a third assessment; changing the course sequence, etc.

The assessment of student learning outcome (5) — evidence of scholarly and/or professional integrity in the aviation field of study — did not meet the
benchmark of 80%, where the students presented their scholarly and/or professional integrity on different aspects: statistical research design, using

statistical software to analyze aviation/aerospace data, interpreting statistical data from their own research studies, exploring published research
findings, interpreting published research findings, and presenting the research findings in APA format. Specific elements of assessment include:

Frequency Distribution (SPSS 1), Measures of Central Tendency (SPSS 2), independent t test (SPSS 3), Analysis of Variance (ANOVA — SPSS 4),

Pearson Correlation (SPSS 5), and Linear Multiple Regression (LMR) design. For the upcoming semesters, the same elements of assessment
“SPSS Assignments & LMR Design” will be used and more participation from the students will be encouraged.

*Attach description of assignment used for assessment and samples of student work.
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One of the most important flying skills a pilot must develop is landing. According to the
Federal Aviation Administration (FAA), the landing phase represents nearly half of all general
aviation accidents (FAA, 2008). Many types of accidents and factors can occur during the
approach and landing phase of flight. The most common types of factors include controlled flight
into terrain (CFIT), loss of control (LOC), and runway excursions (FAA, 2008). Due to the
inherent risks, there is a concentrated effort across international safety experts to address all
aspects of approach and landing accidents (Skybrary, 2020).

Pilots across all levels recognize the approach to landing as a critical phase of flight.
Critical phases of flight require the flight crew to perform only the duties required for the safe
operation of the aircraft. It is during this phase that pilots should be the most attentive to their
environment and operation of their aircraft. Awareness of the highest risk phase of flight is
important for operators to prepare themselves for any factors and lead to the safest outcome. The
purpose of this research is to identify the number of landing accidents leading to non-fatal
injuries.

Method of Analysis

Data Source

The National Transportation Safety Board (NTSB) is an independent U.S government
investigative agency responsible for civil transportation accident investigation. According to the
NTSB, the aviation accident database contains civil aviation accidents and selected incidents
within the United States from 1962 (NTSB, 2021). This database was used for searching and

grouping of data for data analysis.

Verification on type of data

For this research, the search query utilized the term “forced landings” to identify relevant

accidents in the NTSB database. Since the NTSB records accidents from 1962, this research
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restricted the dataset to the most recent periods of 2003-2007. Injury severity was limited to non-
fatal outcomes. There was no consideration for the operation classification between Part 91, 135,
or 137. The phase of flight that was considered was the landing phase. The discrete dataset was
classified by these groups and were determined to be categorical variables. The initial query and

subsequent screening resulted in 1681 valid occurrences.

Research Question

For the period of 2003-2007, how many accidents resulted in non-fatal injuries during the

landing phase?

Data Analysis

The dataset was obtained in the . XML format, prescreened in Microsoft excel, and
imported in the SPSS program for analysis. The data is discrete because the occurrences and
categorical variables were measured numerically. Frequency analysis was used to identify the
number of occurrences of incidents for each phase of flight. Table 1 represents the dataset as a
table form and initially organized to compile the findings and determine the cumulative
distribution. According to this view, cruise flight represents a significant frequency of
occurrences. Figure 1 presents this distribution as a bar graph. Figure 2 better represents this

percentage difference as a pie chart compared to the other phases of flight.

Results

The results of the study showed that the cruise phase of flight represents 38% of non-fatal
forced landings during the period of 2003-2007. During the landing phase of flight, 25 total
accidents resulted in non-fatal injuries to the occupants. This total combined with the approach

phase of flight led to 258 occurrences leading to non-fatal injuries which accounts for 15.4% of
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the total accidents from this period. Unsurprisingly, ground operations such as the taxi phase of

flight or other did not have a higher percentage of events.

Limitations included in this study were the conditions that each event occurred in. The
retrievable data from the NTSB database did not fully explain the nature of each of these
occurrences. Combined with the factor of a large dataset, it would be time consuming to evaluate
each case report to determine the factors into each event. Future research on this topic should the
effects of the safety recommendations made by international and domestic authorities to

minimize these occurrences.
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Tables

Table 1. Data Summary and Cumulative Percent

Broad Phase Of Flight

Cumulative
Frequency Percent Valid Percent Percent
Valid 40 2.4 2.4 2.4
APPROACH 233 13.9 13.9 16.2
CLIMB 76 4.5 4.5 20.8
CRUISE 644 38.3 38.3 59.1
DESCENT 104 6.2 6.2 65.3
GO-AROUND 23 1.4 1.4 66.6
LANDING 25 1.5 1.5 68.1
MANEUVERING 172 10.2 10.2 78.3
OTHER 1 A A 78.4
TAKEOFF 361 21.5 21.5 99.9
TAXI 2 A A 100.0
Total 1681 100.0 100.0
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Figure 1. Frequency Distribution of Non-Fatal Accidents
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BroadPhaseOfFlight

Figure 2. Percentage of Non-Fatal Accidents
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Pilots who have earned their airline transport pilot (ATP) certificate have accumulated a minimum of 1,500 recorded flight
hours. This experience represents a wealth of knowledge inside the cockpit however, does this experience translate into efficiency
under pressure? A pilot’s skill, competence, and qualifications for new ratings is largely based on logged experience. The knowledge
and skills of a student pilot compared to a seasoned flight instructor is far apart. For example, to earn your flight instructor certification
accumulation of experience is not only a legal requirement but a safety one as well. A key factor that may assist pilots in performing the
task safely in highly demanding and stressful situations is their level of expertise, especially their prior experience with the situation
(Limor, 2020, pg 39). According to Limor, studies have shown that “inexperienced pilots tend to possess higher levels of mental
workload than experienced ones” (Limor, 2020, pg 39). Therefore, the requirements to earn an ATP certification exists as a benchmark
of safety. In theory, more experienced pilots should have the capacity to handle highly demanding and stressful situations. A pilot’s
expertise should allow them to recall more information relevant to the task. In a study evaluating the effects of flight experience of
captains and first officers suggests this conclusion. As expected, the results of the study pointed that pilots with lower levels of
experience were more likely to be involved in a safety incident compared to pilots with higher levels of experience. The question arises

whether the experience of an ATP certificated pilot outweighs the ability of a pilot with this certification to handle an emergency.

Method of Analysis
Data Source

The National Transportation Safety Board (NTSB) is an independent U.S government investigative agency responsible for civil
transportation accident investigation. According to the NTSB, the aviation accident database contains civil aviation accidents and
selected incidents within the United States from 1962 (NTSB, 2021). This database was used for searching and grouping of data for

data analysis.
Verification on type of data

The data represents values from the moment an inflight emergency occurred to the flight crew’s response time to safely land
the plane. The dataset being analyzed is a fictitious data set created to represent the efficiency of a flight crew when an emergency

emerged. A random number and classification of the pilot’s experience was used to obtain the dataset values. The pilot category held or
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did not hold an ATP certification at the time of the emergency. Time under pressure is represented in minutes taken from the fictitious
timestamp since the emergency occurred.

The independent variable is the pilot’s experience defined by attaining ATP minimums. The dependent variable is efficiency
under pressure to handle an emergency defined as time in minutes.

Research Question

Does a pilots’ experience lead to efficiency under pressure when handling an emergency?
Data Analysis

The data was created in Microsoft Excel spreadsheet. Values were obtained through the random value generator with set limits.
This data was then imported into SPSS and descriptive statistics were utilized. The results generated is available in Figure 1. The results
obtained includes the range, minimum, maximum, sum, mean, standard deviation, and variance. This data was then used to interpret the
efficiency of pilot’s experience under pressure.

Results

After processing a sample size of 25 pilots through the SPSS software, the descriptive statistics yielded a range statistic of 47.
Time to handle an emergency ranged from a minimum statistic of 10 minutes to a maximum statistic of 57 minutes. ATPs reported a
mean time of 32.48 minutes to handle an emergency under pressure. There was a standard deviation of 15.213 minutes to handle an
emergency under pressure amongst the datasets. The variance statistic was 231.427.

The output of the descriptive statistic table indicates a wide discrepancy amongst pilots with and without an ATP certification.
Limitations of this study include several factors which affected a more useful outcome. Factors such as type of emergency, aircraft
complexity, crew resource management, phase of flight, standard operation procedures, and others influence the time pilots take to
handle a given emergency. Experience alone cannot be the only factor in this experiment.

Further research into this study should include additional training for pilots to maintain proficiency for any given emergency.
Scenario based training can provide additional training for pilots without the need for a real emergency. Equipment such as flight

simulators provide the best replications for emergency situations which pilots can practice for.
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Figures
Descriptive Statistics
N Range Minimum Maximum Sum Mean Std. Deviation Variance
Statistic Statistic Statistic Statistic Statistic Statistic Std. Error Statistic Statistic
Time under pressure after 25 47 10 57 812 32.48 3.043 15.213 231.427
occurrence in Flight (in
minutes)
Valid N (listwise) 25

Figure 1. Table of descriptive statistics of pilot’s experience in relation to time under pressure after an occurrence in flight.



Linear Multiple Regression

1.

Purpose Statement

The purpose of this study was to determine the relationship between the total of non-
fatal injuries among aviation accidents/incidents and several variables like accident location,
aircraft category and class, engine type, FAR operation, purpose of flight, broad phase of flight,
and weather condition.

Variables (Predictors)
Predictors

e Accident location

e Aircraft Category

e Aircraft Class

e Engine Type

e FAR operation

e Purpose of flight

e Broad phase of flight
e Weather condition

Dependent Measure

The total number of non-fatal injuries among aviation accidents/incidents recorded in
the National Transportation Safety Board (NTSB) database.

Operational Definitions

The accident location indicates the primary state and airport the accident took place
over. Aircraft category refers to lighter than air, rotorcraft, airplane, or glider. Aircraft class
indicates single-engine land, single-engine sea, multi-engine land, or multi-engine sea for
airplanes. The engine type refers to the classification such as reciprocating, turboprop, turbojet,
turboshaft, and turbo fan. The FAR operation indicates whether the flight operated under part
91, part 121, or part 135. The purpose of flight refers to the reason the flight was taken
classified into personal, scheduled air carrier operation, or charter. The broad phase of flight is
focused on the different phases of flight such as takeoff, cruise, maneuvering, approach, and
landing. The weather conditions are categorized as visual meteorological conditions or
instrument meteorological conditions at the time of event.

Research Question

What is the relationship between the total of non-fatal injuries among aviation
accidents/incidents and several variables like accident location, aircraft category and class,
engine type, FAR operation, purpose of flight, broad phase of flight, and weather condition?

Statistical Hypothesis



HO: p =0, There is no significant relationship between the total of non-fatal injuries
among aviation accidents/incidents and several variables like accident location, aircraft category
and class, engine type, FAR operation, purpose of flight, broad phase of flight, and weather
condition.

H1: p # 0, There is a significant relationship between the total number of non-fatal
injuries among aviation accidents/incidents and several factors like accident location, aircraft
category and class, engine type, FAR operation, purpose of flight, broad phase of flight, and
weather condition.

Path Display
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Graduate Course Performance Indicator Rubric

Assess Student Learning Outcomes

Course: ASCI 6020 Flight Operations Business and Administration Course Instructor: Janice McCall
Semester Taught: _Spring 2021 Number of Students in Course: 3
Student Learning Outcome Assessment Results: Benchmark achieved?
g (Indicate what % of class achieved a minimum (Benchmark: 80% of students will score a
Assessed o s 0/ = R
score of 80%) minimum of 80% = “B”)
SLO 1: Assess relevant literature or o
scholarly contributions to the aviation field 100% Yes
of study.

Course Assessment (Intended Use of Results)
The following will be used for recommendations to improve the quality of course delivery based on assessment results. These recommendations
may include prerequisite change; changing course outline and adding more topics; adding a third assessment; changing the course sequence, etc.

*Attach description of assignment used for assessment and samples of student work.



Assignment Description

White paper introducing planned topic for final paper

Blackboard Assignment Information: Complete the white paper as a proposal for your final paper by following the sample, guidance, and rubric
in the Syllabus, Schedule, & Resources folder. This assignment is worth up to 50 points and is due on 25 February 2021, by 11:59 pm. Submit the
white paper by attaching it as a Word document to this assignment.
Points Possible: 50
Due Date: 25 February 2021
Notification thru: Syllabus, Schedule, Announcement, Early Warning, and Module lesson plan
Submission: Microsoft Word (or equivalent) document via Blackboard assignment link
Guidance and resources: Guidance paper with sample topics, Paper Formatting Requirements for white paper, short, and long papers. Grading
Rubric for Writing Assignment/Essay, link to “Writing a white paper” (University of Arizona, n.d.), link to Purdue Online Writing Lab, and link to SLU
Graduate Writing Center.

NOTE: For this white paper, a reference page is only required if you cannot provide a weblink to the source. Whenever possible use the

weblink feature in Word to link citations to the source website. If a link cannot be provided, then you must include a Reference page
formatting in APA 7t style.



Sample of Students’ Work

ASCI 6020-01
2/25/2021

The Economic Viability of Airline Environmental Sustainability Post-COVID-19

The global airline industry is in the midst of a historic downturn due to the ongoing COVID-19 pandemic, and the necessity for the
intervention of environmentally damaging operational practices must not be ignored while resuscitating struggling companies. Due to extreme
financial losses within the industry, governments worldwide have loosened environmental requirements meaning that airlines have an economic
foothold at the expense of neglecting prior environmental responsibilities. In order to avoid the potential reversal of environmental progress within
commercial aviation, it is imperative for governments and airlines to continue to support carbon-offset measures, biofuel research and powerplant

advancement, energy reduction, hazardous waste reform, and overall resource conservation measures.

Through an unyielding push to eliminate the carbon footprint of the transportation industry, International Civil Aviation Organization (ICAO)

members’ voluntary carbon-offset agreements have the potential to eliminate 80% of carbon dioxide emission growth by 2035 (IATA, 2016). In

2016, ICAO produced the Carbon Offsetting and Reduction Scheme for International Aviation (CORSIA), and there are currently 87 participating

countries which are responsible for 77% of aviation emissions (IATA, 2020). Due to the pandemic, CORSIA was reevaluated in June of 2020 in

order to avoid setting unrealistic assumptions that the offsetting is effective when in reality it was merely a reduction in air travel (IATA, 2020).

Airlines such as United Airlines are furthering sustainability efforts by partnering with conservation organizations that protect ecosystems that collect
carbon, and through determined carbon offsetting as well as modern carbon capture technology, airlines may significantly lower carbon emissions

(Ecowatch, 2021).
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Biofuels and energy reduction are essential steps in reducing the detrimental consequences of airline travel. Beyond the enormous expenditure
which contributes to 27% of global airline’s operating costs on average, the aviation industry is anticipating the growth of fuel consumption to rise

1.5% annually (EIA, 2017; IATA, 2016). The United States Energy Information Administration (EIA) reported that the U.S. aviation industry

consumed over 5.1 billion barrels of petroleum (EIA, 2017). In 2009, the International Air Transport Association (IATA) announced a progressive

goal to reduce carbon emissions in half by 2050 compared to 2005 emission levels. This is projected to be possible due to the improvement of biofuel

and technological advancements of aircraft engines (IATA, 2015). The predominant feedstocks for biofuels are classified into three generations of

sources. Edible crops such as wheat and corn, non-edible crops such as cooking oils and waste animal fats (WAFs), and an algal feedstock are all

being manufactured to replace existing jet fuel (Wei et al., 2019). There are a number of concerns with the various processes that are involved in

efforts to find a replacement for current Jet-A fuel such as production of greenhouse gas (GHG) emissions, water and land depletion, food scarcity,

unreasonable financial costs, and reduction in soil quality (Wei et al., 2019). An alternative to jet fuel and increasingly more efficient engines are

essential in the pursuit of reducing airline carbon emissions, and global government and airline support is critical in helping establish the

infrastructure for this necessary endeavor.

A crucial component of environmental sustainability is waste management. Prior to the pandemic, airlines began to push for sustainable waste
management. Ryanair committed to completely eliminating plastic use by 2023, and Air New Zealand sought to eliminate all waste from Auckland

ground operations from entering landfills by the end of 2020, divert 75% of waste from non-Auckland ground locations by the end of 2019, and

divert 50% of domestic jet inflight waste from landfills by the end of 2019 (Wei et al., 2019,Baxter, 2020). Unfortunately, the pandemic has
heightened single-use plastic consumption, and the multifaceted effects of COVID-19 must be delicately mitigated. Businesses are now forced to

shift priorities away from sustainability in order to survive due to regulations and policies restricting former practices. The United States
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Environmental Protection Agency (EPA) has reduced regulatory enforcement to reduce financial burdens on struggling organizations (Davis-

Peccoud & van den Branden, 2020). The culmination of personal protective equipment (PPE) and single-use plastics will certainly leave a lasting

environmental impact on future generations, and it is necessary to reduce the consumption of harmful plastics (Flint, 2020).

Energy reduction is a key component in airline sustainability. British Airways was the first airline to adopt environmental procedures in order
to increase fuel efficiency and reduce emissions, and airlines continue to adapt practices in order to reduce fuel consumption through more

advantageous routes and strict aircraft control (Reals, 2007). Additionally, the improvements to the United States National Airspace System will

provide many benefits that will help reduce both environmental and financial burdens (FAA. 2020). Increased fuel efficiency is a continuous goal of

airlines and governments, and the benefits of technological and procedural advancements will be felt in the global economy and the environment.

COVID-19 has proven to be a devastating exercise of the potentiality that is the ongoing environmental crisis. The global aviation industry
has been reactive to the consequences of the pandemic, and proactive sustainability actions taken in this era will reduce the impact of climate change.
Environmental trends leave no room for misidentifying the role that the aviation industry plays, and the pandemic allows for a global understanding

that identified weaknesses must be attended to before they leave unrecoverable effects (Vetter, 2020). It will take significant investment from both

government agencies and airlines to integrate carbon-offset measures, biofuel research and powerplant advancement, energy reduction, hazardous

waste reform, and overall resource conservation measures, but by doing so, the impact of climate change may not be catastrophic.
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The Looming Pilot Shortage:

The global pandemic the world is currently engulfed in has wreaked havoc on the aviation industry. In one year, the Transportation Security
Administration (TSA) reported that only 87,534 people flew during one Monday in April of 2020, when on that preceding date last year, 2,644,981

passengers crossed through security checkpoints (Compton, 2020). Airlines were forced to reduce their fleets and downsize to avoid the loss of

revenue, however globally the industry had a net loss of 118.5 billion dollars and is expected to lose another 38.7 billion in 2021 (IATA, 2020). This

drop in revenue has cause many airlines to downsize and furlough pilots to help stabilize their bank accounts. This has created an industry wide
surplus of pilots, as airlines have ceased hiring. The problem is that once flying demand starts to increase as passengers start flying more regularly,

the industry will run out of qualified pilots and a severe pilot shortage will emerge.

The airline industry is no stranger to furloughs. After the terrorist attacks in New York on September 11, 2001 the industry suffered a large
reduction in flying. This caused the airlines to furlough pilots similar to the current pandemic. Furloughing pilots can cause pilots to pursue a

different career, as some pilots saw the risk of another furlough as reason enough to change career paths (Munoz, 2021). If we apply the same

principles to the current ongoing global pandemic, we cannot assume that all of the furloughed pilots will be able to be recalled once flying returns to
the 2019 numbers being recorded. Boeing has revised a study they did on the outlook for the total number of pilots, mechanics, and cabin crew
members needed between 2020 and 2039. They found that the total number dropped approximately five percent for pilots, but still would require

804,000 new pilots trained and ready to operate commercially (Tulis, 2020). This number is still significant, as training this number of qualified crew

members will already be difficult.
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The demand for pilots and qualified crew is however widely debated. One study found that the active pilot population would return to 2019

levels as early as 2022 (CAE, 2020). This situation is further complicated by the differences between leisure travel and business travel, as the two

have very different implications for airlines and potential revenue. Business travel is suspected to pick up until late 2022, which would severely effect

airlines abilities to turn profits even with the harsh cost cutting measures that have been implemented (Russell, 2020). The International Air

Transport Association does not foresee 2019 levels of travel until 2024, with domestic operations increasing before international travel (Russell,
2020). The differences between domestic and international travel have significant impacts on the types of aircraft that airlines will utilize, as well as

the amount of crew members required to man them.

Some research suggests that recovery will be quick, as they anticipate a rebound in traffic as the Gross Domestic Product (GDP) of the United
States and the world reach pre Covid levels of 2019 during 2021 (Stanley, 2020). As researchers and airlines try to determine when passenger traffic
will increase, a significant number of pilots are reaching the mandatory retirement age and having to be removed from the pilot pool (Munoz, 2020).
During this time, the airlines are not hiring any more pilots, so as demand picks up, the supply will be increasingly diminished. This reduced number

of pilots will create a supply issue that could potentially dwarf the pilot shortage felt in 2019.

The looming pilot shortage ahead of the industry has potential to stunt the growth and recovery of the industry right when the industry needs
it most. This problem can be mitigated by training pilots and crews ahead of demand, instead of waiting for demand to increase. The problem with
the industry and training pilots is that they can only train so many pilots at a time with the number of simulators and instructors available. The more
financially viable option would be to train pilots ahead of demand instead of trying to acquire more simulators and instructors qualified to train new

commercial pilots.
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Understanding Automation

It will be interesting to see how newer generations of pilots utilize and manage automation in aircraft. As automation entered the cockpit, the
pilots had to learn how to utilize this technology with no prior knowledge of advanced aviation technological systems. As for the newer generations
and generations to come, interacting with sophisticated technology is introduced at a very early point in most people’s lives and continues to advance
further with more modern technology, and is much more accessible now, than it was in the ‘40s, ‘50s, and even ‘80s. The in-depth understanding of
aircraft automated systems, and how to manage them, is superficial and has led pilots to getting into undesired and unexpected situations.

People of newer generations have had an earlier introduction to technology than their Silent Gen and Baby Boomer counterparts, with 98%

of households with small children under the age of eight having mobile devices, such as smartphones and tablets (Kamenetz, 2017). Having been

accustomed to technology and other types of automation from an earlier age, the pilot generations to come will have fewer incidents and accidents
involved with mismanagement of aircraft automation.

The human mind — and body — has proven to be quite remarkable and capable of accomplishing extraordinary feats. In our history, humans
have figured out that there are other worlds in the cosmos, the speeds at which light and sound travels, and how to keep a few hundreds of thousands
of pounds in the air, and to do so with automation. Automation has limitations. Even with these limitations, though, we have gained understanding in
how accurate, precise, and useful this technology can be — sometimes even more so than humans — to do such things as Category III instrument
landing system approaches to a runway safely with practically zero visibility outside the aircratft.

It is when operators do not understand these limitations that terrible things happen. A deathly example of when limitations were not
understood was with Air France Flight 447, when an Airbus A330 stalled 35,000 feet into the ocean below. In the moments leading to the accident,

the flight crew did not understand that the aircraft automation logic had reverted to a lower mode, called Alternate Law in Airbus systems (Airbus
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2011), because all of the aircraft’s pitot tubes had gotten iced over. From the cockpit voice recordings, the crew realized the aircraft was in a stalled

state. Under Normal Law, Airbus automation limits the angle of attack value, even if either sidestick is fully deflected aft (AirbusDriver, 2021),

making it virtually impossible to stall the aircraft. In Alternate Law and Direct Law, however, the aircraft loses stall protection. Throughout aviation,
it is taught and practiced to recover from a stall by decreasing the angle of attack, which usually comes about by pushing forward on the control stick.
The pilot in the right seat of Air France Flight 447 did not understand that the aircraft was in this reversionary mode, thus he did not know that the
stall protection, that is usually afforded to the crew, was lost when he held his sidestick fully aft the entire time, keeping the aircraft in the stalled

state (BEA, 2011).

Technology, when monitored correctly and prompt corrective action is taken when needed, has proven to be useful. Technology and
automation in the manufacturing industry, for example, has proven to increase productivity, and is even projected to continue to increase globally 0.8

— 1.4% annually (McKinsey Global Institute, 2017). Also according to McKinsey, about 60% of occupations have at least 30% of their activities that

are automatable (2017). With aviation having utilized some form of automation since the late 1940s with Lear’s F-5 autopilot (National Aviaton,

2020), and has continuously increased the use of automation within aircraft since its inception, those statistics hold true to pilots.

Mr. Lear had a quick “run in with the law” when he had penetrated the western Air Defense Identification Zone, at the time, without
permission and was soon intercepted by fighter aircraft because he had assumed the airplane was fine while he tended to his wife and son, sitting in
the passenger seat next to him (National Aviation, 2020). But with this new addition to aviation and of lack of familiarity and overreliance on it,
automation — the notion of autopilot, in particular — has led to pilots to get themselves into undesired and even dire situations, like mentioned earlier.
While automation may take away a lot of the physical work of flying the aircraft, there is essentially a trade-off with more mental work to be done by

the pilot to ensure that the automation is controlling the aircraft as desired.
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The commonality of aircraft being equipped with more technically advanced components such as an electronic primary flight display, electric

multifunction display, and two axis autopilot,
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CHAPTER 1: INTRODUCTION

The onset of the 2020 COVID-19 global pandemic demonstrated the essential roles of
emotional strength, adaptability, and a persevering mindset — hallmarks of the concept of
individual resilience - when normal life is completely disrupted. Many shared societal
frameworks of daily life, including vocational work and education, were impacted. Whether self-
employed or formally part of a large organization, work goals, communication, job roles and the
manner in which tasks were accomplished changed almost literally overnight, with familiar
routines suddenly fractured and distributed (Mickeler, 2020).

In educational settings, students and educators faced similar disruptive challenges.
Focusing on education, and aviation education specifically, Bjerregaard (2020) noted a seismic
paradigm shift for educators and learners during the pandemic crisis in 2020, who were forced to
rapidly adapt to new blended learning strategies, e-learning platforms and adjusted outcome
metrics where none had existed.

Interestingly, workforce studies prior to the 2020 pandemic already highlighted growing
competency gaps in valuable worker characteristics grouped under the heading of term
resilience. Behavioral and emotional trait descriptors for describing this overarching term
include: ability to thrive in the midst of disruptive change, adapting to new job roles, “bouncing
back” from hardship (Smith et al., 2008); possessing emotional intelligence - defined in
workforce and employee performance research as the ability to identify and discriminate one’s
own and others’ emotions (Goleman, 1996) to guide thinking and behavior in a positive manner
with willingness to change (Munir & Azam, 2019); an attitude of continuous learning and
adaptability necessary for occupational viability (Garett, 2017; International Labour

Organization, 2020; Saxena, 2016). Colfax, et al., (2010, p. 95) reported resilience-like



competencies account for 58% of key performance metrics in all types of jobs and were the
single biggest predictors of job performance success. Likewise, resilience competencies
characterized as “non-technical” but essential, were ranked of equal or greater importance than
rote memory knowledge, vocational training and skills alone, and were viewed as stronger
predicators of career success or failure (Adkere, 2020; Anderson, 2020).

This report will further focus on these and other commonly cited attributes of desirable
resilience competency specific to the aviation and aerospace workforce. It will culminate on the
critical role of educators in aviation and aerospace education in facilitating resilience
competency abilities in learners, and gap in aviation education where the future aviation and
aerospace workforce is equipped with this important competency. A study on how aviation and
aerospace students experience resilience, their motivation for incorporating resilience
competencies into learning is proposed. data from a learner’s perspective will be used to inform
and focus resilience teaching strategies with specific resilience categories identified in literature
(Ropp & Belt, 2020). This in turn will help educators sharpen the pedagogy for mentoring
specific professional resilience competencies called for the by the industry.

Background of the Study

Resilience challenges for the aviation and aerospace workforce

Much of global societal life is structured around the speed of commerce, defense, on-
demand leisure activity, access to goods, services and other vital connections to the world
afforded by aviation and aerospace. In fact, these industries contribute to daily personal and
business life, economic development and growth worldwide, generating $3.5 Trillion in

economic contribution, 87.7 million jobs and 4.1% of the global Gross Domestic Product (GDP).



If the aviation industry was a country it would be the 17th largest economy in the world (Air
Transport Action Group, 2020, p.10).

At the same time, disruptive advances in computing technology, shifting global trade and
supply chains, regulation and political climates, constantly reshaping business and operating
models now demand a more resilient, agile workforce (Hedden, 2020). One aerospace workforce
model emphasizes interpersonal competencies that explicitly include “inquisitive, resilient,
critical thinking approaches” to open-ended, problem-based scenarios (U.S. Dept. of Labor,
2018). Even more urgently, recent research asserts lack of these competencies to be a direct
threat to safety, reliability and economic viability of these industries (Gohardani, 2018; Hedden,

2020; Mickeler, 2020).
Implications for collegiate aviation and aerospace education

The scope of resilience needs and current workforce deficit implies that responsibility for
resilience competency preparation - for graduates as well as the existing workforce - cannot rest
with companies alone. Speaking at a data science summit on new challenges facing college
graduates, corporate leaders from aerospace, pharmaceutical, and high-tech manufacturing
sectors all expressed similar needs for graduates with preexisting skills in resilience
competencies:

A lead technology industry economist expressed the key role these higher-level
competencies play, in addition to core degree knowledge, in early career success from day one
on the job:

Learning agility...being able to do fast, quick-learning research on the job instead
of a three-to-five-year traditional idea of research...there is a growing skills gap
in the local labor force who need to blend these and collaboration skills into daily

routines and it is important to cross-train people in how to problem solve,
understand and use data. (Simkins, 2019)



Eric Acton (2019), Head of Innovation Ecosystems for the Applied Technology Group at Rolls-
Royce stated similarly, “workers, graduates coming in, need to become second-domain experts
in other skills complimentary to their technical skills to take on expected problem-solving”,
while Sherry Aaholm, Vice President and Chief Information Officer, Cummins Inc. said of
today’s technical workers involved in evolving, sensor-embedded equipment and a global
workforce, “the individual must be resilient...willing to re-learn and upgrade their certifications.
They need to persist when things fail and persist against the nay-sayers. Those skills are what
we’re looking for” (Aaholm, 2019).

Graduates in collegiate aviation and aerospace programs in particular face a growing
resilience competency skill gap. This competency in particular is crucial in order to leverage core
degree knowledge and skills at levels required by the industry. This need is expressed repeatedly
across various studies with emphasis on the gap growing faster than educational institutions, who
supply the future global workforce, can adapt (Bjerregaard, 2020; Bok, 2020; Garett, 2017;
Hedden, 2020; Tepeli-Temiz & Tari-Comert, 2018; Turner et al., 2017). As an example, a
resilience competency gap was directly described as a “chasm between academia and industry”
from lack of understanding by academia of the evolving and precise competencies required of
modern graduates (Gohardani, 2018). Competencies cited included innovation, assimilating
evolving job roles and ability to envision multidisciplinary “skill fusion” for adapting to new
technologies, new business development and new management tactics (Gohardani, 2018).
Gohardani states the U.S. aerospace workforce specifically is in need of prominent leaders with
these specific traits.

A resilience competency gap is reported from within colleges and universities

themselves, challenging learners and existing teaching and learning structures (Bok, 2020; Crow



& Dabars, 2020). Using nearly identical resilience competency language as aviation and
aerospace reports, and emphasizing undergraduate education in particular, academia report
mounting pressure to evolve and innovate the way in which education is delivered — refocusing
the purpose, pedagogical rationale and modeling critical competency practices in modernized
higher education (Bok, 2020; Crow & Dabars, 2020; Garett, 2017; Hedden, 2020). Bok (2020,
pp. 18-19) reported criticism of universities not developing intellectual mastery in students,
having instead migrated into specialized “boutique” subject matter coursework with limited
application and transfer. To survive, higher education must prove its continued value proposition
for the cost, demonstrating ability to prepare the next generation workforce in fields where
company CEOs now place higher priorities on “competencies, knowledge and qualities of mind”
(Bok, 2020). Those leading educational transformation concurred graduates must possess
resilience competencies sufficient to self-learn, adapt, fluently leverage basic degree skill sets to
meet ever-new twists on problems (Billett, 2009; Stirling, et al., 2014) and to think and act as
continuous learners the global workforce needs them to be (Crow & Dabars, 2020).

In their writing on the fifth wave evolution of American universities, Crow & Dabars
(2020) further referred to the need for pedagogical innovation, emphasizing the important role of
university education’s resilient learning format. They called for transformation of traditional
academy practices to become more deliberately outward facing resources for “continuing
education to society, acting as providers of retraining and upskilling for learners” (pg. 23). They
characterize the vision for the university evolving to that of a knowledge enterprise, partnered
with industry and businesses in new learning models, seeding continuous learning as a key
competency, redesigning teaching and learning paradigms to “meet contemporary needs for

accessible education through technologically enabled massive-scale delivery” (Crow & Dabars,



2020, pp. 7, 28). They point to alternative learning platforms like massive open online courses
(MOOCs) where universities supply content with adaptive learning enabling personalized on-
demand learning experiences and adaptive teaching through the use of rapidly expanding and
disruptive Artificial Intelligence technology (Crow & Dabars, 2020).

The issue of more qualified graduates equipped with resilience competencies from
university/collegiate curriculum, and which they transfer effectively into society, is also noted by
those in government leadership and those who influence and set policy. Gingrich, (2021) wrote
of a “coming revolution” and transformation in the American higher education system, asserting
collegiate education is rapidly becoming viewed as less necessary, as companies seeking a more
malleable worker use new active learning apprenticeships. Challenging collegiate/university
education, Gingrich shared that the message given to young people from companies today is
“they’ll train them for the job role, and incorporate online learning to supplement their education
as they go” (Gingrich, 2021).

The value of transferring and expanding learning experiences into broader life skills and
societal application was certainly not lost on early educational theorists and academia.
Pedagogical foundations are still used today using principles such as Knowles’ emphasis on
experiential and collaborative teacher/student learning (Knowles, 1975), Bloom’s progressive
and comprehensive learning taxonomy (Bloom, 1956) and even further back to the likes of
Dewey (1916) who emphasized enduring and undergoing deep struggle during problem-solving
as essential components for achieving effective learning transfer. This is not to say Colleges and
universities have not recognized and incorporated problem-based and capstone learning
approaches. Numerous rubric examples exist emphasizing problem solving, team work, ethical

decision making, and engaging in lifelong learning (Association of American Colleges and



Universities, 2007; 2009; Hedden, 2020; McNeill, 2019). These in fact have evolved into applied
learning experiences like capstone or problem-based projects designed to replicate complex
situations learners will face in the industry (Flummerfelt et al., 2015; O’Brien, 2012). The goal
of these learning platforms remains to ensure likelihood of professional level preparation (Sum,
2015) so that graduates are work-ready and able to contribute effectively (Turner et al. 2017, pp.
387). Unfortunately this approach, while on track, has not kept on pace with the needs of the
industry.

Literature continues to indicate a gap in student resilience competency capabilities adding
to a growing resilience competency skill deficit in the professional workforce (Hedden, 2020).
Traditional academic approaches are not producing graduates with competencies that meet
current industry needs representing not only a problem for students, but a growing challenge for
modern educators as well (Bok, 2020; Gingrich, 2021; Hernandez et al., 2018, pp. 3-4).

Work-integrated learning described by Stirling et al. (2016; 2014) is a variant used in
colleges and universities to help facilitate competency and skill transfer. They describe partnered
learning experiences blending educational and workplace settings, a variation of the classic
internship. However, it was found that even traditional workplace internships with their
familiarity and wide-spread use in secondary education-industry partnerships yielded varying
degrees of effectiveness due to variation in student comfort with ambiguous job roles and other
competencies influencing rapid assimilation. These variations and gaps were described as
“discrepancies” causing non-standard approaches to work-integrated learning and desired
outcomes, which were classified as significant challenges to the learning process (Stirling et al.,

2014 pp. 23, 26). The biggest challenge facing work-integrated learning, capstone and other



problem-based learning was facilitating students’ integration of theory into practice in consistent
fashion (Stirling et al., 2016, pg. 88).

Compounding this problem is the reported decline in perception of value of today’s
college degree. Higher education reports rapidly shifting viewpoints and questions from students,
parents, and even industry, on the value proposition of traditional formal education arising within
public, industry and among students themselves (Crow & Dabars, 2020). They report the need
for radical change from traditional teaching and learning paradigms to meet growing competency
shortfalls in graduates across professional domains (Bok, 2020).

Resilience competency development in teaching and learning models

Companies today - aviation and aerospace in particular- expect graduates to be what they
describe as ‘work-ready’, a concept delineated as being fluent in “inquisitive, resilient, critical
thinking approaches to open-ended, problem-solving situations” in order to function within
aviation companies which are themselves evolving to become flexible learning organizations
(Bjerregaard, 2020). Organizations report on new and urgent needs for employees who are open
to routine reskilling or upgrading and learning new skills, taking advantage of open access to
what is described as a continuous learning evolution “24X7 through entirely new processes and
technologies” (Bjerregaard, 2020, p. 15).

A gap in resilience competency preparation in aviation and aerospace education, enabling
its transfer from university/collegiate aviation programs into the industry workforce, exacerbates
these resilience competency deficits identified by the industry (Ropp, et al., 2020). On the
positive side, specific workforce resilience competency areas important to industry have been
identified (Ropp & Belt, 2020), and resilience competencies in this context are believed capable

of being taught, learned, and developed (Colfax et al., 2010). A study is needed to identify key



resilience perspectives and practices from the viewpoint of the student within collegiate aviation
or aerospace curriculum. This data can be used to inform redesign of existing teaching and
learning models to incorporate more deliberate and effective resilience competency practice

better aligned with industry requirements identified.

Problem

A deficit in student resilience competency preparation within university/collegiate
aviation adds to a growing resilience competency workforce deficit identified in the literature. In
the context of aviation and aerospace, this growing gap is especially urgent given that the
college/university setting is where a majority of this specialized technical-professional workforce
is shaped. As a result, graduates are at risk of emerging with weak or lack of resilience
competency traits below what industry requires.

Purpose

Addressing a resilience competency development gap in aviation and aerospace
education, where the aviation workforce is shaped and prepared, is the focus of this dissertation
study. The purpose of this study is to assess how college students experience resilience and their
motivations for engaging and practicing resilience competency behaviors

A survey assessing student experiences and views of resilience as part of a problem-
solving competency is necessary to obtain key perspective on resilience from the learner’s
perspective. Proposed is a study of undergraduate aviation students in a university aviation
program. The purpose is to assess learner experiences and perceptions of resilience within the
context of applied learning, problem-solving coursework in an aviation curriculum, and their

motivation to practice resilience competencies salient to identified aviation and aerospace



industry requirements. This is a necessary first step to inform future development of a new
resilience teaching and learning model for aviation learners needed to close the identified gap.
Significance of the Study

Current teaching and applied learning practices for practicing and transferring essential
resilience competencies in collegiate aviation programs are insufficient to meet the needs of the
21% century aviation and aerospace workforce. A teaching and learning model of behavioral
resilience traits that collegiate learners relate to and specific to the aviation and aerospace
industries could help close the resilience competency gaps expressed.

Understanding students’ perspective on resilience, what motivates their willingness to
engage in difficult learning challenges with resilience behavioral responses as tools; what
behaviors, disciplines, instructor attitudes and approaches to learning show value in practicing
continuous learning and adaptation, is needed.

Research Questions

Primary Question: How do learners in aviation and aerospace education experience and value the
practice of resilience as envisioned by industry?

Secondary Question: Could learners’ perspectives on resilience and resilience practices be
compared and more definitively linked with those deemed critical by the industry in order to
close an identified professional resilience competency gap in aviation and aerospace graduates?
Goal: Bridge student resilience perspectives with industry workforce requirements to provide
more definitive resilience behaviors to practice. This will enable more precise and effective
teaching and learning strategies for educators, while equipping learners with key resilience skills

required by the aviation and aerospace industries.
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Method

Joyner, Rouse & Glatthorn (2013, p. 149) list a six-element roadmap for developing
dissertation methodology which was used to guide methodology framework for this study:

1. Type of research

2. Context and access

3. Participants and how selected

4. Instrumentation

5. Data Collection

6. Data Analysis.

These items, and development of the proposed survey instrument are discussed in
additional detail in Chapter 3. Type of research will be an assessment of participants attitudes
and opinions on resilience as it relates to learning and skill transfer within the aviation education
process. Participants will represent a sample of convenience for the researcher who has access to
existing aviation and aerospace undergraduate students within an aviation program approved by
the Federal Aviation Administration. A survey instrument will be used. After Institutional
Review Board approval, volunteer participants will be selected using informed consent. Surveys
are one research tool enabling quantitative data assessment of trends and attitudes within a given
population by studying a sample of it. Likert surveys are ordinal scales used to measure those
views and attitudes and reflect levels of agreement or disagreement with a particular statement
(Jamieson, 2004; McLeod, 2019). A five-point Likert scale survey instrument will be used to
sample collegiate aviation student participants, assessing their attitudes and opinions on
resilience. This data will be assessed for alignment with five key industry resilience categories

identified in a literature review conducted for this dissertation (Ropp & Belt, 2020):

11



1. Adversity Persistence/Perseverance
2. Contextual Awareness (picture making; visualizing and assessing problems and
synthesizing decision strategies)

3. Self-Directed/Autonomy

4. Change Management/Innovation during failure or difficulty

5. Social/Peer Relational Connectivity (peer relationships).
Survey data will be used to confirm these crucial performance-based resilience categories as a
framework and ultimately help educators identify more precise resilience competency integration

strategies into active learning experiences.

A draft survey evaluating opinions on resilience practices in collegiate aviation
undergraduates has been developed. A sample of convenience consisting of senior level aviation
students in courses within an FAA approved aviation certificate program is proposed. The

research method proposed includes:

1. Obtain committee proposal approval to proceed.

2. Obtain Institutional Review Board approval.

3. Pilot the survey instrument.

4. Recruit participants.

5. Launch and monitor survey returns and results.

6. Evaluate and synthesize survey data.
Assumptions and Delimitations

An assumption made for this proposed study is that attributes of resilience are and will
remain important to the industry. An assumption is also made that resilience behaviors can be

practiced, developed and then transferred into the workplace similar to other learner skill sets.
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Limitations include: survey participant time availability and willingness to complete a
survey, the possibility of incomplete surveys (unanswered questions) and differences in
participant interpretation of questions (misunderstood meaning). Bias (from the researcher and
response bias) and time constraints for the survey must also be considered. These are addressed
in Chapter 3.

CHAPTER 2: REVIEW OF THE LITERATURE

A goal of literature reviews is to provide a framework relating new findings to previous
research, showing advances or new lines of inquiry and methodological insight and helping
advance theory into application (Randolph, 2009). Confirming key thematic resilience categories
and related behavioral traits identified in the literature was therefore an essential first step toward
developing an aviation and aerospace learner resilience model. Joyner, Rouse & Glatthorn
(2013) recommend a three-phase review process of systematic and continuous refinement, going
from broad scan to focused review, and a comprehensive assessment/critique (pp. 53-54). A
systematic approach following Fink’s similar model (2014) for literature review was therefore
used. The goal was to identify refreshed, common resilience competency category and
behavioral trait descriptors which could be used to refine resilience competency practices within
existing aviation student learning.

Fink’s literature review process model consisted of seven steps:

1. Select research question

2. Select database

3. Choose search terms

4. Apply practical screening criteria

5. Apply methodological screening
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6. Conduct the review

7. Synthesize results
Theoretical orientation

Research of the literature showed resilience as a highly valued personal worker attribute
across professional occupations, and especially articulated in aviation and aerospace. The most
prominent search returns were from aviation, aerospace and related engineering fields, university
aviation and engineering education along with educational theorists, military, psychology and
medical industry. These were evaluated with the goal of refining and clustering commonly used
descriptions.

Truncation and Phrase Searching methods were used to perform a broad search around
the notion of individual resilience and related competency traits. Initial returns yielded 185
sources on resilience which were skimmed for relevance and keyword matches. This included
physical/ physiological responses and psychological/mental attitude and behaviors. Keyword
searches were made using “mental resilience”, “worker resilience”, “learner resilience” and
“psychological resilience” with additional keyword modifiers including “engineering”,
“aviation”, and “aerospace”. Because the focus of this dissertation was on that of resilience
competencies in learners within the educational environment, seminal works by researchers and
theorists in transformational education (Bloom, 1956; Brookfield, 1995; Cranton, 2016; Dewey,
1916; Knowles, 1975) were continuously consulted and compared for concepts and terminology
synonymous with resilience. Five databases were used:

1. Academic Search Complete

2. ScienceDirect

3. Engineering Village
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4. Science Citation Index

5. Psyclnfo Database
Source returns were then evaluated for keyword descriptors. The results were assessed for:

1. General thematic area clusters. For example: Adversity Persistence or Contextual Awareness.
2. Sub-topics within each thematic area where the literature gave additional behavioral examples.
For example: The theme of Adversity Persistence was delineated by some literature using
associated observable behaviors like purposefully enduring uncertainty, and leveraging the
struggle into positive action. Or, the theme of Contextual Awareness was further delineated
using actions like ability to verbalize the issue, draw out/visualize the situation, self-assess one’s
role.

A modification of Jackson & Trochim’s (2002) five-step concept mapping process was
used to perform unit clustering of consistent themes, associated sub-topics and behavioral traits.
Five resilience trait categories were identified. They include:

1. Adversity Persistence/Perseverance

2. Contextual Awareness (picture making; visualizing and assessing problems and

synthesizing decision strategies)

3. Self-Directed/Autonomy

4. Change Management/Innovation during failure or difficulty

5. Social/Peer Relational Connectivity (peer relationships).

A table listing the complete categories and related behavioral characteristics identified are shown

in Appendix A — Table 1. Resilience Traits Table (Ropp & Belt, 2020).
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Defining Resilience Competency

At a conceptual level resilience was often found defined using generic terminology
around the notion of demonstrating emotional flexibility and adaptability in the context of a
hardship. By example, a qualitative dictionary description from Oxford defined resilience as:
“the quality of being able to recover, or resist being affected by, a misfortune, shock or illness,
implying robust adaptability” (Oxford English Dictionary, 2020). This captures the contextual
nature of resilience, but leaves additional questions as to the precise behavioral characteristics
associated with recovering or resisting. Teaching rubrics reviewed assessing key undergraduate
learning competencies consistently emphasized traits like learner inquiry and analysis, critical
and creative thinking, teamwork, and problem solving (Southeastern Louisiana University, 2018;
Texas A&M university, 2017; University of Texas, 2012). These competencies further delineate
a mosaic of contextually-driven behaviors. Contextual appropriateness therefore would seem an
important factor from definitions found.

An analogy of the contextual nature of resilience and why it is equally essential to
understand for this dissertation, is the concept of safety in an aviation front line operation such as
preparing and performing a large aircraft pushback from an airport passenger gate. Safety of
personnel, passengers, and aircraft in addition to executing the task itself is an obvious concern.
However, one does not go out and “do” safety as a discrete action. The Federal Aviation
Administration (FAA) emphasizes the dynamic nature of aviation in its philosophy of a risk-
based approach to high-risk operations, “no single oversight system can assure the effectiveness
of risk controls for all the diverse operational environments” (Federal Aviation Administration,
2017, p. 2). Therefore, similar to the notion of resilience behaviors, safely moving an aircraft

from an airport gate presumes requisite technical training coupled with the individual’s
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acceptance of potential for threats to the plan. Further, the assumption is that an individual has
capacity to detect and effectively engage a variety of event-driven mitigation responses to threats
that arise, in order to ensure the ultimate task, aircraft pushback, is completed. As emphasized by
the FAA’s risk-based approach rationale, the assumption is the technician has the capacity to
follow, or return to, the existing protocol while simultaneously identifying emerging, hazardous
situations and take additional corrective steps, all within an environment that is by its nature
hazardous, dynamic and unpredictable (FAA, 2017). The important role and dynamic nature of
individual resilience competency influence on adaptive technical skills was reemphasized in
more recent broad-spanning literature review (Ropp & Belt, 2020) and a focused study on
technology integration in active learning specifically in aeronautical engineering technology
learners (Borgen, Ropp & Weldon, 2021).

Likewise, the term competency was found closely associated with resilience, using
similar terminology: “capacity to self-sufficiently meet unforeseen challenges or sustain” in a
variety of contexts in order to perform a task to a defined standard (Oxford English Dictionary,
2020). McNeill’s abbreviated description pertaining directly to student and workforce attributes
encapsulates competency as “how one performs a task™ while coping with a mix of routine and
unexpected perturbing external influences (McNeill, 2019). Academia similarly defines
competency as “using a blend of interpersonal emotional capacities and vocational skills, with
emphasis on sow one works to solve problems within the context of established social or team
culture (University of Texas, 2012).

As a reference point for this study resilience competency is defined as: a person’s

capacity to apply appropriate response behaviors enabling adaptation, problem-solving and
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recovery when experiencing challenge, change or uncertainty, in the context of an established
social learning or team culture.
Shared Perspectives on Resilience: Cross-domain Similarities

Literature often referred to resilience in terms of mustering one’s emotional resources and
using contextual cues to adapt to change (Anderson, 2020), persisting toward a goal during
uncertainty (Friborg et al., 2003; Gomes et al., 2009; Hjemdal et al., 2011), “bouncing back”
(Smith et al., 2008) and recovering to a desired state after a setback (Friborg et al., 2003). More
elaborate descriptions like “cognitive upskilling” (gaining new knowledge) and maintaining
emotional and functional control (Adkere, 2020; Anderson, 2020) were found in more recent
literature. They contained nearly identical behavioral actions. Common recurring findings across
the literature related to work teams were these cognitive and emotional abilities were the most
limiting factors for new workforce entrant success, described as skill deficits which stifle growth
of'a modernized global workforce (International Labour Organization, p. 46).

Literature was found to denote resilience in mostly positive, non-technical, interpersonal
perspectives, and resilience traits amplifying effectiveness of one’s trained job-specific roles,
knowledge and skills. Munir & Azam (2019) in their longitudinal study on worker emotional
intelligence reported “significant increase” in employee performance where training
interventions on resilience competency categories occurred, especially with attributes of
emotional intelligence as self-awareness, self-management, social awareness, and relationship
management.

Additional resilience descriptions exemplified mental agility and maturity, emphasizing
the interpersonal nature of resilience (Friborg et al., 2005; Hernandez et al., 2018; Hoge, 2007).

Colfax et al., (2010, p. 90) writing on worker improvement by developing Emotional Intelligence
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competencies, used equally similar resilience trait descriptor language: “understanding oneself
and others, relating to people, and adapting to and coping with immediate surroundings”.
Research on high reliability organizations framed resilience as “cognitive readiness” (Hamlet et
al., 2020), a mindset enabling one to proactively manage nuances or complete disruption to plans
in dynamic environments.

It was also evident that resilience competencies are considered fluid, not static, and can
be practiced and developed (Colfax, et al., 2010), using a variety of interpersonal and social
resources (Ryan et al., 2018; Smith et al. 2008).

Examples from Specific Domains

There is a continuous theme of similar resilience terminology used in each of the following
domain categories. This was taken as an indication of the shared, cross-cutting nature and greater
societal value of addressing resilience competencies, not just within a learner’s particular degree
field.
Resilience in Aviation and Aerospace

An individual’s ability to adapt and persist toward outcome targets routinely associated
with risk, dynamic and adverse work environments demonstrated learning, innovation and self-
direction competencies which remain hallmarks of resilience skills for aviation and aerospace
work teams (International Civil Aviation Organization, 2016 p. 23; Jones, 2013; Lasky, 2017;
Lercel, et al., 2015; Saxena, 2016; U.S. Dept. of Labor, 2018).

However, contextual awareness and problem assessment competencies specific to shared
leadership and team decision making were found in safety and aviation human factors research
going back decades (Endsley,1995; 1988; Patankar & Sabin, 2010; Reason, 1997). It was

similarly described in military studies on individual “hardiness” (Bartone, 1999). Customizable
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skills, emotional maturity, and analytical capabilities were referred to as “key business
differentiators” for the future of aerospace (Jones, 2013; Saxena, 2016), as well as being
innovative, versed in participative teaming (Alliger, 2015), and “able to adapt to changing
technology and data sets in order to do things differently” (Collins, 2019).

More recent literature used recurring descriptors of resilience, using terminology like
mentally agility, persistence, self-direction, continuous learning (Hedden, 2020; Ropp & Belt,
2020; U.S. Dept. of Labor, 2018) all within the context of open-ended, problem-solving
scenarios (Garret, 2017; Gohardani, 2018; Hedden, 2020; Ropp & Belt, 2020; U.S. Dept. of
Labor Aerospace Industry Competency Model, 2018).

Resilience in Educational Theory

Educational theorists have long emphasized resilience-like mentality and behaviors as
essential components of the learning cycle, especially in adult learners (andragogy) (Knowles,
1975) where both teacher and learner are active participants. While these theorists did not
explicitly use the term “resilience”, identical attitudinal and behavioral descriptors were
articulated repeatedly throughout their published pedagogical and andragogical principles.
Examples include hierarchical cognitive skills progression, including innovative creativity
(Bloom, 1956), experiential, problem-based learning through struggle (Knowles, 1975; Kolb,
1975), undergoing and enduring challenges (Dewey, 1916) and emphasis on active self-
reflection and transformative assessment especially through disruptive or disorienting learning
situations (Brookfield, 1995; Mezirow, 2003;1991).

Renewed emphasis on the importance of interpersonal competencies like resilience was
noted within well-established educational programs. Sum (2015) emphasized problem-based

capstone experiences as “serving valuable roles for faculty and students, promoting student
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transition in to the professional world” (p. 23). Writing on lean engineering education, principles
of which are integrated into aviation and aerospace education, Flumerfelt et al., (2015) list
problems for which learners must prepare to encounter as “multi-disciplinary”, requiring
competencies like systems-thinking, innovation, and adaptation. Others emphasized the need for
“the engineering education academy to evolve to include competency mastery” targeted toward
skills like persistence, ethical decision making, and problem-solving (O’Brien et al., 2012).
Problem solving, learning from error, and engaging with team members with mature levels of
emotional intelligence were all noted to require persistence (Flumerfelt et al., 2015; Hernandez et
al., 2018). Hernandez et al., (2018) additionally ranked resilience among top mental attitude and
contextual responses necessary for student retention in collegiate programs. At the same time,
designing such programs presents educators with significant open-ended problems and
challenges designing such programs. In his work on capstone education and problem-based
learning pedagogy, Thanmbyah (2011) reported capstone-type projects tend to be open-ended in
format, more pragmatic in approach, and often may contain learning outcomes not well defined,
citing this as a concern among engineering and technical education (like aviation) where learner
focus is often toward more clear-cut capabilities.

In the educational context, higher level interpersonal competencies were deemed critical
for graduates to succeed, evidenced by the use of competency rubrics with competency areas
listed closely associated with resilience, such as being lifelong learners or performance behaviors
associated with self-direction and leadership (Association of American Colleges and
Universities, 2009; Florida A&M University, 2018; Juiliani, 2013; Southeastern Louisiana
University 2018; Texas A&M University, 2018). However, of those performance rubrics

evaluated, most remained at conceptual levels and were not well standardized. This is
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problematic in that it could leave curriculum developers and teachers with too broad
interpretation as to what competencies are important to encourage and facilitate student practice
of more precise resilience competencies that are important to the aviation and aerospace

industries.

Resilience in Medical Science and Healthcare

As a researcher in health care team resilience, Hollnagel (2012) asserted resilience as a
critical trait for both individual and institutional well-being. He specifically identified resilience
as a key component for measuring and achieving positive organizational cultural traits like safety
learning, agility, innovation and other positive qualities influencing success outcomes when
reacting to unforeseen emergencies and preventing burnout (Hollnagel, 2012, p.5; Hollnagel, et
al., 2015) substantiating similar findings (Chassin & Loeb, 2013; Marx, 2001; Simcox, 2019;
Windel et al., 2011). Successful workers must work in teams as “interdisciplinary, internal
squads that fix problems instead of sending problems out to a consulting firm” (Durvasula,
2019).

Resilience in Behavioral Psychology

Ijnterna’s differentiation between physiological resilience and psychological resilience
traits was used to filter the search to relevant psychological attitudes and behavioral responses
(Ijnterna, 2019), as these were more relevant to the focus of the study as it applies to teaching
and learning in aviation and aerospace technical education. A focus on negative contextual
descriptors was noted in earlier works like enduring hardship, persevering through a health
challenge or overcoming disability (Arlin, 1975). In the 1990s focus tended to shift from

protective factors to more positive outcomes-oriented and positive reactions through which
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individuals overcome adversity (Bartone, 1999; Fletcher & Sarkar, 2013; Luthar, 2006; Luthar et
al., 2000).

In childhood psychology literature, resilience was cited as an individual’s ability to
“bounce back” from conflict or unforeseen circumstances while drawing from a variety of
resources (Ryan et al., 2018; Smith et al. 2008). Resilience capacity describing one thriving and
actually advancing during conflict through self-awareness, positive visualization and affirming
contact with others was also prominently cited (Fletcher & Sarkar, 2013; Kegelaers &
Wylleman,2018; Luthar, 2006; Luthar et al., 2000; Smith et al., 2008).

Work by Duckworth established the notion of individual “grit”: a persevering attitude and
persistent goal-oriented focus amidst challenge or failure (Duckworth, 2007). Duckworth’s
definition has strong resemblance (synonymous to?) that of adversity persistence for resilience.
Duckworth established the term “grit” as an array of attitudinal attributes including relentless
“perseverance and passion for long-term goals” (Duckworth et al., 2011; Duckworth & Quinn,
2009). She also noted some traits are more crucial than others at different times for particular
vocations (Duckworth et al., 2007, p. 1087).

Duckworth’s initial two-factor 12-item Grit assessment model (Grit-O) (Duckworth et al.,
2007) and refined 8-item Short Grit Scale (Grit-S) both incorporate psychometric user self-
assessment on levels of persistence, where participants rank themselves in terms of grittiness in
order to measure success predictors (Duckworth & Quinn, 2009). Duckworth similarly noted that
grit is a compound concept comprised of multiple key individual traits (Duckworth & Quinn,
2009, p. 172).

More recent research evolved the grit framework to include optimal mindset and well-

being as requisite success factors in educational, professional and even personal settings. Calo et
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al., (2019) looked at traits in senior healthcare (physiotherapy) university students, evaluating
relationships between grit, resilience and mindset and their links to academic success. Citing
university student experiences of high psychological distress, findings indicated educators’ need
to improve student sense of well-being as a necessary component for effective learning to take
place (pp. 317-318). They asserted this is especially important in learning environments that are
dynamic, unpredictable and involve real world scenarios that can have high consequence
outcomes like healthcare. This is very similar to the aviation learning and operational
environment described in aviation regulatory and advisory literature on safety risk management
(Federal Aviation Administration, 2017).

Grit is broadly defined using similar terms of persistence, perseverance and a long view
of undergoing challenge or failure toward a desired goal. However, some literature questioned
the efficacy of promoting just these ideals, mentioning weaknesses on the Grit assessment scales’
rigor due to relatively low number of empirical studies to date (Fernandez-Martin, et al., 2020)
although they do refer to Grit assessment scales as “promising”.

Counter-Arguments on Resilience

Some research contends that while being persistent and resilient to overcome obstacles is
noteworthy and noble, blind determination and passion at all cost in the name of resilience can
result in the opposite desired effect. Dugan et al. (2019, p. 48) describe the pitfall of becoming so
persistent and goal focused as to not recognize when alternatives should be selected; team
dynamics get ignored and the overall culture is negatively impacted because of one’s inability to
recognize when alternative solutions should be considered. Bastian (2019) similarly argues
practitioners of resilience emphasize successful resilience as one’s capacity to maintain positive

thoughts and emotions with strategies for ‘Zen-like’ peaceful and mindful responses in order to
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minimize, shed or avoid stress altogether. But this overlooks key aspects of resilience including
experiencing failure or the discomfort of that threat potential. Bastian asserts it is through this
discomfort where the sought attributes of resilience are actually developed through discomfort
and challenges. He warns that too much emphasis on resilience as a mindset of just peaceful
thoughts can result in the opposite effect, where one does not learn to apply positive actions.
Labeling a person as being either “resilient” or “non-resilient” can lead to bias and
misleading or inaccurate conclusions (Hoge et al., 2007), especially if one is undergoing
challenges, faults or failures and yet maintaining acceptable levels of performance (White,
2015). Hoge et al. (2007) cite an example that being symptomatic of Post-Traumatic Stress
Disorder (PTSD) does not mean one is non-resilient. Treglown et al. (2016) observed that
excessive (un-tempered), overly persistent mindset - where persistence was cited as a positive
behavioral trait of resilience - could actually result in paradoxical aggressive coping behaviors
that harm team and organizational effectiveness and inhibiting the very resilient responses
desired. Kaiser & Kaplan (2013) emphasized this same point in that even positive attributes and
strengths, such as rigid persistence without realizing when to alter the plan, can become weak
points when overplayed (Kaiser & Kaplan, 2013). This was further exemplified in aviation
literature, where safety-oriented practices are heavily based on adhering to procedures, and
failure to persist in following them due to conflicting organizational social customs and norms
(Drury, 2017) were reported as one of the violations issued the most by the Federal Aviation
Administration (Gould, 2017). Research from medicine on pre-hospital patient emergency
assessment and treatment likewise shows the life-saving necessity of systematic and repetitive
core procedures especially in dynamic situations. Thim et al., (2012) report on the procedural

practice of continually returning to reassess scripted basics: Airway, Breathing, Circulation,
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Disability and Exposure (ABCDE approach) in acute and dynamic patient care settings
especially when one is uncertain of changing patient status or deciding next steps. They list the
aims of the ABCDE approach as:

1. Provide life-saving treatment

2. Break down complex clinical situations into more manageable parts

3. Serve as an assessment and treatment algorithm

4. Establish common situational awareness among all treatment providers

5. Buy time to establish a final diagnosis and treatment (Thim et al., 2012, p. 117).

However, a resilience paradox tendency was noted in a study on over-reliance on
procedures, labeled ‘proceduralization’, in complex, event-driven, high-consequence scenarios
among maritime workers. Bergstrom et al. (2009) looked at procedural adherence across three
groups of maritime workers with low, intermediate and high experience levels. They highlight a
paradox often found in high-consequence, rule-based situations where only adhering to rigidly
defined response formulas may not provide a suitable outcome. They found ability to deal with
dynamic, unexpected situations required a mix of procedural fluidity and procedural adherence.
They used aviation as an example of a dynamic environment where following procedures are by
nature essential. However, they cited an accident case study of Swissair flight 111
(Transportation Safety Board of Canada, 2003) where strictly following published procedures for
an onboard fire added layers of complexity and delay in actions, which was found to be a
contributing cause of the resulting fatal crash. It was determined that alternative actions

(extinguishing the fire and early preparation for landing) were needed instead of rigidly
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following the published fire procedure (p. 255). Bergstrom et al. (2009) further note from their
study:

In the aviation industry in particular, proceduralization has been regarded as the most

important system component to achieve operational safety. Over time, proceduralization

has become more than an answer of how to increase safety in modern socio-technical

systems, it may have become the answer. (p.42)

The opposing and cautionary perspectives from the literature on presumptive use of
resilience and possible unforeseen problems are well noted. On one hand rigidly following pre-
defined procedural templates and rules can be essential and provide life-saving steps to regain
control and situational awareness. On the other hand, emphasis on overly-prescriptive behavioral
reactions to threats and challenges can severely limit innovation or even be the wrong thing to do
entirely. In some cases, there are no rules and the human being must have the ability to assess
and innovate accordingly in order to survive, as with an in-flight emergency where all hydraulic
control of essential flight controls is lost, no published emergency procedure can help, and a
crew must rapidly assess and “make up” recovery plans on the spot as occurred in 1989
(National Transportation Safety Board, 1990).

Cautions on over-reliance on prescriptive behaviors and narrow categories of resilience
are well noted. These cautions will help steer the philosophical use and development of

resilience success metrics for an adaptive resilience training model.

Resilience Measurement Models Evaluated

As discussed in the following section, numerous validated resilience measurement tools
exist. It should be emphasized, the purpose of this study is not to create another resilience
measurement tool, but to identify student perspectives on resilience competencies in order to
provide clarity and alignment for educators to better integrate and mentor specific resilience

competencies in active learning experiences and inform future resilience teaching and learning
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models. As such, it would be up to the educator to select the appropriate resilience measurement
tool. However, review of the most prevalent resilience measurement tools was considered
essential to gain additional context and vision on established foundational resilience criteria most
measured areas across the literature.

Several resilience measurement models were evaluated most of which involved the use of
psychometric scales. Connor & Davidson (2003) reported that while several measures of
resiliency had been used and reported on, they were not universally distributed or adopted. As a
result, choices on preferred scales were rather broad and relied on the researcher’s due diligence
for a given study context to determine an appropriate resilience measure. Similar to Duckworth’s
notion of grit (2009, 2007) most resiliency scale assessments present respondents with attitudinal
statements constructed according to characteristics commonly associated with resilience (Hoge,
et. al., 2007). Hoge points out the factorial structure of these scales yields insight into the
composite elements that make up the concept of resilience.

Windle et al., (2011, pp. 4-7) reported on an extensive review of over 200 scholarly
papers using resiliency measurements. They identified fifteen scales initially which were
evaluated for highest stability and ability to detect clinical changes in subject studies. From this
review they provided a summary of the five most prominent resiliency scales (Windle et al., p.
16): CD-RISC, RSA, BRS, ER-89 and the Dispositional Resilience Scale. They reported these to
be the highest scoring of test-retest data and overall stability.

An overview of those five most prominently recurring resiliency measures identified is
provided here. The psychometric categories were assessed and used to further refine the themed

resilience trait categories and behavioral listings for this proposal.
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Connor-Davidson Resilience Scale (CD-RISC) (Connor-Davidson, 2003).

This is a self-reporting measurement commonly reported used in patients with Post
Traumatic Stress Disorder. It measures resilience component categories of:

e Personal competence

e Acceptance of change and Secure Relationships

e Trust/Tolerance/Strengthening Effects of Stress

¢ Control

e Spiritual influences

Resilience Scale for Adults (RSA) (Friborg, et al., 2003)

The Resilience Scale for Adults (RSA) assesses resilience levels based on a six-factor scale:
e Perception of self
e Perception of future
e Structured style
e Social Competence
e Family cohesion
e Social resources
Windle et al., (2011) also report its high-ranking usefulness assessing resistance or protection

from stress causing factors.

Brief Resilience Scale (BRS) (Smith et al., 2008).

The BRS presents a measure of ability to ‘bounce back’ from adversity rather than resist
it some other models do. The measures are from a self-reporting survey and include the
following questions rated on a five-point scale (1: Strongly disagree through 6: Strongly agree):

e [ tend to bounce back quickly after hard times
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e [ have a hard time making it through stressful events

e It does not take me long to recover from a stressful event

e It is hard for me to snap back when something bad happens
e [ usually come through difficult times with little trouble

e [ tend to take a long time to get over set-backs in my life

Ego Resiliency (ER-89) (Block & Kremen, 1996)

The ego resiliency characteristic is described by Block & Kremen (1996) as a
competency of being comfortable with a “fuzzy” interpersonal world and overall adaptive
behavior to manage emotional responses to ambiguous or initial experiences that could stimulate
angry or more emotional responses (p. 352). Their initial list is a 14 item 4-point measurement
scale:

¢ [ am generous with my friends

e [ quickly get over and recover from being startled

e [ enjoy dealing with new and unusual situations

e [ usually succeed in making a favorable impression on people

e [ enjoy trying new foods I have never tasted before

¢ [ am regarded as a very energetic person

o [ like to take different paths to familiar places

¢ [ am more curious than most people

e Most of the people I meet are likeable

e [ usually think carefully about something before acting

e [ like to do new and different things

e My daily life is full of things that keep me interested

30



¢ [ would be willing to describe myself as a pretty “strong” personality

e [ get over my anger at someone reasonably quickly

Dispositional Resiliency Scale (DRS) (Bartone, 2007)

Alexander & Klein (2001) describe an early version of Bartone’s DRS in their study on
hardiness of emergency personnel. This scale was originally designed to measure psychological
hardiness of military combat soldiers. Bartone describes hardiness as “a personality style
associated with resilience, good health, and performance under stressful conditions” (Bartone,
2007, p. 943) and a characteristic of people who are open to change and challenges in life
(Bartone,1999). It evolved from a 30-item version to a shortened 15-item assessment of the
constructs of hardiness including measures in three categories of primary key characteristics:

e Commitment

e Control

¢ Challenge

Bartone’s work in particular cites evidence that hardiness can be improved through
workplace and associated leadership influences, as well as programs to train hardiness
components (Bartone & Homish, 2020, p. 516), corroborating the emphasis of this proposal for
pursuing a resilience teaching and learning model.

Within psychology literature, traits equating to the resilient individual were believed
forged from early childhood and life experiences (Karairmak & Figley, 2017; Luthar, 2006;
2000). At the same time, the contextual, temporal nature of individual resilience was described
as capable of being continually practiced and refined from “dynamic person—environment
interactions” (Fletcher & Sarkar, 2013). Kelly et al., (2011) cite empirical evidence that

“individuals, rather than an organization-wide commitment to innovation, are responsible for the
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majority of radical innovations [getting to commercialization]” while Howell et al., (2005)
similarly cite the importance of resilience characteristics for modern industries like electronics,
automotive and aerospace for market sustainability. Additionally, research from high
consequence work environments like emergency medical teams emphasized the continuous
practice of proactive and reactive resilience behavioral responses (proactive and reactive) as keys
to strengthening a necessary state of resilience-readiness (Hollnagel, et al. 2006; Kegelaers &
Wylleman, 2018). Hollnagel’s work in particular on resilience in engineering design discusses
organizational resilience, using what he describes as four human-organizational ‘potentials’:
respond, monitor, learn and anticipate (Hollnagel, 2006; 2015). These categories were refined
and used to assess resilience-readiness in hospital emergency departments where daily operations
are notably unpredictable as a matter of routine (Chuang et al., 2020). Resilience was found to be
“something multifaceted rather than something that can be described by a single quality or
dimension” (Hollnagel, 2011).

Workforce research from aviation further emphasized the need for worker learning agility
and mixing transferrable skill sets with higher order thinking and reasoning capabilities to meet
expectations of the field (Lercel, et al., 2015, pp. 4,9; International Civil Aviation Organization,
2016, p. 23). Lercel et al. (2015, p. 56) emphasize self-responsibility and proactive problem-
solving expectations now modeled by the FAA as well, in its relationship with industry in safety
and quality management of daily processes. In the same study for the FAA, Lercel, et al. (2015)
cite customer service, learning orientation, interpersonal communication, team focus and
principles of safety, quality and business management acumen as top competency skill areas

called for by the aviation maintenance industry in particular (p. 43).
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Key Resilience Traits Identified in the Literature
Five prominent resilience trait categories with subsequent behavioral descriptions were
identified in a broad literature review (Ropp & Belt, 2020) shown fully in Appendix A — Table 1.
Resilience Traits Table. The five main categories identified and brief supporting examples are
described below. The five categories identified were:
1.Adversity persistence (adaptability and perseverance)
2.Contextual awareness (picture making; visualizing and assessing problems and
synthesizing decision strategies)
3.Self-directed action/learning autonomy
4.Change Management and Innovation during initial failure or difficulty
5.Social connectivity (peer relationships)
Adversity Persistence
Resilience incorporates multiple combinations of response tactics depending on dynamic
contexts both proactive and reactive (Kegelaers & Wylleman, 2018). Alliger et al., (2015)
describe the nature of team resiliency in workplace adversity situations as:
the capacity of a team to withstand and overcome stressors in a manner that
enables sustained performance where the overall contributions and experience of
the group enduring a situation together generates more resiliency than an
individual alone might have... managing variation and rising stressors through
huddles, regrouping discussion and “mending”. (p. 177)
At a personal level the ability to cultivate perspective and personal calm and the concept
of “sense-making” while undergoing adverse situations was emphasized (Bruneau, 2016). Other
long held anagogical principles viewed adversity positively when leveraged correctly as a deep

learning transfer opportunity (Dewey, 1916/2008; Knowles, 1975). Cognitive learning

development models emphasized ‘transcendability’ as a positive byproduct of persistence in
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achieving transformative learning outcomes (Steinberg, 2015). Adversity persistence has long
been recognized as essential for spurring positive attitudes and action (Steinberg, 2007) and
igniting deep personal growth and self-actualization (Arlin, 1975; Inhelder & Piaget, 1958;
Kubler-Ross, 1969).

Contextual Awareness (Picture Making)

The ability to form a mental model of a current situation and contextualize its
contribution to possible new situations was a heavily emphasized behavior observed across the
resilience literature. Writing about cognitive processes and situational awareness related to
aviation human factors, Endsley’s definition of situational awareness in aviation operating
environments provided a foundation to context-driven awareness, “The perception of the
information in the environment within a volume of time and space, the comprehension of their
meaning and the projection of their status in the near future” (Endsley, 1995, 1988). This
definition is used in aviation human factors literature (Durso, 2010; Endsley, 1999) and cognitive
engineering literature on human mental workload for automated air vehicle flight deck
environments (Parasuraman et al., 2008). Safe operation in commercial aviation depends on
front-line operators’ continuous awareness of their operational environment which is inherently
risky (Rochlin, 1993). The importance of picture making or mental models for situational
awareness was emphasized in FAA Industry Training Standards (FITS) scenario-based and
problem-based training and in routine Practical Test Standards (PTS) for pilots (Glista, 2003;
Robertson et al., 2005).

Amann (2003) reported self-awareness, sensory and affective learning experiences as

essential for deep learning and generating new knowledge. Contextual awareness was also found
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in seminal theorists in pedagogical and andragogic methods of learning, as in Bloom’s original
and revised learning taxonomies (Anderson & Krathwohl, 2001; Bloom, 1956).
In his work on human factors, Sheridan (2010) discusses resilience engineering and emphasizes
visualizing a variety of possible scenarios in aviation human factors as “an essential modern
proactive approach preparing for future and unforeseen incidents and recovery scenarios in
which no explicit table or algorithm exists”. Medical surgical training using Virtual Reality
applications and smart devices to enhance awareness further substantiated the value of the ability
of the individual to rapidly envision “what if?”” scenarios (Nehme, Bahsoun & Chow, 2015).

Accompanying these advances is the nuance of the Big Data environment, where blended
automation changes human contextual decision making and coordination demands (Parasuraman
et al., 2000). This has impact on approaches to Rasmussen’s foundational Skill-Rule-Knowledge
mode commonly incorporated into teaching and learning methodologies to describe human
performance during routine and unfamiliar task conditions and where the individual’s analysis of
the environment and key goal formulations are believed to occur (Rasmussen, 1983).
Self-directed/Autonomous

A recurring positive behavioral theme that quickly followed resilience terminology was
the notion of one who continually took it upon themselves to be inquisitive and deliberately open
to learning new things. Bloom (1956) emphasized the challenging experiential learning process
itself as an important learning outcome that works to empower the learner to become self-
directed and autonomous in applying problem-solving competencies. The positive impact of a
mentor’s guidance on a learner’s self-directed learning autonomy was directly emphasized as a

component of learner resiliency (Bowers, 1984). Technical learners and workforce members
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must develop the mindset of lifelong learners who continuously engage problems-and-learning
as a continuous act (Cranton, 2016; Taylor, 1998).

The aerospace industry additionally articulated the value of empowered employees who
were self-directed particularly in risk-sensitive operations for risk mitigation, contribution to the
learning organization (Lasky, 2017; Saxena, 2016; U.S. Dept. of Labor, 2018) and critical as a
high performing, visionary leadership trait (Texas A&M University, 2017). The International
Civil Aviation Organization (ICAO) emphasized the critical nature of empowered, autonomous
individuals and work teams as success factors in global aviation safety and process
standardization (International Civil Aviation Organization, 2019, 2016) applicable to all of the
aviation industry.

Self-responsibility and proactive problem-solving expectations are likewise modeled by
the Federal Aviation Administration (FAA) in its relationship with industry in safety and quality
management of daily processes. An important feature of FAA’s enforcement philosophy
concerning safety risk management within organizations was found in Order 8002.72: FAA
Integrated Oversight Philosophy (Federal Aviation Administration, 2017). This order outlines
proactive self-disclosure, correction and prevention of future non-compliance over enforcement
actions, and cites FAA’s own shifting culture of trying to “identify underlying causes and ensure
future compliance” (p.2, 1-4, Items c, d). In this approach responsibility is placed on aviation
organizations to create proactive processes and procedures, using frameworks of Safety
Management Systems and Risk-based decision-making.

Problem-based learning in engineering and technical education was also consistently
emphasized in preparing engineering graduates, and development of collaborative teamwork,

self-directed, independent learning and problem solving based upon critical self-reflection were
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considered “crucial competencies” in addition to technical degree knowledge (Flumerfelt et al.,

2015, p. 41).
Change Management

Calo et al., (2019) looked at traits in university undergraduate seniors in health sciences
(physiotherapy) evaluating relationship between grit, resilience and positive mindset and
academic success. Citing university student experiences of high psychological distress, the
authors emphasize the necessity for educators to seek to improve student sense of well-being
(meaning a positive perspective and view of a positive outcome) for effective learning (pp. 317-
318), especially in challenging learning environments that are dynamic, unpredictable and
scenarios that can have high consequence outcomes.

The importance of managing change, adapting attitudes and behaviors in education and
the influence on larger interactions with society was noted by the transformative learning theorist
Mezirow:

Contradictions generated by rapid, dramatic change and diversity of beliefs,
values, and social practices are a hallmark of modern society. Adults in society
face an urgent need to keep from being overwhelmed by change...Rather than
merely adapting to changing circumstances by more diligently applying old ways
of knowing, they discover a need to acquire new perspectives in order to gain a
more complete understanding of changing events and a higher degree of control
over their lives. (Mezirow, 1991)

Change management was likewise commonly used to describe a person’s ability to
manage both small alterations in direction to plans, to completely disruptive and unforeseen
events. In either sense the ability to adapt, find innovative ways to remain in relationships and
regain a path to a goal were associated with Change management and Innovation themes. In

terms of dynamic organizational or community-wide situations, three levels of resilience were

described by Ryan et al., (2018) in a community/cultural study on positive responses to negative
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extremism and how it equated to community violence and terrorism. These levels were described
as 1) National, 2) Community and 3) Individual adaptive change. Ryan reports embracing the
necessity of change as healthy “positive adaptation” to dynamic environments enabled
community members to resist negative stresses or succumb to radicalized thinking in unhealthy
ways. Steinberg (2015) discussed a necessary web of personal characteristic responses to
adversity, using the term “resiliency to failure” as a culmination of adaptive internal emotional
coping characteristics enabling a person to change during various life challenges. He later coined
the term change resiliency as a “new science” in response to change (Steinberg, 2015).
Reporting on building risk resilience directly in the aerospace manufacturing sector,

change was identified as an expectation of being “ready to go to Plan B if Plan A is not
available, and then move on to consider Plans C and D, and perhaps Plan E if circumstances
dictate” (Schmarrow & Kruse, 2002). In terms of Big Data and automation technologies in
aircraft, the need for the humans to adapt more fluidly are significant in the sense of changing
and working through times of sudden disorder and uncertainty (Stanley et al., 2009).
Traditionally structured views of the way the world should work have changed:

the round peg goes into the round hole...that there is only one answer to a

question, these structures are more malleable in modern operations than we may

want to admit. Ultimately the big data messiness concept requires the human

being to change in order to tap into and harness part of its usefulness. (Mayer-

Schonberger & Cukier, 2013, p. 35).

Change responsiveness and willingness to face and learn from errors and listen to

feedback were highlighted by Flumerfelt et al. (2015, pp. 36,41) in research on engineering
students and success rates. They emphasize an understanding of one’s strengths and limitations

and the ability to remain calm under pressure or when things go wrong being highly ranked and

emphasized as competencies desired in final year engineering students.
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Safety culture research on high reliability operations (oil rig, aviation, medical) found the
most important characteristic was the ability to adapt to new situations or hazards (Marx, 2001;
Patankar & Sabin, 2010; Reason, 1997). The ability of individuals to embrace bold, more radical
change as the norm in the aerospace workforce was emphasized as a modern challenge for the
industry where the learning curve remains constant and intense (Boyle, 2017; Garret, 2017;
Gohardani, 2018; Kellner, 2017). This continuous learning dynamic likewise challenges how
technologies are adapted used in training and educational approaches. The use of 3D graphics-
based work instructions and augmented and virtual reality for example have evolved to become
common learning platforms for modern learners who consistently indicate a desire to learn using
new technologies (Hartman & Ropp, 2013; Wang et al., 2016) and who are now more used to
rapid information access and applied learning and feedback within an online gaming-like
environment (Borgen, Ropp & Weldon, 2021).

Social/Peer Relational Connectivity (peer relationships)

Social or peer-group connectivity and support with focus on participative teaming skills
were consistently identified as critical competencies specifically within the aviation environment
(International civil Aviation Organization, 2019, 2016; Jones, 2013; Ropp et al., 2020; Saxena,
2016). This includes all organizational levels including upper management (Bowers, 1984). A
study of community resilience stressed the role of social bonding and a noted both a proactive
reduction in perpetuation of violence as well as “ability to maintain a stable level of functioning
after traumatic events” (Ellis & Abdi, 2017). They additionally reported relational constructs
were attributed to ability of individuals and groups to resist negative influence and temptation to

fall into unhealthy, dangerous, radical or other extremist and untoward thinking.
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In industrial settings, peer group resilience studies found teams actively briefing and
debriefing together had operational performance rates up to 25% higher, tending to defer to
within-group expertise rather than individual rank/status for problem-solving (Alliger et al.,
2019). Knowledge-based participatory innovation for complex problem-solving and more rapid
solution implementation was also found when teams connected verbally and shared experiences
and concerns (Ferrarri et al., 2018; Nathanael et al., 2014). Educational theorists also
acknowledged the impact of peer-to-peer relationships, social dynamics and the trust, community
and support for personal risk-taking as well as the positive influence this had on learning
outcomes (Bowers, 1984; Gallagher, 1997; Mezirow, 1991). The same dynamic was found in
leadership roles and effectiveness of teams in operations (Mathieu, et al., 2008).

Research on attachment and resiliency among university students pointed to the
important role of positive mentoring attachments which directly impacted overall resiliency of
individuals. In their work studying attachment and resiliency among university students, Tepeli-
Temiz. & Tari-Comert (2018) describe attachment as “an emotional bond developed to a special
person” showing the importance of a bonding and social structure for individuals to connect and
obtain support. Friborg’s Resiliency Scale for Adults (RSA) (2005, 2003) and other collaborative
research on resilience validity (Hjemdal et al., 2011) directly measured social competence within
his 6-point measurement scales comprised of 1) perception of self, 2) perception of future, 3)
structured style, 4) social competence, 5) family cohesion, and 6) social resources.
Organizational and team “connectedness” were found essential for identifying, acting on and
containing errors (Chassin & Loeb, 2013) and obtaining vital minority voice inputs for solutions
who might otherwise not be heard (Hollnagel et al., 2006; Dekker & Woods, 2010; Fuchs et al.,

2007; Loder, 1981).
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The role of social networking and emotional attachment (to a mentor, parent or other
guardian role) consistently comes up in the literature as well. In their work studying attachment
and resiliency among university students, Tepeli-Temiz. & Tari-Comert (2018) describe
attachment as “an emotional bond developed to a special person”. Looking at high attachment
relationships to higher resiliency, they incorporated Friborg’s work on resilience scales (Friborg
et al., 2003, 2005) using a Resilience Scale for Adults (RSA) to assess resilience levels based on
a six-factor scale. This scale is comprised of 1) perception of self, 2) perception of future, 3)
structured style, 4) social competence, 5) family cohesion, and 6) social resources. Of interest in
this study was reference to Friborg’s findings that “attachment or social aspects and an ability of
resilient people to utilize social or external supports systems to better cope” (Friborg et al., 2003,
p.66) and citing social competence as a factor in resiliency as well. Friborg further noted that
while resilience “does not protect the individual from negative life events...resilient individuals
seem to cope more functionally and flexible with stress.” (p. 66). Tepeli-Temiz. & Tari-Comert
(2018) go on to cite that attachment theory assumes secure attachment has a direct impact on
psychological resilience later in university learning settings and ultimately in life outlook.
Hjemdal et al., (2011) evaluated the RSA developed to measure resiliency in adults and found
empirical evidence suggesting three overarching resilience characteristics: 1) individual positive
dispositional attributes, 2) family support and coherence, and 3) external support systems outside

the family.

Synthesis and Discussion

Resilience competency development in teaching and learning models
Literature reviewed here found continuous themes of challenge and deficits in resilience

as it relates to the professional workforce. Aviation and aerospace companies were no exception
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and are the focus of this study. Key takeaways from aviation and aerospace in particular indicate

a growing resilience deficit and higher expectations of focused resilience competency

capabilities in graduates entering this particular workforce, if they are to be successful as these

companies evolve into more flexible learning organizations (Bjerregaard, 2020).

Revisiting Smith’s perspective on the important role of problem and competency-based

learning (Smith, 2011) emphasizes its importance and substantiates the direction of this proposal:
The laying of capstones often indicates the ceremonial completion of a building.
Thus, the capstone shows that a significant body of work is reaching completion.
Metaphorically, a capstone is a crowning achievement. A capstone course is most

often intended to be the final course in a major, building on previous coursework
in a cumulative and integrative fashion and covering the breadth of the discipline.

(p-3)

At the same time, very recent literature on collegiate and university level education points
to the struggle to keep up with evolving competency needs of learners to suit industry demands
(Bok, 2020; Crow & Dabars, 2020; Garett, 2017; Hedden, 2020). A gap in effective resilience
competency preparation by teachers translates to decreased or could even threaten complete lack
of application and transfer by student graduates into their professions. This is a self-sustaining
problem which will continue to exacerbate resilience competency workforce deficits identified
within the industry. Addressing this gap in aviation and aerospace education, where the
workforce is shaped and prepared, is needed.

Finally, it is apparent from the literature that individual resilience is dynamic and fluid. A
person’s current context such as career path, educational process, learner age group, health,
career or family dynamics, continuously influence and challenge one’s resilience responses. The
challenge for educators is to facilitate more deliberate resilience competency exercise as part of
the modern active learning experience. This is especially important in engineering and

technology education where professional competency skills in adaptive learning, problem-
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solving and managing continuous change are an expected part of the everyday experience in the

industry (Gohardani, 2018).

CHAPTER 3: METHODOLOGY

The purpose of the proposed study is to assess learner experiences and perceptions of
resilience within the context of applied learning, problem-solving coursework in an aviation
curriculum, and their motivation to practice resilience competencies salient to identified

aviation and aerospace industry requirements identified in the literature.
Research Plan

Surveys are one research tool enabling quantitative data assessment of trends and
attitudes within a given population by studying a sample of it. Likert surveys are ordinal scales
often used to measure views and attitudes and reflect levels of agreement or disagreement with a
particular statement (Jamieson, 2004; McLeod, 2019). McLeod notes that surveys can induce
social desirability bias, where participants want to appear in a good light to what their peers may
believe and thus alter their responses accordingly. However, this can be mitigated by ensuring
confidentiality of participant personal information.

Benefits of survey data include being economical to develop and distribute, especially in
the current online environment, and generally offer the benefit of relatively timely turnaround
and initial data assessment (Creswell & Creswell, 2018).

The goal of this survey is to obtain student perspectives of resilience in order to inform
future development of a new resilience competency teaching and learning construct that is
aligned more specifically to the needs of the aviation and aerospace workforce found in the

literature, and close an identified resilience competency skill gap in aviation graduates.
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Survey Instrument Development

To achieve high accuracy and validity assurance, surveys must be developed using
structured methodology and design (Creswell & Creswell, 2018). Survey design methods
specific to educational research were adapted from Artino et al., (2014) and Harlacher (2016) to
develop a resilience survey instrument.

Artino et al (2014, pp. 463-464) indicate a seven-step survey design process:

1. Conduct a literature review

2. Carry out interviews and/or focus groups

3. Synthesize the literature review and interviews/focus groups

4. Develop items

5. Collect feedback on the items through an expert validation

6. Employ cognitive interviews to ensure that respondents understand the items as

intended

7. Conduct pilot testing

Similarly, Harlacher (2016) describes a five-step design process using research-based principles:

1. Determine the goal or goals of the questionnaire

2. Define the information needed to address each goal

3. Write the questions

4. Review the questionnaire for alignment with goals and adherence to research-based
guidelines for writing questions

5. Organize and format the questionnaire

For surveys looking at psychological or interpersonal construct traits as metrics (which

are less visible), the literature indicates scaled assessment instruments are preferred (Artino,
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2014; DeVellis, 2003; Mclver & Carmines, 1981). Survey scales are groups of similar items on a
questionnaire designed to assess the same underlying construct (DeVellis 2003). In particular,
scales more completely, precisely and consistently assess the underlying construct (Mclver &
Carmines 1981). Thus, scales are commonly used in many fields including educational research.

The goal of the survey instrument is to obtain student perspectives of resilience in order
to inform future development of a new resilience competency teaching and learning construct
that is aligned more specifically to the needs of the aviation and aerospace workforce found in
the literature

Control for Bias

The researcher has professional relationship within the aviation and aerospace fields,
having worked in aviation operations, and also teaching and researching as a faculty member
directly in an FAA certificated university curriculum in aeronautical engineering technology as
well. The researcher teaches and interacts with learners in undergraduate and graduate
coursework, and engages in teaching problem-based learning that often includes resilience
competency areas described here. Therefore, a level of professional bias must be accounted for.
Acknowledging this professional bias clearly in this report is one step in itself to account for it
and the impact on the survey questions developed and its administration.

The survey distribution and returns must be accomplished in a manner such that
individual participant identities are not revealed. Moreover, it is possible that analysis could
reveal results that are not expected, in which case the researcher must be willing to allow the data
to drive the research and be willing to acknowledge and change assumptions.

Participant-driven response bias resulting from non-responses that can also skew results.

This can be overcome by weekly methodical wave analysis technique described by Creswell &
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Creswell (2018) to assess for dramatic changes in overall average responses, especially in the
final weeks of a survey study. A weekly assessment of response patterns will be incorporated as
part of the planned 30-day survey run time.

Research Timeline

1. After proposal approval by the committee, finalize survey instrument and obtain IRB
approval by May, 2021
2. Run survey pilot and make feedback adjustments May, 2021
3. Launch survey in identified summer session courses June, 2021
4. Run survey through June, 2021
a. Data will be continuously assessed and participant reminders sent weekly
during the 30-day period
5. Evaluate survey data July-August, 2021
6. Finish survey data evaluation, write up and defend dissertation: August — November
2021
A 29-question five-point Likert scale survey (Appendix B) assessing learners’ opinions
and perspectives on resilience traits identified in the literature (Ropp & Belt, 2020) will be
piloted and deployed to volunteer student participants. Table 2 in Appendix B shows the survey

category, item breakdown and assessment criteria.
Institutional Review Board Approval and Human Subjects Research Training

Human subjects and Institutional Review Board (IRB) approval will be obtained through
Saint Louis University. The Primary Investigator author (Timothy D. Ropp) and any associated
research assistants will be certified in Collaborative Institutional Training Initiative (CITI)

Human Subjects research training for investigators and Responsible Conduct of Research (RCR)
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training for faculty and graduate students. The author is current in both CITI Human Research

Group 2 for Saint Louis University and CITI RCR training.
Survey Pilot Testing

A survey pretest to help establish content validity of the developed survey will be
accomplished with a goal of testing N=15-20 participants. This number range falls within that
which has been established by survey experts for several years as sufficient even for large
surveys to identify major flaws or weaknesses and is generally shared across survey research
(Presser, et al., 2004; Sheatsley, 1983). Participants will be obtained and the survey data and
feedback obtained using the same IRB informed consent.

Participant Recruitment and Distribution

The distribution method will be an online questionnaire using Qualtrics online survey
platform. Student participation using informed consent will be solicited via direct emails.
Participants will be undergraduate aviation students in a university aviation program.

Data Analysis

A 30-day data gathering period will be initiated in June, 2021. Results will be checked
weekly and participant reminders sent.

CHAPTER 4: RESULTS

A return rate goal of 100 responses will be targeted. McCleod (2019) describes median or
mode assessments and distribution display using bar visualization as suitable statistical methods
for evaluating survey data. Once an established N of survey returns are achieved, a comparative
analysis of survey item responses will be accomplished and assessed against the survey question
areas of resilience shown in Table 2 (Appendix B). Areas of strongest participant agreement will

be used to help prioritize resilience competency area focus and as a basis for further development
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of teaching and learning methodologies to mentor and engage students more directly in
deepening key resilience practices during active learning experiences.

CHAPTER 5: DISCUSSION
Conclusions

While resilience competencies are generally emphasized as a positive and necessary
component for graduates, a resilience teaching and learning competency model leveraging
specific behavioral traits identified for these industries and tailored to the aviation and aerospace
teaching and learning domain does not exist. An accepted model used by academia and industry
as a resilience competency transfer tool, enabling key targeted resilience behavior performance
in both learning and salient workforce environments is the long-term vision. Results from the
proposed survey of aviation learners can be used to address gaps identified in resilience
competency preparation in current problem-based / active learning aviation education practices.
This in turn will enable identification, practice, and measurement of key resilience competency
behaviors salient to modern aviation and aerospace workforce needs.

Limitations of the Study

The study proposed will be limited by the scope of the timeframe available for the
researcher to meet established goals. In addition, surveys typically have low return rates. Other
pitfalls include incomplete surveys in which only partial data is available. It is also possible that
participants will not complete the survey at all.

Direction for Future Research

A long-term development plan for a proposed research path post-dissertation and beyond

includes future development of the identified resilience trait categories and learners’ own

personal perspectives from the survey data, into a resilience teaching and learning model.
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Longitudinal field testing and model validation within the actual teaching/learning environment

could then be undertaken.
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MENTAL IMAGERY TRAINING

Proposal to Explore Student Pilot Perceptions about Their Experiences with Using

Mental Imagery Training Strategies During Their Flight Training Program
Chapter 1: Introduction

The following is a proposal to commence a study to explore student pilot perceptions
about their experiences with using mental imagery training strategies during their collegiate
private pilot flight training program. Mental imagery training involves the application of
imagery enhancement techniques and scripted exercises to create vivid, realistic experiences in
the mind while mentally rehearsing psychomotor skills and cognitive tasks (Holms & Collins,
2001; Williams et al., 2013; Saab et al., 2017.) Researchers have studied the use of mental
imagery extensively in the field of sport psychology for many decades and their findings indicate
that it has enhanced the performance of athletes at all levels of skill and experience (Feltz &
Landers, 1983; Jones & Stuth, 1997; Weinberg, 2008). Furthermore, the findings of numerous
studies in the fields of medicine and music reveal that the use of mental imagery training has
improved the learning and skills proficiency of surgeons and nurses, and has helped musicians
improve their music memorization, control their emotions, and prepare for live performances
(Johnson, 2003; Haddon, 2007; Sanders et al., 2008; Cocks, Moulton, Luu, & Cil, 2014).
However, research to explore the use of mental imagery training within an aviation context to
train aircraft pilots is scarce (Jentsch, Bowers, and Salas, 1997; Roth & Andre, 2004).

This is surprising because pilots at many levels of experience use a form of mental
imagery training known as chair flying to practice their checklists and rehearse their flight
procedures (Jentsch, Salas, & Bowers, 1997; Hohmann & Orlick, 2014; Carroll, 2015).

However, it is likely that few pilot trainees receive any formal training in the use of chair flying
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and thus, its use is largely unstructured (Jentsch, Salas, & Bowers, 1997; Orlick & Hohmann,
2015; Roth & Andre, 2004). Therefore, in this study, the researcher will provide a group of
novice student pilots with a set of mental imagery training guidance materials for them to use
during their private pilot flight training program and then he will explore their experiences with
using this supplemental training method. The researcher believes that because the findings of
many studies have shown mental imagery training to be an effective method to improve the
performance of athletes, surgeons, and musicians, then there is merit in exploring the experiences
of pilot trainees using it to improve their flight training performance.

In this chapter, the researcher provides the background for the proposed study and an
overview of the current problem facing the commercial aviation industry that this study will
address. Then, the researcher presents the purpose of the study along with the central research
and supporting research questions that will guide the focus of the study. Also included is a brief
description of the Experiential Learning Theory, which will serve as the theoretical framework
supporting the study. Finally, the researcher explains the importance of this study and its
implications to the commercial aviation industry and the pilot training community at large.

Chapter 2 includes a review of the research literature related to the use of mental imagery
across the disciplines of sport psychology, medicine, music, and aviation. In addition, the
researcher provides a formal definition of mental imagery in the context of aviation as derived
from the literature. Then, the researcher discusses the findings of several studies that have
revealed some of the neurological factors that contribute to the effectiveness of mental imagery
training. Following this is a description of several mental imagery training methods that
researchers and mental imagery coaches have used in the field to improve human performance,

many of which the researcher will apply to the proposed study. In Chapter 3, the researcher
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provides a detailed explanation of the phenomenological qualitative research method he will use
to conduct the study and the steps he will take to add validity and reliability to the study.
Background for the Study

From the outset of powered human flight, the aviation training community has
continually sought new ways to teach pilots how to fly. Prior to their historic first flights in
1903, the Wright brothers needed a means to practice flying their newly invented aircraft without
actually flying it, so they built kite replicas of their gliders and used them as rudimentary flight
simulators to learn and practice their flight skills (Smithsonian, n.d.). Over the ensuing century,
pilot trainees at all levels of experience have made use of numerous inventions in flight
simulation and other training technologies to learn, practice, and improve their flight skills.
These include computer-based learning systems with interactive audio-visual components, static
flight training devices (FTD), and high-fidelity full motion flight simulators (FFS). In recent
years, the application of virtual reality (VR) technology for flight training has been gaining
momentum (FAA, 2020; Weirauch, 2020). In addition, many personal computer-based flight
simulators are available for pilot trainees to use in a self-directed manner to gain experience,
acquire knowledge, and practice their flights skills at home on their own and at their own pace
(Alessandro, 2008). Today, it would be uncommon for a pilot trainee to complete a qualification
training program without having spent a portion of their training time using some type of
supplemental electronic learning and training technology (FAA, 2020).

In addition to advancing the use of modern training technologies to supplement pilot
training, the aviation training community has continued to develop and apply unconventional
training methods to enhance their pilot training programs. For example, in an effort to address
the increasingly complex human factors problems associated with air carrier operations, the

Federal Aviation Administration (FAA) (n.d.) began authorizing U.S air carriers to develop and
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implement Advanced Qualification Programs (AQPs). This authorization allowed airlines “to
develop innovative training and qualification programs that incorporate the most recent advances
in training methods and techniques” (FAA, 2017, p. ii). This gave airline training departments
the opportunity to move beyond the strict confines of traditional and regulated training
requirements and tailor their pilot qualification and recurrent training methods to address the
specific needs of their pilots (FAA, 2017). Some of the key features of AQPs are their emphasis
on the application of innovative training strategies, their inclusion of crew resource management
training, their reliance on pilot performance data to drive the content of the program, and the
incorporation of scenario-based flight simulations that give air crews multiple opportunities to
practice normal and abnormal operations in real time (FAA, n.d.; FAA, 2017; Kearns, Mavin, &
Hodge, 2017).
The impetus behind the development and implementation of many such innovative
training technologies and methodologies has been to:
e Improve aviation safety,
¢ Enable pilots to gain knowledge and skills proficiency across a wide spectrum of
aircraft performance regimes during maneuvers and exercises on the ground in a safer
and more practical manner than in the air,
e Reduce the cost of flight training by replacing a portion of actual aircraft flight
training with training in less expensive training devices and,
e Improve the efficiency and effectiveness of pilot training (FAA, n.d.; FAA, 2020,
McLean, Lambeth, & Mavin, 2016; Huddlestone & Harris, 2017; ICAO, 2013;
IATA, 2014).
Furthermore, the International Air Transportation Association (IATA) (n.d.) asserted that,

“improved pilot training methodologies is the key to further accident reduction” (p. 1).
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Moving forward, the pilot training community must continue to develop new training
strategies to improve the rate of success for new pilot trainees in order to keep up with the global
demand for new pilots (Boeing, 2020). According to Boeing’s 2020 market forecast report, the
aviation industry will need an estimated 763,00 new commercial pilots over the next two decades
to operate the world’s projected fleet of commercial aircraft, business jets, and civil helicopters.
North America alone will need 208,000 of these new pilots. These totals are down from Boeing’s
previous forecast due to the recent worldwide downturn in air travel demand caused by the 2020
COVID-19 pandemic, which resulted in high numbers of pilot layoffs. This has caused a
temporary over supply of qualified pilots, but the market fundamentals that drive air traffic
demand remain strong and the long-term need for qualified pilots remains high (Boeing, 2020;
Murray, 2021).

Prior to the recent downturn, the commercial aviation industry had been experiencing a
shortage of qualified pilots and the trend of new pilot certifications indicated that the number of
new pilots entering the industry was lagging expected demand (Boeing, 2020). In addition to the
reduction of pilot input, tens of thousands of the industry’s current pilots will reach retirement
age over the next decade (Boeing, 2020; Murray, 2021). This has prompted the aviation training
community to begin adopting increasingly innovative solutions to increase pilot production rates
to meet the ongoing demand for new pilots (Boeing, 2020). This includes the use of online and
virtual training formats and the exploration of various immersive technologies and flexible
distance learning methods in an effort to enable optimum learning and knowledge retention
(Boeing, 2020). According to Boeing (2020), “effective training and an adequate supply of
personnel remain critical to maintaining the health, safety and prosperity of the aviation

ecosystem” (p. 1).
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As the aviation industry recovers from the effects of the worldwide COVID-19
pandemic, it must ensure that there will be an adequate number of qualified pilots to support
long-term fleet growth trends (Boeing, 2020; Murray, 2021). However, one of the obstacles to
new pilot starts is the high cost of qualification training (Murray, 2021). Prospective pilots must
make a substantial financial investment to earn the credentials to gain employment as a
commercial pilot. For those who pursue a four-year bachelor’s degree with an aviation major, the
tuition alone can exceed $75,000 and the additional costs of flight training can top well over
$50,000 (Liberty University, 2021). For example, residential students enrolled in one of the
largest four-year collegiate aviation programs in the United States can expect to pay an estimated
$53,360 per academic year (two semesters) for tuition, fees, room, board, and books (ERAU,
n.d.a; ERAU, n.d.b). In addition, these students will pay an additional $45,000 to $75,000 for
flight training leading to a multi-engine commercial pilot certificate, depending on their track of
study (ERAU, n.d.b). This equates to a cost of $258,440 to $288,440 for an aviation bachelor’s
degree with a multi-engine commercial pilot certificate.

However, not all airlines require a college degree as a prerequisite for employment as a
pilot. Therefore, some aviation students opt to forego the expense of a four-year degree and earn
their flight qualifications through a non-university affiliated flight school. These students can
still expect to pay a minimum of $40,000 to $50,000 for their initial training leading to the multi-
engine commercial pilot certificate (AMS Flight School, 2020; Pavco Flight Center, 2020; Epic
Flight Academy, 2021).

Nevertheless, even after earning these requisite credentials, newly certificated
commercial pilots are ineligible for hire at U.S air carriers because they do not meet the
minimum flight experience requirements established by 14 CFR Part 121.436. This is due to a

pilot qualification rule change that took effect in August 2013, requiring all pilots of civil aircraft
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operated under 14 CFR Part 121 air carrier operations to hold an airline transport pilot (ATP)
certificate (FAA, 2013a). This normally requires a minimum of 1500 hours of flight experience
reduceable to 1000 hours of flight experience for pilots who have earned a four-year aviation
degree from an FAA-approved institution (FAA, 2013b). Furthermore, many other commercial
pilot employers prefer to higher pilots with at least 500 hours of flight experience (Martin, 2018).
However, after earning their commercial pilot qualifications within the minimum flight time
required by 14 CFR Part 141 or Part 61 regulations, newly certificated pilots may have fewer
than 300 hours of total flight experience — well short of the minimum hours required for
employment. Therefore, the typical path for newly certificated commercial pilots is to continue
their training to become certified flight instructors (CFIs) because flight schools will hire them to
teach with only entry-level experience and because instructing gives them an opportunity to earn
the requisite flight experience to gain employment with the airlines or elsewhere (Chaika-Cadin
& Taylor, 2020; Lutte & Lovelace, 2016). The cost of obtaining additional flight instructor
certifications can exceed an additional $10,000 to $15,000 (Epic Flight Academy, n.d.; Liberty
University, 2021).

Accordingly, it is critically important for entry level pilot trainees interested in a career in
aviation to successfully earn their certifications at or below the expected training cost.
Otherwise, they may incur financial setbacks that preclude them from continuing. Beckman and
Barber (2007) found that of the 51% of students who dropped out of the professional pilot degree
program at Middle Tennessee State University, 90% of them cited financial constraints as the
reason. This is consistent with the findings of other studies addressing aviation student retention
rates (AOPA, 2010; Dillingham, 2014; Leonard & Bjerke, 2019; Kearns, 2018).

When student pilots discontinue their training due to financial concerns, it may be due in

part to incurring additional costs over and above the estimated minimum costs to earn each
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certificate. For example, federal regulations require student pilots to acquire a minimum of 35 to
40 hours of flight experience to earn a private pilot certificate, but according to the Federal
Aviation Administration (2006), the U.S. national average indicates that “most pilots require 60
to 75 hours of training” to earn the certificate (p. 2). Each additional hour of flight training could
cost the student an average of $150 to $250 (Lessons.com, n.d.). Exceeding the regulated
minimum training requirements to earn a pilot certificate could occur due to a number of factors,
including student learning ability and flying aptitude; student knowledge and skills retention
from one lesson to the next; inadequate student study habits; poor instruction, unstructured
training, student illness, and training disruptions caused by poor weather and aircraft availability
issues (AOPA, 2010; Bryan, 1996; Martin, 2016; Wetmore, Jackman, & Savard (2010).
Encountering training challenges such as these could contribute to the need for additional flight
lessons for pilot trainees at all levels of experience.

However, it is the private pilot qualification course that establishes the foundation of pilot
flying skills and it is “often one of the most difficult courses for an aspiring aviator” (Leonard &
Bjerke, 234). The experiences and success of student pilots undergoing their private pilot
training program may determine whether they progress to advanced flight training courses and
remain on track to enter the commercial aviation industry or drop out of training and take a
different path. Leonard and Bjerke (2019) asserted that “collegiate flight programs need to
ensure that students can complete their flight training in the shortest number of flight hours and
days possible” (p. 233) as this will lead to increases in successful graduations. Furthermore, they
stated that “Due to the fact that the aviation industry is facing a critical pilot shortage, it is
imperative that institutions training the next generation of aviation professionals are well-versed

in ensuring the success of its students” (Leonard & Bjerke, 2019, p. 228).
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Problem Statement

As the aviation industry recovers from the decline in air travel caused by the COVID-19
pandemic, the pre-existing challenges of finding and hiring qualified pilots will re-emerge. The
number of new pilot certifications indicates that new pilot starts will not meet the demand and
thus, the health of the commercial aviation industry is in jeopardy (Boeing, 2020; Murray, 2021).
Therefore, the aviation research and pilot training communities must continue exploring new
strategies to make pilot training more effective, more efficient, and less expensive, especially for
student pilots at the entry level. There is an urgent need to find new training methods that could
potentially help student pilots hasten their pace of learning, maintain their knowledge and skills
proficiency, remain effectively engaged in their training during training interruptions, and reduce
the number of repeated flight training lessons. A growing body of research in other disciplines
indicates that the use of mental imagery training has been effective for developing and improving
the cognitive and psycho-motor skills, overall performance, and confidence of athletes, surgeons,
and musicians (Weinberg, 2008; Haddon, 2007; Johnson, 2003; Sanders et al., 2008; Cocks et
al., 2014). However, there are no examples of research to explore the potential benefits of using
mental imagery training to supplement the training of novice student pilots. Therefore, the
researcher proposes the current study as described below.
Purpose of the Study

The purpose of this study is to explore student pilot perceptions about their experiences
with using mental imagery training strategies to supplement their private pilot flight training
program. The researcher will provide a group of novice collegiate student pilots with a set of
mental imagery training materials he developed for them to use throughout their flight training
program. Then, the researcher will collect and analyze the student pilots’ descriptions of their

lived experiences with using this training method. The student pilot participants will provide
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descriptions of their experiences by posting written comments via an online data collection form
throughout the study sample period and by participating in one-on-one interviews with the
researcher at the end of the study sample period.

Research Questions

This study will attempt to answer the central research question: What are student pilot
perceptions about their experiences with using mental imagery training during their private pilot
fight training program? The researcher will apply a phenomenological qualitative research
methodology involving an analysis of data collected directly from the student pilot participants
via their written feedback throughout their training course and via their verbal responses during
one-on-one online interviews conducted at the conclusion of the study sample period. Chapter 3
includes a detailed description of the phenomenological research methodology the researcher
will use to conduct this study.

To uncover student pilot perceptions about their lived experiences of using mental
imagery training, the researcher will seek answers to the following supporting research
questions:

1. What do student pilots perceive as the outcomes from using mental imagery training

strategies?

2. How did the use of mental imagery affect student pilot motivation, confidence, and

self-efficacy?

3. What mental imagery training techniques do student pilots perceive as effective or

ineffective?

4. In what ways did student pilots adapt their use of mental imagery to suit their own

individual learning styles and preferences?
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As the study progresses, the researcher expects to revise these supporting research questions and
develop additional questions based on a progressive analysis of the collected data. The researcher
will seek answers to these and other questions via the instruments described in the data collection
and analysis section in Chapter 3.

Theoretical Framework of The Study

To answer the central and supporting research questions of this study, the researcher will
apply an appropriate theoretical framework to guide the study. As discussed in more detail in
Chapter 2, Chase & Galvin (2013) described mental imagery as a process of mentally rehearsing
the performance of physical tasks by using all the senses to create or recreate the experience in
the mind. Based in part on this definition, the researcher of the proposed study views the use of
mental imagery training as a unique form of experiential education and will use Kolb’s (2014)
Experiential Learning Theory as the theoretical framework supporting this study. David Kolb
(2014) formulated the Experiential Learning Theory by integrating the common themes of
numerous prominent twentieth-century scholars of human learning and development into a
systematic framework that can address modern problems in learning and education. In
particular, Kolb (2014) used the similarities in the experiential learning models of John Dewey,
Kurt Lewin, and Jean Piaget to create “a model for explaining how individuals learn and to
empower learners to trust their own experience and gain mastery over their own learning” (p.
53).

Kolb’s (2014) experiential learning theory is “soundly based in intellectual traditions of
social psychology, philosophy, and cognitive psychology” (p. 3) and it has been widely accepted
as “a useful framework for learning-centered educational innovation, including instructional
design, curriculum development, and life-long learning” (p. xxv). According to Kolb (2014),

experiential learning has become the method of choice for learning and personal development for
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mature adults and its use has become widely accepted as a method of instruction in colleges and
universities throughout the United States. Numerous educational institutions now provide
various types of experiential learning opportunities to their students, such as internships,
apprenticeships, laboratory studies, field projects, and in-classroom experiential learning
exercises (Kolb, 2014). These are experiential opportunities because learners have direct
encounters with what they are learning about rather than merely thinking about the encounters
(Kolb, 2014).

With this theory in mind, the researcher of the proposed study created a set of mental
imagery training materials to guide the experiential learning opportunities for the student pilot
participants of this study. The participants will use these materials to complete experiential
learning exercises using mental imagery training techniques and strategies. The researcher
discusses the concepts of Kolb’s Experiential Learning Theory in more detail in Chapter 2.
Importance of the Study

The findings of this study to explore student pilot perceptions about their experiences
with using mental imagery training may be valuable to many organizations within the pilot
training community, including airline training departments, military flight schools, civilian Part
61 and Part 141 flight schools, and collegiate aviation institutions. If student pilots perceive their
use of mental imagery training favorably, this may support its formal use in entry-level flight
training programs, and it might support further inquiry into the use of mental imagery training as
a supplemental training method at all levels of flight training. Furthermore, there is a potential
for the use of mental imagery training to improve student pilot success rates, increase student
pilot retention, reduce the number of repeated flight lessons, and thus decrease the cost of flight
training. Any one of these potential outcomes could contribute to a higher number of pilots

successfully entering the commercial aviation industry and thus help to meet its staffing needs
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for the future. In Chapter 2, the researcher will highlight relevant evidence from the body of
literature supporting the exploration of the use of mental imagery training in the discipline of

aviation pilot training.
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Chapter 2: Review of the Related Literature

This chapter includes a detailed summary of the researcher’s comprehensive review of
the literature related to the use of mental imagery to enhance human performance in four
disciplines — namely sports, medicine, music and aviation. According to Vagle (2018),
conducting a review of the related literature is a necessary step in phenomenological research
because it serves to orient the researcher to the phenomenon of interest, and it helps the
researcher gain clarity about the topic under investigation. Furthermore, the literature review
provides a framework for establishing the importance of the study (Creswell & Creswell, 2018)
and it is useful for developing the rationale for the study (Creswell & Poth, 2016). Accordingly,
the literature highlighted in this chapter informed the researcher about the practice of mental
imagery and how mental imagery training strategies might influence the performance of student
pilot trainees. Furthermore, the highlighted literature serves as the foundation of the rationale for
conducting this study to explore the use of mental imagery in an aviation pilot training context.

The literature review begins with an examination of several definitions of mental imagery
applicable to different contexts. The researcher then presents a suitable definition of mental
imagery applicable to pilot training as derived from the literature. Based on this definition, the
researcher explains how the use of mental imagery exercises fits within the framework of Kolb’s
(2014) Experiential Learning Theory. Following this, the researcher discusses some of the
neurological factors that contribute to the effectiveness of mental imagery and then presents a
description of several mental imagery training methods that other researchers have found to be
effective. The literature review concludes with a summary of several studies from the four

disciplines that highlight different types of mental imagery training strategies along with their
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findings that add support for exploring the use of mental imagery training in the field of aviation
pilot training.

From the outset of the researcher’s review of the literature related to the uses of mental
imagery to improve human performance, it became evident that there are numerous existing
definitions of mental imagery as applied to different disciplines. Therefore, the researcher began
the literature review by examining the many definitions of mental imagery and then deriving a
suitable definition of mental imagery applicable to the aviation discipline and to this study.
Defining Mental Imagery in Aviation

Defining mental imagery is challenging because of its many different applications. For
example, due to a growing understanding of the neurological basis that contributes to the
effectiveness of mental imagery, health practitioners are increasingly using it as a tool for the
treatment of various psychological disorders, including anxiety, depression, schizophrenia, and
Parkinson disease (Pearson, 2019). Furthermore, they are using guided mental imagery
extensively as a coping strategy to treat patients suffering from chronic pain (Berna, Tracey, &
Holmes, 2012). However, others have used mental imagery successfully as a training
methodology in various disciplines, including sports (Post, Muncie, & Simpson, 2012; Motris,
Spittle, & Watt, 2005), music (Du Toit, 2015), and medicine (Mick et al., 2016; Bathalon,
Martin, & Dorion, 2004) to boost human performance; to hasten the rate of learning cognitive
and psychomotor skills; to improve and maintain those skills; and to overcome performance
anxiety. For example, Post and Wrisberg (2012) found that elite gymnasts used imagery to
decrease their fear of injury, increase their confidence, rehearse their performance routines,
maintain their focus, and manage their pain. Furthermore, the results of many empirical studies
examining the effects of mental imagery have shown that combining physical practice with

mental practice using a variety of mental imagery techniques leads to an equivalent or higher
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level of skill proficiency than when using a commensurate amount of physical practice alone
(Feltz & Landers, 1983; Feltz, Landers, & Becker, 1988; Weinberg 2008). This implies that
people can use mental imagery as a suitable supplement or partial replacement for physical
practice in various types of training regimens.

During the past fifty years, psychology researchers have developed numerous formal
definitions of mental imagery (Richardson, 1969; Finke, 1989; Kosslyn, Ganis & Thompson,
2001), but the literature related to this topic is replete with the descriptions of several other terms
closely associated with mental imagery that may cause confusion about it. These include mental
rehearsal, mental preparation, self-talk, visualization, and mental practice, each having their own
formal definitions. For example, Driskell, Cooper, and Moran (1994) defined mental practice as
“the cognitive rehearsal of a task in the absence of overt physical movement” (p.481). However,
this definition neglects the important role that explicit physical movements may play in
developing a more vivid mental image of rehearsed tasks. For instance, it is common for athletes
to mentally practice their sport while mimicking many of the physical motions involved, such as
standing, bending, and swinging their arms. U.S. Olympic Freestyle Skier, Emily Cook did this
in preparation for every aerial ski jump she performed in practice and in competition (Clarey,
2014). Additionally, elite athletes have used the term visualization since the 1960s in reference
to mentally simulating competition but Cook asserted that this term does not go far enough in
describing what she does to mentally prepare for each ski jump because it does not include all of
the senses, such as smelling, hearing, feeling, and “everything” (Clarey, 2014, p. 1). Therefore,
perhaps a more encompassing definition that captures a greater range of mental imagery
methods is that of Chase and Galvin (2013), who defined mental imagery as “the process of
rehearsing a performance of a physical task while using all the senses to create or recreate the

experience in the mind” (p. 429).
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Chase and Galvin developed this definition in the context of sports psychology, but it
relates well across multiple disciplines that involve the completion of physical tasks, including
piloting an aircraft. For example, to demonstrate their mastery of aircraft control, every
commercial pilot student must perform numerous sophisticated three-dimensional maneuvers in
flight, including chandelles, lazy eights, and steep spirals. Just as Olympic divers, gymnasts, and
freestyle aerial skiers must execute a combination of discrete, serial, and continuous physical
movements, applying both perceptual and motor skills with precise timing and agility to
complete their intended exercises (Weigelt & Stockel, 2013), aircraft pilots must physically
control the speed and movements of their aircraft using their hands, feet, legs, and arms while
making fine-tuned adjustments based on kinesthetic sensations and visual references to complete
each maneuver. Therefore, Chase and Galvin’s (2013) definition of mental imagery is applicable
to the aviation pilot training context. However, in addition to the physical tasks involved with
flying, operating an aircraft also requires the completion of numerous cognitive tasks. Among
these are performing bearing, distance, time, and fuel calculations; programming flight
management systems; interpreting the aircraft’s flight instruments and navigation systems;
recognizing and responding to abnormal situations; maintaining situational awareness of the
aircraft’s trajectory; and completing complex checklist procedures (Casner, Geven, Recker, &
Schooler, 2014). Therefore, to develop a comprehensive definition of mental imagery applicable
to aviation, it is necessary to consider how the use of mental imagery influences the performance
of cognitive tasks.

In a study of first year medical students, Bathalon, Martin, and Dorion (2004), found that
the combination of using kinesiology-guided teaching with daily mental imagery during surgical
training resulted in better acquisition and retention of cognitive surgical skills than the training

protocols that excluded the use of mental imagery. Thus, these researchers asserted that such
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alternative educational approaches will potentially play a prominent role in the future of surgical
training (Bathalon, Martin, & Dorion, 2004).

Furthermore, in a study to explore the effects of using mental imagery to improve the
cognitive task performance of maneuvering an animated vehicle around a video game track using
the arrow keys of a computer keyboard, Wright and Smith (2007) found that the use of a
particular form of mental imagery when practiced alone, without any additional physical
practice, resulted in cognitive task performance that was on par with the performance of those
who had completed the additional physical practice of the skill. This implies that mental
imagery users could, to some extent, effectively replace repetitive physical practice with mental
imagery practice and still achieve at least the same level of performance for some types of
cognitive tasks.

Still further, in a qualitative study to explore the perceptions of musicians about the
efficacy of using mental imagery to learn and improve their musical skills, Haddon (2007)
surveyed music students and professors at the University of York. The results revealed that
mental imagery was a widely used practice among both groups and that the participants viewed it
as a means of quickening memorization, aiding interpretation, and producing a better
understanding of musical aspects (Haddon, 2007).

Thus, from these few examples, it is evident that the definition of mental imagery should
address cognitive skills when applied to the aviation discipline. Therefore, for the purposes of
this study to explore student pilot perceptions about their experiences with using mental imagery
training during their flight training program, the researcher has defined the term mental imagery
as the process of rehearsing the performance of physical and cognitive tasks while using one or

more of the senses to create or recreate the experience in the mind. This is a slightly modified
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version of the Chase and Galvin (2013) definition, and it aligns with the principles of Kolb’s
experiential learning theory.

It is important to note that within the aerospace pilot community, mental imagery is most
closely associated with the term chair flying, which refers to the practice of rehearsing flight
procedures while seated in a chair on the ground without actually going flying. Pilots often
chair fly in front of a cockpit poster to learn how to complete and then practice the execution of
normal, abnormal, and emergency checklist procedures, using the poster as a reference for
identifying the various cockpit switches and controls referenced in each checklist (Hohmann,
2011). Kern (1997) described chair flying as a “combination of visualization techniques,
procedural practice, mental modeling, and cognitive conditioning” and he asserted that it is “one
of the easiest and most effective methods of self-improvement” (p. 57). Roth and Andre (2004)
described chair flying as a technique pilots often use to prepare for missions by mentally
rehearsing the information they will need later and to go through every sequence of their flights.
This may include simulating the movements they must make while flying, such as moving their
arms, hands, and feet to interact with the various controls and flight instruments (Roth & Andre,
2004). It also involves practicing the rhythmic flow of procedures they must accomplish by
memory; verbally rehearsing the numerous types of radio communications during different
phases of flight; and reviewing specific profiles used to execute flight maneuvers and instrument
approaches. Pilots at all levels of experience use chair flying, from novice student pilots
practicing their basic flight skills to the U.S. Navy’s Blue Angels flight demonstration team
preparing for their air show routines (Jentsch, Bowers, and Salas, 1997; Carroll, 2015).

Chair flying is considered to be one of the most reliable methods of improving pilot skills
and a valuable component of primary flight training (Stoller, 2004). However, because of a lack

of published guidance and the absence of any formal training about how to chair fly effectively,
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it is likely that many aviation students practice chair flying rather haphazardly using a wide
variety of unstructured methods and techniques (Jentsch, Bowers, & Salas, 1997; Hohmann &
Orlick, 2014). In a study to examine the psychological skills of Canadian military pilots,
Hohmann & Orlick (2014) interviewed 16 experienced pilots and found that all of them were
familiar with chair flying and had practiced it, but their uses of it varied considerably. While
some described chair flying as sitting in a chair in front of a cockpit diagram to review the
applicable aircraft checklist procedures, others referred to it as a way of mentally putting
themselves in the cockpit by imagining their surroundings and the hundreds of buttons and
switches in front of them and then visualizing every aspect of the flight, including the actions
they would take during emergency situations (Hohmann & Orlick, 2014).

In an earlier study to assess the degree to which pilots used mental practice, Jentsch,
Bowers, and Salas (1997) surveyed a cross section of 60 pilots ranging from initial student pilots
to certified flight instructors and found that nearly all of them used mental imagery frequently.
Before completing the survey, the researchers told the participants that the use of mental imagery
could take the form of “chair flying” or “hangar flying” (Jentsch, Bowers, & Salas, 1997, p. 73).
The survey results indicated a large variability among the participants with respect to the manner
in which they used mental practice, leading the researchers to suggest that pilots could benefit
from learning improved mental practice techniques (Jentsch, Bowers, & Salas, 1997).

Such variability in the practice of chair flying within the discipline of aviation may be
due in part to vague notions of what chair flying is and how to use it effectively. Hohmann
(2011) discovered that even though Canadian military pilots regarded chair flying as a
recommended training exercise, “formal instruction in the method of chair flying is not

provided” (p. 69). Furthermore, aviation students and flight instructors may not be fully aware
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of the potential benefits of chair flying and mental imagery training due to a scarcity of
information about these practices in aviation training publications.

Haddon (2007) found this to be the case in her study of university musicians whereby 91
percent of the music students and 89 percent of their professors indicated that they use mental
imagery as a deliberate practice strategy but none of the students and only 23 percent of the
professors could recall any references to the use of mental imagery described in their music
training books. Similar results might emerge from a survey of aviation students and their
instructors because there is little to no mention of mental rehearsal, visualization, or chair flying
in any of the most commonly used publications used in aviation training, including the Pilot’s
Handbook of Aeronautical Knowledge (FAA, 2016a), the Airplane Flying Handbook (FAA,
2016b), the Instrument Flying Handbook (FAA, 2012), and most surprising, the Aviation
Instructor’s Handbook (FAA, 2020). Furthermore, unlike the prevalent descriptions and detailed
guidance about the use of mental imagery found in sports psychology texts (Eklund &
Tenenbaum, 2014; Shinke, McGannon & Smith, 2016), there is no mention of its use to improve
pilot performance in several of the most recently published aviation psychology books (Vidulich,
Tsang, & Flach, 2014; Martinussen & Hunter, 2018).

Nevertheless, it is likely that a high percentage of flight instructors and academic
professors encourage their students to chair fly often without providing them with a clear
definition of what chair flying or mental imagery is or how to use these training strategies
effectively (Jentsch, Salas, & Bowers, 1997; Hohmann & Orlick, 2014). Therefore, at the start of
the proposed study, the researcher will provide participants with the following definition of chair
flying as it relates to this study and to align it with the term mental imagery: Chair flying is the
act of practicing flight procedures on the ground or using any one or a combination of mental

imagery techniques to practice and experience the performance of aircraft flight procedures,
gery q p P p ghtp
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maneuvers, cognitive tasks, and missions in the mind. While the researcher will use the term
mental imagery more prevalently than chair flying in the mental imagery guidance materials
provided to the study participants, it is likely that the participants will favor the term chair flying
and use the two terms synonymously. Based on these derived definitions, the researcher views
the use of mental imagery training and chair flying exercises as experiential learning
opportunities that fit well within the framework of Kolb’s Experiential Learning Theory.
Experiential Learning Theory
As introduced in Chapter 1, Kolb’s Experiential Learning Theory will serve as the

theoretical framework supporting this study and it guided the development of the mental imagery
training materials that the student pilot participants will use to supplement their private pilot
flight training. Kolb’s (2014) intention for developing his theory was to describe “a theoretical
perspective on the individual learning process that applied in all situations and arenas of life” (p.
xvii). McCarthy (2010) described experiential learning as active learning, interactive learning,
and “learning by doing” (p. 91), which is in contrast to indirect or passive learning through
hearing about or reading about the realities under study. Kolb (2014) defined learning as “the
process whereby knowledge is created through the transformation of experience” (p. 49), and he
explained that the distinguishing difference between experiential learning and traditional
education is its focus on process rather than behavioral outcomes (Kolb, 2014). The idea behind
this is that people form and continuously modify their understanding of concepts and new ideas
through experience.

According to Kolb (2014), the learning process occurs during a four-stage cycle involving
four adaptive learning modes, namely — concrete experience (CE), reflective observation (RO),

abstract conceptualization (AC), and active experimentation (AE) as illustrated in Figure 1.
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During this cycle, learning occurs from the resolution of creative tension among the four learning
modes, and for learners to be effective, they need to:

e involve themselves fully, openly, and without bias in new concrete experiences (CE),

e reflect on and observe their experiences from many perspectives (R0),

e create concepts that integrate their observations into logically sound theories (AC), and

e use these theories to make decisions and solve problems (AE). (Kolb 2014, p. 42)

Figure 1. Kolb’s Experiential Learning Cycle (Kolb, 2014, p. 51)

Kolb (2014) explained that the process of learning involves moving in varying degrees
from actor to observer and from specific involvement to general analytic detachment. As
illustrated in Kolb’s learning cycle, concrete experience contrasts abstract conceptualization
while active experimentation is the opposite of reflective observation. Based on their learning
style preferences, learners must choose which of their abilities to apply in specific learning
situations, but all four modes of the learning cycle are experiential, and learners must encounter

all four for learning to occur (Kolb, 2014).
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Mental imagery training fits within the experiential learning cycle as a form of active
engagement with the phenomenon, or as Weinberg and Gould (2018) asserted, a simulation
similar to a real sensory experience, such as seeing, feeling, or hearing, but the entire experience
occurs in the mind. Furthermore, mental imagery experiences can also involve bodily
movements (Chase & Galvin, 2013). Consequently, mental imagery training exercises are
concrete experiences similar to actual perceived experiences and structured conceptualization.
Moreover, mental imagery exercises fit into what Kolb (2014) described as an immense variety
of applied methods developed for experiential learning, including simulations, structured
exercises, games, observation tools, role playing, and skill-practice routines. The common core
of all such methods is to “simulate situations designed to create personal experiences for learners
that serve to initiate their own process of inquiry and understanding” (Kolb, 2015, p. 11).

The following is a simplified example of how the experiential learning cycle applies to
the acquisition and development of a flight skill by student pilots — in this case the skill of
performing a normal takeoff. After receiving introductory ground training about how to perform
a normal takeoff, student pilots will gain concrete experience (CE) in performing that task
during actual flight training lessons in the aircraft. After each lesson, they will actively and
subconsciously reflect on what they practiced (RO), taking notice of how they felt physically and
emotionally while performing the task. Then, the students will further conceptualize their
understanding of how to perform the takeoff by completing structured mental imagery exercises
and thinking through the task as vividly as they can (AC). Then, upon returning to the aircraft,
students will actively experiment with performing the normal takeoff with their new knowledge
that became transformed by their experiences during the learning process. After this, the cycle

restarts with new concrete experiences in performing the normal takeoff.
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The Association of Experiential Education (AEE, n.d.a) is a nonprofit professional
membership association based in St. Petersburg, Florida that “is dedicated to experiential
education and the students, educators, and practitioners who utilize its philosophy” (p.1). The
AEE strives to raise the quality and performance of experiential programs through its
accreditation and certification programs. The AEE (n.d.b) provides the following list of
experiential education principles of practice that will guide the current study:

e Experiential learning occurs when carefully chosen experiences are supported by
reflection, critical analysis and synthesis.

e Experiences are structured to require the learner to take initiative, make decisions
and be accountable for results.

e Throughout the experiential learning process, the learner is actively engaged in
posing questions, investigating, experimenting, being curious, solving problems,
assuming responsibility, being creative, and constructing meaning.

e Learners are engaged intellectually, emotionally, socially, soulfully and/or
physically. This involvement produces a perception that the learning task is
authentic.

e The results of the learning are personal and form the basis for future experience
and learning.

e The educator and learner may experience success, failure, adventure, risk-taking
and uncertainty, because the outcomes of experience cannot totally be predicted.

e The educator’s primary roles include setting suitable experiences, posing
problems, setting boundaries, supporting learners, insuring physical and
emotional safety, and facilitating the learning process.

e The educator recognizes and encourages spontaneous opportunities for learning.

e Educators strive to be aware of their biases, judgments and pre-conceptions, and
how these influence the learner.

e The design of the learning experience includes the possibility to learn from
natural consequences, mistakes and successes. (AAE, n.d.b, The Principles of

Practice)
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According to the AEE (n.d.b), experiential education is a teaching philosophy that
informs many methodologies in which educators purposefully engage with learners in direct
experience and focused reflection in order to increase knowledge and develop skills. The
researcher of the proposed study views mental imagery training and chair flying exercises as
forms of experiential learning intended to enhance the learning of new flight skills, to increase
proficiency of previously learned flight skills, and to help students prepare ahead of time for
flight training lessons. Therefore, the Experiential Learning Theory will serve as an appropriate
theoretical framework for this study. Furthermore, to add support for the use of mental imagery
exercises to supplement flight training, it is appropriate to discuss the neurological factors that
may contribute to their effectiveness as experiential learning opportunities. The researcher
describes this topic next.

The Neurological Basis for the Efficacy of Mental Imagery

Before addressing the results of various research studies found in the growing body of
literature regarding the use of mental imagery training techniques to enhance human
performance, a discussion regarding the cognitive processes involved in mental imagery is
appropriate. Kosslyn, Ganis, and Thompson (2006) described mental imagery as a means of
accessing perceptual information from memory as a way of ‘seeing with the mind’s eye’ and
‘hearing with the mind’s ear’ etc. It is a cognitive process fundamental to motor learning and
performance and its use is of particular interest to researchers working in the fields of cognitive
psychology, neuropsychology, neurophysiology, and neurorehabilitation among others
(Cumming & Williams, 2012). Weinberg (2008) reported that the body of evidence regarding the
effectiveness of using mental imagery to enhance human performance is growing and that much
of this evidence stems from studies to explore the cognitive processes that make such gains

possible. Therefore, the aim of this section is to discuss the findings of several such studies that
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highlight the neurological aspects of mental imagery usage that contribute to its effectiveness to
learn and improve cognitive and psychomotor skills.

While there is extensive and growing evidence supporting the use of mental imagery as
an effective means of improving cognitive and psychomotor skills, the underlying factors for
why it is effective appear to be the close associations and overlaps of brain activities that occur
during both physical practice and mental practice (Cumming and Williams, 2012). Mulder et al.
(2003) proposed that:

When a subject is mentally practicing the execution of a movement, impulses are sent to

target muscles. Furthermore, it is suggested that the same neuromotor pathways that are

involved in the execution of a specific action are also activated during mental practice.

This activation aids skill learning by improving the appropriate coordination patterns as a

result of the strengthening of motor programs in the motor cortex, and by priming the

corresponding motor neurons of the muscles necessary to execute a motor task. (p. 212)

Researchers are able to examine and compare such brain activities during physical
activity and mental imagery through the use of brain scanning technologies, including functional
magnetic resonance imagery (fMRI), (Datta & Bandyopadhyay, 2013). One of the primary
advantages of using fMRI scans is that it is non-intrusive and it provides a clear, high resolution
image of the brain with indications of where the strongest brain activities are occurring at the
time of scanning (Datta & Bandyopadhyay, 2013). Functional MRI scans measure brain activity
by detecting changes in blood flow to different regions of the brain. This is possible because
oxygen rich blood from the lungs has a different magnetic resonance than blood that has already
released its oxygen content to other cells in the body (Datta & Bandyopadhyay, 2013). Increases
in brain activity demand higher levels of oxygen rich blood and thus, fMRI scanners can detect

the specific areas in the brain demanding these increases in oxygen-rich blood. The
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measurement of these blood flow increases is the blood-oxygen-level-dependent (BOLD) signal
and being able to record these signals gives researchers a clear indication of which areas of the
brain are in most demand of oxygen during the time of the brain scan (Datta & Bandyopadhyay,
2013).
Ganis, Thompson, and Kosslyn Study

Ganis, Thompson, and Kosslyn (2004) used fMRI brain scans to investigate the shared
neural processing that occurs during visual mental imagery and actual visual perception.
Participants in this study completed six fMRI scanning sessions alternating between imagery and
perception conditions. Each scanning session consisted of 16 trials for a total of 48 trials per
condition (Ganis et al., 2004). Several days prior to the scanning sessions, the participants
studied a booklet of faint line drawings of common objects with a light foreground and black
background. Each scanning session began with an audible cue describing the image that the
participants were to either view directly on a computer screen within their field of vision or to
imagine the image with their eyes closed. The results of the fMRI BOLD signals indicated
remarkably similar activations of brain regions during the visual perception and the visual
imagery conditions, with an overall proportion of overlap of about 92% (Ganis et al., 2004). The
areas with the greatest similarity in activation were the frontal and parietal cortex while the
smallest similarity was in the occipital cortex. Other variations of overlap occurred across
multiple regions of the brain. Ganis et al. (2004) asserted that “regions engaged by visual
imagery across the brain were a subset of those engaged during visual perception” (p. 236) and
that “visual imagery and visual perception draw on most of the same neural machinery” (p. 239).
Olsson, Jonsson, Larsson, and Nyberg Study

In a different study using fMRI technology, Olsson et al. (2008) used statistical analysis

of BOLD signals to examine the brain activity involved during the mental imagery of a complex
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motor task between two groups of participants. The complex task involved a high jump over a
horizontal bar. One group was comprised of elite experienced high jumpers and the other group
was comprised of novice high jumpers with no experience. Olsson et al. (2008) predicted that
experienced high jumpers would use mental imagery from an internal perspective (first person
view from within), which would engage movement-related regions of the brain, while novice
high jumpers would use mental imagery from an external perspective (third person outside
observer), which would engage visuo-perceptual regions of the brain. Olsson et al. (2008)
theorized that in order to successfully employ an internal imagery perspective and feel as if the
action is actually occurring, it is necessary to have well-developed motor representations of the
action. In other words, imagers must have experience with the action in order to activate the
motor regions of the brain while performing imagery of the action.

During the imagery training sessions, the participants read and listened to verbal
instructions to visualize the entire high jump from the start of the runway until the landing and to
do so using an internal perspective according to the script (Olsson et al, 2008). Then, all
participants completed an fMRI scanning session during which they visualized the high jumping
task according to written and oral internal imagery instructions for 20 cycles lasting eight
seconds each separated by an eight second rest period. They performed each imagery cycle with
their eyes open so that they could see a prompt on a screen, which served as a signal for starting
and stopping each imagery cycle. Olsson et al. (2008) analyzed the fMRI data using a
combination of MANOVA and sample t-tests to compare the brain region activity of the
experienced high jumpers to that of the novice jumpers.

The results were as Olsson et al. (2008) predicted. Brain activity of experienced high
jumpers during imagery showed increased activity in several motor areas, mainly left-lateralized,

including the supplemental motor area (SMA), the left superior frontal gyrus, the left cerebellum,
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and the bilateral pre-motor cortex. Conversely, the brain activation pattern for the novice high
jumpers showed activation in visuo-perceptual regions of the brain, including the left inferior
parietal cortex, superior occipital cortex, left superior temporal cortex, left precentral gyrus, and
the right lingual gyrus (Olsson, 2008). Although the supplemental motor area of the brain was
active among the novice high jumpers, it was to a lower extent threshold than the experienced
high jumpers.

Olsson et al. (2008) found a significant difference in the BOLD values in three brain
regions. In two areas, namely the left pre-motor cortex and the right pre-motor cortex, the
BOLD signals of experienced high jumpers were significantly stronger than for novice jumpers.
Furthermore, the BOLD signal change in the left superior temporal gyrus was significantly
stronger for the novice high jumpers than the experienced high jumpers. This region is associated
with auditory processing and thus, the higher signal change for novice high jumpers may have
been an indication that novice jumpers had difficulty using the first-person internal perspective
to imagine the high jump, so they used a third person external perspective instead (Olsson et al.,
2008). Olsson et al. (2008) asserted that their findings revealed “pronounced differences between
skilled jumpers and novices during motor imagery” (p. 9) and that mental imagery appears to be
able to activate and perhaps strengthen motor regions of the brain provided that the person
engaging in imagery has developed adequate motor representations of the task.

Debarnot, Clerget, and Olivier Study

Debarnot, Clerget, and Olivier (2011) conducted a study to investigate whether motor
mental imagery can elicit an early boost in the performance of a physical task similar to the boost
that occurs from physical motor practice. The basis for this study is the theory that people
acquire motor skills during at least two distinct phases. The first is a fast phase, which occurs

while physical training is occurring and as an immediate result of practice. However, there is
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also a transient post-training phase of skill acquisition that occurs after a short delay of five to
thirty minutes following the completion of a physical practice period (Debarnot et al., 2011).
This phase is a motor memory consolidation period that produces an ‘early boost’ in skill
performance as the skill transforms into a stable and long-lasting skill (Debarnot et al., 2011).

Debarnot et al. (2011) theorized that during this delay period, the same brain networks
that activate during physical practice, specifically those in the primary motor cortex, reactivate
while at rest and then replay the neuronal activity involved in the skill, thus modifying the
synaptic connections activated during physical practice in order to refine the motor memory
process (Debarnot et al., 2011). Debarnot et al. (2011) emphasized the well-examined theory
that mental practice and motor imagery are an effective means of enhancing cognitive and motor
performance due in part to comparable autonomic nervous system activity that occurs during
both imagined and actual movements.

Debarnot et al. (2011) conducted an experiment involving three groups of participants
who completed a finger tapping task on a computer keyboard. Each group completed a pre-
training practice session to establish the baseline data for each participant. Then, participants in
the physical practice group completed a training session in which they performed the finger
tapping task during 10 blocks of 30 seconds each, separated by a rest period of 20 seconds.
Participants in the motor imagery (MIM) group mentally imagined performing the finger tapping
task for the same duration as the physical practice group after reading scripted instructions about
how to imagine the task using visual and kinesthetic imagery and how to prevent finger
movements during the motor imagery training. Control group participants read from a magazine
for the same duration as the training session and did not complete any finger sequence training.

After the training session, all participants completed a post-training practice session of

two blocks of trials in the same manner as the pre-training practice session. Then, a 30-minute
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delay period ensued in which all participants refrained from performing any motor imagery or
physical practice of the finger-tapping task. After the delay period, all participants completed a
re-test session where they performed the same finger tapping practice routine for the third time.

Debarnot et al. (2011) analyzed the two dependent variables for each practice session,
namely, the number of correct tapping sequences and the mean duration of each sequence. The
results led Debarnot et al. (2011) to assert that motor imagery training can lead to an early boost
in performance similarly to the boost that occurs following physical practice and that both motor
imagery and physical training can lead to a similar increase in the amplitude of early boost
performance.
Bohan, Pharmer, and Stokes Study

While the body of literature in mental imagery research indicates a high level of
concurrence regarding the commonalities of brain activities that occur during mental imagery
and physical practice, Bohan, Pharmer, and Stokes (1999) discovered a lack of consensus among
researchers about when during the process of learning a new skill that the use of mental imagery
rehearsal yields the greatest benefits. Some researchers argue that mental imagery is most
effective only after people develop their skills well, such as the imagery used by elite athletes,
while others contend that imagery is effective early in the skills acquisition process and that
imagery practice may be most beneficial in the early stages of learning (Bohan, Pharmer &
Stokes, 1999). Nevertheless, Bohan, Pharmer, and Stokes (1999) found consensus in the
literature that motor imagery practice has a positive effect on motor task performance and that it
is most effective when used in conjunction with physical practice. This is because “the high-
level mental nodes represent the underlying concepts of a skill and are activated during both
physical and imaged movement, whereas the subordinate low-level muscle nodes are only

activated during actual physical movement” (Bohan, Pharmer, & Stokes, 1999, p. 652). Because
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of this, “the positive effect of imagery practice on movement performance is attributed to
increased activation rates of higher-level mental nodes, which in turn increase the overall speed
of response” (p. 652).

Based on their findings in the literature, Bohan, Pharmer, and Stokes (1999) conducted an
experiment involving 30 participants to determine the most beneficial point in a training program
to start using mental imagery. During this experiment, each participant sat by themselves in a
darkened room in front of a computer monitor. Using a joystick, they controlled the movement
of a white cursor toward a white target box on the black screen as instructed. The initial
movement of the joystick started the movement of the cursor on one side of the screen toward
the target on the other side and the speed depended on the displacement of the joystick. Moving
the stick a second time in the opposite direction controlled the velocity of the cursor movement
down to zero, thus terminating the cursor movement. To land the cursor on the target, the
participants had to coordinate the amount of force applied to the joystick with the timing of the
return movement.

Bohan, Pharmer, and Stokes (1999) divided the participants into three groups based on
their planned learning levels. The early learning group completed 10 practice trials, the
intermediate learning group completed 20 practice trials, and the late learning group completed
40 practice trials. All participants then completed 20 practice trials using only mental imagery
with the control stick disabled. For each imagery trial, the participants first viewed the position
of the target and the cursor before imagining the action of moving the stick as necessary to guide
the cursor to the target. Then, after a rest interval of two minutes, each participant completed a
posttest of 10 trials of the task. The researchers recorded the movements and response times

required to acquire the target.
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The results of the posttest showed that movement times did not differ among all three
groups and that the mean movement times decreased significantly following imagery rehearsal.
In addition, participants in the early and intermediate learning groups exhibited significant gains
in movement speed after imagery rehearsal, but movement times for those in the late learning
group did not change significantly from pretest to posttest (Bohan, Pharmer, & Stokes, 1999).

There were two primary findings in this study. The first was that mental imagery practice
appeared to be more beneficial during early stages of learning. Participants in the late learning
group — those with more experience with the task — did not show improvement as a function of
imagery, and this was likely due to what is known as the ‘ceiling’ effect, whereby they became
so proficient during practice that further improvement by imagery became negligible ((Bohan,
Pharmer, & Stokes, 1999). However, this could have also been due to these experienced learners
becoming so fatigued or bored with the mental imagery trials because they knew the task so well
that they may not have put much effort into them (Bohan, Pharmer, & Stokes, 1999).

The second major finding of the Bohan et al. (1999) study is that the early learning group
was able to reach the same level of proficiency as the intermediate and late learning groups with
fewer physical practice attempts. This finding is consistent with the notion that mental imagery
and physical practice activate shared neural mechanisms. Both findings led Bohan, Pharmer, and
Stokes (1999) to conclude that when learning a novel task, imagery practice may be sufficient to
enhance motor performance with little or no additional physical practice and that the use of
mental practice may be appropriate early in the learning process without the need for much
actual physical practice of the task before using it. The researchers also concluded that the
optimal stage in the learning process for implementing imagery practice depends on the

individual’s mental representation of the component motor skills underlying the task. Therefore,
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if the performer possesses the requisite components, imagery practice should be beneficial early
in the process of transferring them to the novel skill (Bohan, Pharmer, & Stokes, 1999).
Summary

This section highlighted several neurological factors that contribute to the effectiveness
of mental imagery uses. The development of brain scanning equipment has enabled researchers
to examine the brain activities involved during mental imagery and to compare these activities to
those used during actual perception. In particular, the use of fMRI technology has proven to be
particularly helpful in this area. Ganis, Thompson, and Kosslyn (2004) used fMRI scans of the
brain and found that similar cognitive control processes occur when viewing images directly
(perception) as when imagining those images. Olsson et al. (2008) used fMRI technology to
analyze BOLD signal differences in the brain during the mental imagery of a complex task and
found that mental imagery of a motor task is most effective in activating the motor areas of the
brain when the subject has enough experience with the task to form an adequate mental
representation of the task. Debarnot, Clerget, and Olivier (2011) found that mental imagery was
successful in producing an early boost in performance of a physical skill similar to the boost
produced after physically practicing the skill and that the primary motor cortex region of the
brain is causally involved in implementing this early boost in performance. Lastly, Bohan,
Pharmer, and Stokes (1999) found that the positive effect of mental imagery practice on
movement performance due to an increase in the activation rates of higher-level mental nodes
can occur early in the learning process.

The results of these brain scan studies revealed that similar brain functions are involved
in mental imagery, perception, and physical activity. Such findings add support for exploring the

use of mental imagery to supplement other training methods. However, before initiating such
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inquiry, it is important for researchers to consider and account for the fact that people have
varying degrees of mental imagery aptitude as described in the next section.
Mental Imagery Aptitude

Mental imagery aptitude varies among people (Marks, 1973) and this could affect the
outcomes of mental imagery research efforts. Consequently, many research studies to evaluate
the effectiveness of mental imagery interventions begin with a measurement of each participant’s
imagery vividness. David Marks (1973), a seminal researcher in the field of mental imagery,
successfully tested the reliability of a questionnaire he developed to determine people’s mental
imagery aptitude. His Vividness of Visual Imagery Questionnaire (VVIQ), which remains a
standard in imagery research studies today is comprised of four sets of four questions, with each
set corresponding to a visual image description. Participants rate their own ability to visualize the
described object using a five-point scale, ranging from ‘Perfectly clear - as vivid as normal
vision” to ‘No image at all” (Marks, 1973). For example, the questionnaire asks participants to
visualize a rising sun and then rate their imagery of four different image prompts, such as how
well they can picture the sun rising above the horizon into a hazy sky. Through this process,
participants self-assess whether they are ‘good visualizers’ or ‘poor visualizers’ based on their
VVIQ score (Marks, 1973). Interestingly, the VVIQ questionnaire might also reveal students and
research participants who completely lack the ability to see images in their mind’s eye. This
condition, called congenital aphantasia, is a phenomenon recently discovered by Zeman, Dewar,
and Della Sala (2015) and may affect about two to three percent of the population. Researchers
should consider screening for this condition and for those with low VVIQ scores when
conducting research that requires participants to complete mental imagery training exercises.
Furthermore, VVIQ scores may be useful to mental imagery coaches and instructors for making

adjustments to their mental imagery exercises according to the imagery aptitude of their trainees.
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While the VVIQ questionnaire is a reliable means to assess visual imagery vividness
(Marks, 1977), it only addresses the one modality of being able to see images with the mind’s
eye. However, people also have the ability to imagine multiple senses, such as sounds, smells,
the feeling of motion, and the emotions involved when performing the task. Therefore, Andrade,
Deeprose, Baugh, & Ganis (2014) developed the Plymouth Sensory Imagery Questionnaire (psi-
Q) to measure the “vividness of imagery across a range of sensory modalities — visual, auditory,
olfactory, taste, touch, bodily sensation, and emotional feeling” (p. 550). Similar to the VVIQ,
information obtained from the psi-Q could be helpful in designing and facilitating mental
imagery training sessions. For instance, if an aviation student completed the questionnaire and
the results indicated that the student was weak in the ability to imagine smells, then it would be
appropriate to remove references to the smells of the cockpit from imagery training scripts used
for that student. Conversely, it would be appropriate to include references to various sounds in
the imagery guidance scripts for those who score strongly in the imagery modality of sound, such
as imagining the change in wind and engine noise as the aircraft accelerates and decelerates
during specific maneuvers. According to Andrade et al. (2014), it is not uncommon for
individuals to rate one or more modalities as strong and the others as weak.

Participants in the proposed study will complete the psi-Q questionnaire at the start of the
study as described in Chapter 3 — Methodology. The imagery guidance materials provided to the
participants encourages them to adjust their imagery scripts based on their self-assessed imagery
aptitude. This is one of several techniques and methods of customizing mental imagery training
exercises to meet the needs of trainees. In the next section, the researcher discusses several other
methods and strategies for enhancing the vividness of mental imagery and using it to supplement

physical training.
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Mental Imagery Training Methods

The research literature regarding the use of mental imagery to improve human
performance includes many examples of different methods and strategies used to implement
mental imagery training, including the use of mental imagery scripts, audio podcasts, and
relaxation exercises — all intended to guide and enhance the vividness and effectiveness of the
mental imagery experience. The purpose of this section is to briefly describe some of these
mental imagery methods because each is applicable to the proposed study to explore student pilot
perceptions about their use of mental imagery training. The researcher incorporated these
methods into the mental imagery training materials that the participants will use during this
study. To begin, the researcher discusses the Holmes and Collins (2001) PETTLEP model as it
will serve as the foundational mental imagery implementation strategy for this study.
The PETTLEP Model

Holmes and Collins (2001) developed the PETTLEP model of mental imagery, which
they based on fundamental cognitive neuropsychology and the findings of research studies
showing that the same neurophysiological processes involved in actual or physical movement are
also involved in mental imagery (Smith, Wright, Allsopp, & Westhead, 2007). Researchers view
these shared neurophysiological overlaps as “a possible explanation for the performance-
enhancing effects of imagery” (Smith et al., 2007, p. 80). According to Holmes and Collins
(2001), “if physical and mental practice are equivalent, then many of the procedures shown to be
efficacious in physical practice should also be applied in mental practice as well” (p. 62).
Therefore, the Holmes and Collins (2001) PETTLEP model of imagery includes seven elements
that imagery researchers, coaches, and users should consider when designing and implementing
mental imagery interventions in order to replicate the actual physical practice experience more

closely. These elements are the (P) Physical nature of the imagery experience; the (E)



MENTAL IMAGERY TRAINING 44

Environment where the imagery exercise occurs; the similarity of the imagined (T) Task to the
actual task; the (T) Timing or pace of the exercise; adjustments to the exercise based on (L)
Learning the task; the (E) Emotions involved in performing the task, and finally the (P)
Perspective in which the participant views their imaging, as in first person (internal) or as a
spectator (external) (Holmes & Collins, 2001). While it is not necessary to include all elements
of the PETTLEP model with each imagery intervention, Smith et al. (2007) proposed that such
interventions would be more effective by including more of them.

To further explore the effects of the PETTLEP model on athletic performance, Smith et
al. (2007) conducted two studies involving specific elements of the model. The first study,
which involved three different test groups and a control group of field hockey players, focused
primarily on the physical nature of the task of performing penalty flicks and the environment in
which the players performed their flicks. During the six-week intervention, all players in the test
groups performed their assigned imagery intervention every day for about ten minutes while the
control group players read field hockey literature. All participants completed their normal
practice and game schedule. The Group 1 players were the sport-specific group, and they
performed their imagery while wearing their hockey uniforms and standing on their team’s
hockey field. Group 2 players were the clothing group, and they performed their imagery in the
standing position at home while wearing their uniforms. Group 3 players were the traditional
group, and they performed their imagery in the seated position at home while wearing everyday
clothes. At the end of the six weeks, all players completed a video recorded assessment of
penalty flicks at an unguarded goal. While all groups showed improvement from pre-test scores,
“the sport-specific group scored significantly higher than the clothing group, which scored
significantly higher than the traditional imagery group” (Smith et al., 2007, p.86). All three of the

imagery groups scored significantly better than the control group. These results highlight the
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potential additional benefits of including multiple elements of the PETTLEP model to imagery
interventions. Furthermore, all imagery participants reported positive perceptions about the
effects of imagery on their performance (Smith et al., 2007).

In their second study, Smith et al. (2007) randomly assigned female gymnasts to one of
four groups — namely, a physical practice group, a PETTLEP group, a stimulus group, and a
control group to assess their improvement in performing a full turning straight jump on a balance
beam. In this study, the PETTLEP group participants used all seven of the PETTLEP model
elements during their imagery intervention sessions. This involved the participants reading a
descriptive imagery script immediately prior to each imagery exercise in an effort to help them
imagine the physical sensations of the task and the emotions felt prior to performing the task. To
address the environmental and physical components involved with the task, the gymnasts
performed their imagery while dressed in their normal gymnastics clothing and standing on the
beam in the same gym where they would complete their assessment. Furthermore, the script
instructed them to imagine each jump in real time from an internal perspective and to alter their
imagery tactics as they became more experienced and proficient (Smith et al., 2007). This last
element addressed the learning (L) component of the model. The stimulus group participants
read the same script as the PETTLEP group participants, but their imagery occurred at home
while dressed in everyday clothing. Both of these imagery groups performed the imagery
intervention sessions three times per week for about three to five minutes in which they imagined
the jump twice. These participants and the gymnasts in the control group refrained from
physically practicing the jump during the six weeks of the study. The physical practice group did
not complete any imagery interventions and instead, they performed two practice jumps on the

beam three times per week.
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The results of the second Smith et al. (2007) study revealed significant improvement of
both the physical practice group and the PETTLEP group in performing the balance beam
jumping turn. Although the stimulus group scores also improved, the improvement was not
statistically significant from the control group, which actually showed a decline in skill.
However, the remarkable finding of this study was that the PETTLEP group’s improvement and
performance scores were such that “PETTLEP imagery appeared to be as effective as physically
performing the task” (Smith et al., 2007).

In a different study, Wright and Smith (2007) compared the effects of using the
PETTLEP model of imagery practice to the use of traditional imagery practice methods and
physical practice alone to improve cognitive task performance. This study involved eighty
college students randomly assigned to one of four groups based on the intervention they would
receive after completing a pre-test involving a timed video game exercise in which they
maneuvered a race car around a track by use of the arrow keys on a computer keyboard. To
address the physical element, participants in the PETTLEP group completed their imagery
intervention training while seated at the same computer where they could touch the keys of the
keyboard. The traditional imagery group completed imagery training in a different room with
their eyes closed. The physical practice group completed additional practice races using the
same computer. The post-test results showed that the PETTLEP group’s performance increase
was similar to the physical practice group’s performance and that both of these groups’
performance increase was significantly higher than the imagery only and control groups (Wright
& Smith, 2007).

The results of these and similar studies to explore the effects of incorporating the
elements of the PETTLEP model into mental imagery training interventions support the use of

this model as a guide for developing the imagery training interventions used in the proposed
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study. As such, the mental imagery training materials provided to each participant include
suggested techniques they can use to incorporate as many of the PETTLEP elements as they
desire. For example, the imagery guide advises the student pilots to try practicing their flight
skills while seated in a static aircraft parked on the ramp of their training airport while wearing
the same clothes and flight gear they normally wear when they physically practice, such as their
kneeboard and aircraft headset. This strategy addresses the physical (P) and environmental (E)
elements of the PETTLEP model and provides students an opportunity to experience multiple
aspects of actual flight training as they perform their imagery exercises. This includes seeing the
components of the instrument panel; moving the control yoke and throttle; sensing their weight
and body position in the pilot seat; operating the rudder pedals; and taking in the smells of the
cockpit.

Furthermore, to address other elements of the PETLEP model, the guidance materials
used in the proposed study include several mental imagery scripts, similar to those used in the
Smith et al. (2007) study, to guide the participants’ imagery as they mentally practice performing
their flight tasks. For example, some of the scripts include prompts to cause the participants to
think about how they are feeling emotionally as they perform specific maneuvers. This addresses
the emotional (E) element of the PETTLEP model. In addition, the scripts encourage participants
to alter their imagery perspective at times, which addresses the second (P) of the PETTLEP
model. The student pilots can either read these scripts to themselves, listen to them as someone
else reads them aloud, or listen to them via an audio recording. While listening to the scripts in
the natural environment, students can close their eyes and follow along as they manipulate the
flight controls and mimic the physical inputs required during each procedure and maneuver.
However, for mental imagery scripts to be most effective, script developers should consider

adhering to certain des