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ABSTRACT

The US Air Force (USAF) today faces a changing landscape in modern warfare, where pilots are expected to operate
in highly technological environments requiring an increased amount of information synthesis and other skills
commonly known as “airmanship.” They will also be expected to adapt to fast-paced changes in technology and the
accompanying strategy and tactical application. It was proposed that traditional training programs were not going to
meet this need, and AETC set out to modernize its pilot training programs to better prepare the graduates by leveraging
a variety of training simulation technologies such as Virtual Reality (VR) as well as modern learning methods to
rebuild and modernize the Undergraduate Pilot Training (UPT) curricula. Although the performance standards for
graduation had not changed, the training incorporated more dynamic training scenarios to further develop competency
beyond basic proficiency. In particular, these curriculum changes were intended to focus on five objectives: (1) Enable
seamless access to content, (2) transition the curricula to learner-centered training, (3) integrate immersive technology,
(4) deliver quality instruction, and (5) optimize human performance. AETC senior leaders wanted additional,
empirical evidence to determine if the new curricula were more effective than the legacy curricula as measured by
performance of students from both programs. They chartered a study involving the development of controlled flight
profiles and a battery of performance measures to capture a variety of performance subdimensions (e.g., mission
planning, basic aircraft control, task management). The purpose of this study is to answer questions about the
effectiveness of the revised curricula in the Pilot Training Transformation format and capture “lessons learned” that
can inform a continuous improvement approach to UPT.
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INTRODUCTION

The US Air Force (USAF) today faces a changing landscape in modern warfare, where pilots are expected to operate
in highly technological environments requiring an increased amount of information synthesis and other skills
commonly known as “airmanship.” They will also be expected to adapt to fast-paced changes in technology and the
accompanying strategy and tactical application. It was proposed that traditional training programs were not going to
meet this need, and AETC set out to modernize its pilot training programs to better prepare the graduates by leveraging
a variety of training simulation technologies such as Virtual Reality (VR) as well as modern learning methods to
rebuild and modernize the Undergraduate Pilot Training (UPT) curricula. Although the performance standards for
graduation had not changed, the training incorporated more dynamic training scenarios to further develop competency
beyond basic proficiency. In particular, these curriculum changes were intended to focus on five objectives: (1) Enable
seamless access to content, (2) transition the curricula to learner-centered training, (3) integrate immersive technology,
(4) deliver quality instruction, and (5) optimize human performance. AETC senior leaders wanted additional,
empirical evidence that the new curricula were more effective than the legacy curricula as measured by performance
of students from both programs. They chartered a study involving the development of controlled flight profiles and a
battery of performance measures to capture a variety of performance subdimensions (e.g., mission planning, basic
aircraft control, task management). The purpose of this study is to answer questions about the effectiveness of the
Pilot Training Transformation (PTT) approaches and capture “lessons learned” that can inform a continuous
improvement approach to UPT.

This study compared performance of recently graduated pilots who completed either the legacy curriculum (i.e., 2.0)
or the revised curriculum (2.5). USAF UPT involves three phases, with the first focusing on academics and the second
teaching students how to fly the T-6 Texan and allowing them to earn their pilot wings. For the third phase of training,
students choose a track related to three primary classes of aircraft: fighters/bombers, airlift/tankers, and helicopters.
Graduates selected to fly fighters/bombers next train on the T-38 Talon aircraft while graduates selected to fly
airlift/tankers train on the T-1 Jayhawk aircraft. Curriculum version was always between both aircraft that the student
was trained on (e.g., students who completed the 2.0 curriculum for the T-6 also completed the 2.0 curriculum for
training in either the T-38 or T-1). There were comparatively few graduates selecting the helicopter track and therefore
were not included in this evaluation. To gain a better understanding of the long-term effects of the new curriculum on
student performance, we examined students after the second (T-6) and third phases (T-38 or T-1) of training. (See
Meek, Hoelscher, Danley, & Brown, 2022 for a concurrent study being conducted on the T-38 and T-1 platforms as
part of the PTT initiative.)
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In contrast to previous examinations of pilot curriculum, which often focus on institutional assessment data collected
while training in live aircraft, the present study uses data from scientifically developed flight profiles to be performed
in a simulator. Profiles were designed by instructor pilots (IPs) to be sufficiently challenging and to include task
saturated environments (e.g., emergency procedures, in-flight mission planning) that would have been impossible to
script and standardize in live flight. Using flight simulators to evaluate student pilot performance is a valid approach
that has been long supported (Bell & Waag, 1998; Hays, Jacobs, Prince, & Salas, 1992; Macchiarella, Arban, &
Doherty, 2006). Student performance data were obtained using scientifically developed rating forms with easily
observable behaviors. IPs were formally trained on use of the new rating forms that involved calibration sessions to
improve inter rater reliability. This scientific approach (i.e., controlled flight profile, new rating form) was intended
to generate sufficient variance in student performance data than exists in institutional training assessment data (i.e.,
gradebooks) which tend to be extremely negatively skewed with minimal variance.

METHODS
Participants

Participants included 150 Undergraduate Pilot Training (UPT) students stationed at either Vance Air Force Base (Enid,
OK) or Randolph Air Force Base (San Antonio, TX) and enrolled in either the traditional UPT curriculum (2.0) or the
revised curriculum (2.5). Table 1 shows participant demographic information grouped by training location,
curriculum version, and aircraft. The evaluation described in this paper followed students through two of their training
phases, thus, some participants are counted in more than one group. Less than 3 percent of participant data was
incomplete due to external factors.

Table 1 Participant Group Enrollment

Vance Randolph Overall
T-6
2.0 Sample Size 51 0 51
Age (yrs) 25.04 25.04
Flight Experience (hrs) 145.5 1455
2.5 Sample Size 72 28 100
Age (yrs) 24.81 26 2541
Flight Experience (hrs) 199.8 136.28 336.08
T-1
2.0 Sample Size 48 0 48
Age (yrs) 25.9 25.9
Flight Experience (hrs) 206.1 206.1
2.5 Sample Size 51 0 51
Age (yrs) 26.19 26.19
Flight Experience (hrs) 330 330
T-38
2.0 Sample Size 21 0 21
Age (yrs) 25.28 25.28
Flight Experience (hrs) 178.6 178.6
2.5 Sample Size 30 0 30
Age (yrs) 25.4 25.4
Flight Experience (hrs) 258.9 258.9
Procedures

Upon graduating from their respective course, each student was scheduled in a simulator to fly the profile with an IP
as evaluator. The student watched a video describing the purpose of the study. The IP provided a Non-Disclosure
Document (NDD) that indicated students are prohibited from sharing any information about the profile to ensure all
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students experienced the profile with no advanced knowledge. The student completed a survey instrument that
collected information about demographics and prior flight experience.

Mission Planning and Brief

The Mission Planning assessment allowed the rating Instructor Pilot (IP) to record the cognitive frameworks used by
students to plan their tasks and determine if mission planning requirements were met, which provided valuable context
for the IP to assess piloting skills during the profile. Students were given 45 minutes to prepare for the T-6 simulator
profile, 25 minutes to prepare for the T-1 simulator profile, and 30 minutes to prepare for the T-38 simulator profile.
The allowable times were established by IPs based on how much time should be required to plan each respective
profile. The student briefed their mission plan to the IP who assessed the student using the nine-item Mission Planning
Assessment measure with a five-point Likert Scale (Strongly Disagree to Strongly Agree) and a N/A option. After the
brief, the IP asked the student, “How confident do you feel that UPT prepared you for your next phase of training?”’
Response options were recorded on a five-point Likert Scale with anchors that included Not at all Confident, Slightly
Confident, Moderately Confident, Confident, and Very Confident.

Simulated Flight Profiles

Participants completed a simulated flight profile. Each platform had a unique flight profile that was developed through
knowledge elicitations with SMEs. The profiles were designed to be challenging for the students and included high
task saturation during later segments on the flight that required students to demonstrate airmanship capabilities.

Each flight profile began with a Ground Ops phase when the student ran a modified preflight checklist. The profile
was divided into “legs” related to waypoints along a route. Legs included three phases of flight, a) departure; b) en
route, and c) approach. During the profile, students were expected to complete standard flying tasks (e.g.,
communicating with Air Traffic Control (ATC), leveling off at safe altitudes, managing radios, setting and maintaining
course) in addition to maintaining basic aircraft control and prioritizing tasks appropriately. The profiles were designed
to enable the assessment of eight airmanship capabilities: proactivity, adaptability, task management and prioritization,
communication, risk management and decision making, situational awareness, general knowledge of complex
systems, and information management.

Proficiency was observed and assessed by IPs during the profile. The instrument used a three-point rating scale
including Ineffective, Moderate, and Effective, as well as an option for “Did not accomplish.” This option was selected
if the student did not attempt the task in question, either because the student should have performed task and did not
or because completing the task would not have been appropriate considering their previous actions. For the former
situation, IPs selected the “Did not accomplish” option and also rated the task as Ineffective. Proficiency assessments
were completed for various tasks in each segment of the flight simulation. Failure Analysis was a count of the number
of tasks IPs had rated as Ineffective.

Misprioritized Tasks were tasks executed earlier than what IPs consider an acceptable window of execution. This was
a subjective assessment by the IP based heavily on the student’s situation. IPs indicated many flight tasks can be
accomplished in different orders, but there are some tasks that if not accomplished during limited windows could
introduce unnecessary risk by displacing task(s) that could create future task saturation. For tasks considered to be
misprioritized, the IP would record a check mark.

Late Tasks were tasks executed later than what IPs consider an acceptable window of execution. Similar to
misprioritized tasks, late tasks were a subjective assessment by the IP based heavily on the student’s situation. For
tasks that fell into this category, the IP would record a check mark in the column labeled Too Late.

Task Management (TM) and Basic Aircraft Control (BA) were repeated measures that assessed these skills at multiple
times during the three legs. As opposed to the specific task Proficiency items, these repeated measures were intended
to capture more generally how a student was performing since the last time they were rated on that item. Task
Management refers to how well they were managing the numerous tasks they needed to complete. Task Management
was not assessed separately in the T-38 platform. Instead, IPs were instructed to incorporate “task management” as a
component in the ratings for all items. Basic Aircraft refers to their flying skills (e.g., maintaining a glide path). Scores
obtained from these repeated measures were aggregated within each leg and across all three legs.
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In the earlier phase of training on the T-6 platform, difficulty was manipulated across the different legs of the flight.
In order to capture performance as a function of difficulty, periods with high task loads were identified. These Task
Saturation Events were assessed for each leg by aggregating the Proficiency value for each of these high load. During
the later phase of training (i.e., T-1, T-38) after students’ abilities were more advanced, profiles were designed to
involve a consistently high level of task saturation for the duration of the profile. As such, Task Saturation Events
were not assessed in the T-1 or T-38 platforms.

Crew Management was assessed in the T-1 platform. The purpose of this repeated item was to assess how the student
communicated with and utilized crew resources, including the copilot. This measure was not relevant to the T-6 or T-
1 platforms, which are single seat aircraft.

Post-Mission Assessments

After the student completed the simulator profile and presented a debrief to the IP, the IP completed a Post Mission
Assessment where they reflected on the student performance across the entire profile to make cumulative assessments.
An example of an item is, “Did they send communications effectively?” Response options varied for each item but
followed a general format: A. <50% of the time, B. 50-80% of the time, C. 80+% of the time.

Analyses

Statistical analyses were performed using SciPy in Python 3.7. Because observations were not normally distributed,
parametric statistical analyses were not appropriate for this dataset. Instead, student performance comparing the legacy
2.0 versus the revised 2.5 curricula were assessed using a between-subjects Wilcoxon Mann-Whitney U test.
Comparisons were considered statistically significant when their p-value was less than 0.05.

RESULTS

The following section contains three tables showing a comparison of the performance of pilots who received the legacy
2.0 syllabus with those who received the 2.5 syllabus.

T-6

The primary objective of the study was to determine if the T-6 2.5 curriculum resulted in student pilot performance
that was equal to, or above, pilot proficiency acquired using the 2.0 curriculum. Table 1 and Figure 1 provide summary
statistics for student pilot performance across nine aggregate performance metrics. Two-tailed Mann-Whitney tests
indicated students who received the 2.5 curriculum had better ratings than the 2.0 students across all metrics, with
statistically significant differences on mission planning (U = 1960.5, p = 0.031), basic aircraft control (U = 1640.5, p
<0.001), task management (U = 1370, p < 0.001), proficiency (U = 1430.5, p < 0.001), post mission assessment (U =
1434, p <0.001), and task saturation (U = 1164, p < 0.001). Similarly, 2.5 students executed fewer tasks ineffectively
than 2.0 students (U = 3451.5, p < 0.001) and made fewer timing errors (U = 3585, p < 0.001). The 2.5 curriculum
students also made fewer mis-prioritized errors than 2.0 students, however, this result was not statistically different
(U =2825, p = 0.255).
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Table 1 Comparison of students in the 2.0 versus 2.5 curriculum for the T-6.

Performance Metric 2.0 (mean) 2.5 (mean) 2.5 Change p
Mission Planning (6pt Likert scale) 3.06 3.45 _ 0.031
Basic Aircraft Control (3pt effectiveness scale) 2.45 2.63 _ <0.001
Task Management (3pt effectiveness scale) 2.37 2.63 _ <0.001
Misprioritized Tasks (count of misprioritized tasks*) 3.53 2.01 -1.52 0.255
Late Tasks (count of late tasks*) 8.51 385 [EGENN <o.001
Proficiency (3pt effectiveness scale) 2.71 2.81 _ <0.001
Post Mission Assessment (3pt frequency scale) 2.13 2.47 _ <0.001
Task Saturation Events (3pt effectiveness scale) 2.50 2.70 _ <0.001
Failure Analysis (count of ineffective tasks*) 14.00 8.52 _ﬂ

* Lower scores = better performance; dark green = 2.5 significantly better than 2.0; light green = 2.5 nominally better
than 2.0; dark red = 2.5 significantly worse than 2.0; light red = 2.5 nominally worse than 2.0
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Table 2 and Figure 2 compare of students who of the legacy 2.0 syllabus during T-1 training and those of the Air
Mobility Fundamentals-Flying (AMF-F) version of the 2.5 syllabus. A Mann-Whitney test indicated students who
received the 2.5 curriculum had significantly fewer late tasks (U = 1576, p = 0.011) than those who received the 2.0
curriculum. Further, the students of the 2.5 curriculum misprioritized fewer tasks (U = 1621, p < 0.001) than those of
the 2.0 curriculum. There were no significant differences between the two groups on the remaining metrics.
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Table 2 Comparison of students in the 2.0 versus 2.5 curriculum for the T-1 AMF-F.

Performance Metric 2.0 (mean) AMF-F (mean) AMF-F Change p

Mission Planning (6pt Likert scale) 371 3.71 0.00 0.939
Basic Aircraft Control (3pt effectiveness scale) 2.58 2.57 -0.01 0.693
Task Management (3pt effectiveness scale) 2.61 2.54 -0.07 0.214
Crew Management (3pt effectiveness scale) 2.68 2.69 0.01 0.920
Misprioritized Tasks (count of misprioritized tasks*) 1.00 0.25 _ <0.001
Late Tasks (count of late tasks®) 2.50 1.37 _ 0.011
Proficiency (3pt effectiveness scale) 2.60 2.59 -0.01 0.575
Post Mission Assessment (3pt frequency scale) 2.47 2.42 -0.05 0.831
Failure Analysis (count of ineffective tasks*) 13.77 15.02 1.25 0.402

* Lower scores = better performance; dark green = 2.5 significantly better than 2.0; light green = 2.5 nominally better
than 2.0; dark red = 2.5 significantly worse than 2.0; light red = 2.5 nominally worse than 2.0
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Figure 2. Box and whisker plots of T-1 legacy 2.0 (red) and revised AMF-F (light blue) curricula.
T-38

Table 3 and Figure 3 compare students who received the legacy 2.0 syllabus during T-38 training and those who
received the 2.5 syllabus. Mann-Whitney tests indicated there were no significant differences between the two groups
on any performance metrics.
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Table 3 Comparison of students in the 2.0 versus 2.5 curriculum for the T-38.

Performance Metric 2.0 (mean) 2.5 (mean) 2.5 Change p
Mission Planning (6pt Likert scale) 3.95 4.18 0.23 0.313
Basic Aircraft Control (3pt effectiveness scale) 2.58 2.54 -0.04 0.723
Misprioritized Tasks (count of misprioritized

task[s)*) ( P 4.19 377 -0.42 0.496
Late Tasks (count of late tasks*) 5.95 6.87 0.92 0.463
Proficiency (3pt effectiveness scale) 2.83 2.82 -0.01 0.947
Post Mission Assessment (3pt frequency scale) 2.40 2.61 0.21 0.085
Failure Analysis (count of ineffective tasks*) 6.71 757 0.86 0.908

* Lower scores = better performance; dark green = 2.5 significantly better than 2.0; light green = 2.5 nominally better
than 2.0; dark red = 2.5 significantly worse than 2.0; light red = 2.5 nominally worse than 2.0
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Figure 3. Box and whisker plots of T-38 legacy 2.0 (red) and revised 2.5 (blue) curricula.

DISCUSSION

Overall, the results of the study provide evidence the revised 2.5 curricula, relative to the legacy 2.0 curricula,
produced pilots who performed at an equal or higher ability than their peers.

The most notable differences between the graduates of the two curricula were seen in the T-6 platform—the earlier
phase of Undergraduate Pilot Training (UPT). Students of the 2.5 curriculum outperformed students of the 2.0
curriculum on all but one outcome metric, misprioritization. Interestingly, while performance on misprioritization did
not differ between students of the two curriculums, graduates of the 2.5 curriculum did perform nominally (but not
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significantly) better than graduates of 2.0 curriculum. These results could suggest the 2.5 curriculum was effective in
improving the quality of UPT graduates on the T-6 platform.

Benefits of the new curriculum were less pronounced in the later phase of training (e.g., as students began to specialize
in either the T-1 or T-38 platform). For the T-1 students, 2.5 graduates misprioritized significantly fewer tasks and
were late on fewer tasks than the 2.0 graduates. For most other tasks, student performance was nearly identical. The
one area where 2.5 graduates performed nominally (but not significantly) worse than 2.0 graduates was on the number
of ineffective tasks; however, the difference amounted to an average of only 1.25 more items as being rated as
ineffective compared to graduates of the 2.0 curriculum. It is worth noting that the flight hours in 2.5 curriculum for
the T-1 was half of that of the 2.0 curriculum, having been re-focused on the most important unique aspects of T-1
flight (e.g., crew coordination, decision making). As such, the results of the analyses suggest that for the T-1, 2.5
graduates were trained up to an equal performance level as the 2.0 graduates, but in less time.

For the T-38 platform, 2.5 graduates performed at an equally high level as 2.0 graduates on all outcome metrics.
Similar to results from the T-1 students, the T-38 2.5 graduates performed nominally (but not significantly) worse,
having a greater number of ineffective tasks relative to 2.0 graduates. 2.5 graduates also produced a nominally greater
(but not significantly) number of late tasks than their 2.0 graduates. Again, in both cases, the differences were minimal
with less than a single item difference between the two groups. Thus, the results for the revised curricula for both the
T-1 and T-38 produced graduates at similarly proficiency levels as the 2.0 graduates.

Recommendations for Further Curriculum Comparisons

Overall, results of the study suggest the 2.5 curricula were highly effective in producing graduates of an equal or
higher caliber as the 2.0 curricula. In the later phases of training, three areas were noted where performance was
nominally worse for graduates of the 2.5 curricula compared to the 2.0 curricula (i.e., T-1 Failure Analysis, T-38 Late
Tasks, T-38 Failure Analysis). Future examinations of the revised curricula could probe these analyses for potential
areas of improvement. However, it is important to note that because neither the overall analysis nor any of the analyses
for the individual items were significant, any group differences may reflect statistical noise rather than actual effects.
As such, we refrain from making suggestions for any substantive changes to the 2.5 curricula.

With respect to future studies, the data collection required a high level of effort from Instructor Pilots, who performed
rater duties in conjunction with completing their normal daily roles and responsibilities. Instructor expertise is vital
when developing an evaluative scenario containing events that cue key pilot behaviors. These behaviors demonstrate
student skills and knowledge absorbed during their training, and those outcomes support determinations of training
effectiveness. Rating these behaviors while students are in the simulator, often across multiple dimensions and for the
full duration of a simulated scenario, is a mentally strenuous and fatiguing task. In future curriculum evaluations, the
inclusion of supplemental system-based measures (e.g., Air Force Research Lab’s Performance Evaluation and
Tracking System; PETS) of student behavior, built into training devices and developed in accordance with defined
training objectives, could provide reliable and meaningful objective performance data while reducing the demand on
IP resources.

Conclusions

In this study, we examined student flight performance between graduates of the traditional legacy UPT curricula (2.0)
compared to a revised curricula (2.5) which included a number of changes unique to each phase of training. Results
revealed the revised curriculum had dramatic effect on student performance during the earlier phase of training (i.e.,
on the T-6 platform), where graduates of the 2.5 curriculum outperformed graduates of the 2.0 curriculum on nearly
every outcome measure. In the later phase of training on the T-1 or T-38 platform, students in the 2.5 curricula were
shown to have an equally high quality of performance as 2.0 graduates across most metrics. In no case did the 2.5
graduates perform significantly worse than the 2.0 graduates. As such, results provide strong evidence the revised
curricula produce graduates of a high caliber.
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