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Abstract

One of the key elements to NextGen is the transition from the current ground- based
radar monitoring system to a satellite-based system using the Automatic Dependent
Surveillance-Broadcast System (ADS-B). The FAA has set a mandate which requires all
aircraft to be ADS-B equipped by the year 2020 in order to continue operating in the
National Airspace System. However, the FAA has not set forth any training requirements
for aviation instructors or designated examiners. This study looked at how ADS-B is
currently being taught among aviation educators across the United States and how
important this training is to current aviation curriculum. With the information collected, it
was determined that only a minimal amount of ADS-B training is currently taking place
across the country, and the training that is taking place is non-standardized and limited
due to the perception that ADS-B is only to be used as a traffic advisory tool. There was
significant difference in the perceived importance of ADS-B, t(73) = -2.79, p < .01
between the flight instructor group and the group containing mostly professors and
administrators. Also, a significant difference was found in the comparison of perceived
importance and institution, t(73) = -3.11, p < .01. There was no significance found when
comparing the perceived importance of ADS-B training to the number of years a
respondent had worked as an aviation educator, F(1,73) = .44, p = .508 or the number of
hours a respondent had received ADS-B training, F(1,60) = .15, p = .699. There was also
no significant difference in the perceived importance of ADS-B training dependent upon
if participants operated in a geographic location that had ADS-B coverage, t(73) = -1.88,
p =.063. Several factors were discovered as to why there seems to be no current urgency
among aviation educators to train their students in this new technology. In addition,
recommended steps the FAA could take in order to help aviation educators with the
ADS-B training process were suggested.

Introduction

As the number of flights across the U.S. grows, the current system is causing traffic
delays in order to maintain high levels of safety. The Federal Aviation Administration
(FAA) estimates that by 2025, the U.S. will average over 128,000 flights per day (FAA,
2010). If a fundamental change to our current system does not occur, the U.S. could see
large-scale gridlock in the sky that could cost the U.S. economy $22 billion annually
(FAA, 2010).

The current solution is the FAA’s Next Generation Air Transportation System
(NextGen). NextGen represents a large-scale redesign of the National Airspace System
(NAS), including upgrades in safety, environmental performance, and airport
infrastructure (FAA, 2012). The most critical aspect of the NextGen plan is transitioning
our air traffic control ground-based radar system to a satellite-based system that will
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allow pilots and controllers to have access to and share all available information. With
this transition from the current ground-based radar system to the satellite-based system,
pilots will need to train in new technology such as ADS-B. Currently, however, there are
no stated training requirements or proposed training lists for instructors or FAA
examiners to determine if a student has adequate ADS-B knowledge.

Background Information and Review of Literature

Over the last few decades, computer technology advancement has led to sophisticated
flight deck technology (Young & Fanjoy, 2003). Global Positioning Systems (GPS),
Glass Cockpits, Flight Automation, and now ADS-B are giving pilots more information
and tools to use than ever before. However, as Technically Advanced Aircraft (TAA)
have been integrated into the general aviation population, one of the key issues is
informing pilots how to take advantage of the increased safety opportunities that are
available (Dornan, Beckman, Gossett, & Craig, 2005). Part of this inquiry into training
was caused by an observed increase in fatal accidents in TAA at a time when it was
expected that new technology should be causing a decrease in fatal accidents (Fiduccia et
al., 2003).

A study of four-year collegiate aviation programs suggested that elements of glass
cockpit technology, in some cases, received little or no consideration within the
institutions’ flight-training curriculums (Young & Fanjoy, 2002). The study also found
that, due to the cost of acquiring appropriate instructional materials, a number of college
aviation departments had decided that the responsibility for this advanced training more
appropriately belonged with the employing airlines (Young & Fanjoy, 2002).

Several government institutions and universities agreed to investigate how flight
training needed to adapt for TAA. One of these teams, the General Aviation Joint
Steering Committee (GAJSC), suggested that the current training format in the general
aviation industry was insufficient to exploit the additional safety features of TAA’s, and
that there was a need to develop a specific TAA training program (Fiduccia et al., 2003).

The purpose of this study was to see what level of ADS-B training was currently
taking place in collegiate aviation institutions, and whether the perceived value of ADS-B
training was significantly different between aviation educators who provided ADS-B
training and those educators who did not provide ADS-B training. It also looked at the
types of media and methods some institutions were currently using to teach ADS-B
information, and whether more specific training requirements from the FAA would help
to increase the efficiency of ADS-B training.

Methodology
Participants
The sample for this study consisted of aviation educators working in four-year

colleges and universities who were members of the University Aviation Association. In
order to keep the sample size at a reasonable number, only those members listed in the
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University Aviation Association’s Collegiate Aviation Guide (2008) who offered
flight/pilot programs were considered. Following these criteria, the sample for the study
was 85 educators from various aviation institutions around the country.

Materials

The survey tool and methodology was adapted with permission from the study
completed by Young and Fanjoy (2002). Their study examined how glass cockpit
training was being addressed in collegiate flight programs and contained numerous
similarities to this study. In 2002, glass cockpit aircraft were considered a new
technology, and many aviation educators were in the beginning stages of trying to
implement these systems into their training. Today, glass cockpits are more common in
aviation training while ADS-B is considered new technology.

Procedures

To collect data for this study, emails with a link to an electronic survey were sent to
individuals listed as the point of contact in the University Aviation Association’s
Collegiate Aviation Guide (2008). These individuals were asked to forward the survey
link on to any educators working directly with students in their pilot training programs.
Due to the recent addition of ADS-B, it might have been ineffective to try to target only
one particular person within each institution, so opening the survey to all educators
within the institutions allowed for the largest amount of useable data. This group was
called the “General Sample.”

A separate email was also sent directly to Chief Flight Instructors at two aviation
institutions that have ADS-B coverage and the majority of their aircraft equipped with
ADS-B. The Chief Instructors were asked to send the email and survey directly to their
flight instructors. The survey they received was identical to the survey sent out to other
points of contact; however, the data was tabulated separately. This response group was
referred to as the “Flight Instructor Sample.”

Based on previous research, it was expected that because of their size, there would be
a higher response rate from these two particular institutions than other institutions
surveyed (FAA, 2010). There was a fear that the data could become skewed, showing
that a significant amount of aviation educators currently had and were using ADS-B,
when research suggested otherwise. By separating the data of these two institutions, the
study gained a more accurate picture of current ADS-B use while having the ability to
make comparisons between the two groups.

Results

Fifty-six (65.8%) of the participants were line flight instructors, 17 (20%) were chief
flight instructors or managers, 6 (7%) were department chairs or directors, and 6 (7%)
were professors. The mean number of years the participants had worked as aviation
educators was 5.11 with the maximum number of years being 35 and the minimum
number of years being less than 1.
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When asked about the current state of ADS-B coverage in the participants’ geographic
areas, 61 (71.8%) stated they had ADS-B coverage while 14 (16.5%) stated they did not
have coverage; 10 of the participants did not answer the question. When broken down
further, 13.3% from the general survey stated that they had ADS-B coverage in their
regions while 66.6% stated they did not have coverage; 20% chose not to respond. The
total sample reported that 78.49% of the aircraft used for training at the participants’
institutions were equipped with ADS-B hardware, but the general survey reported only
6.25% of the aircraft were equipped with ADS-B hardware.

Subjects were asked how many hours of ADS-B training their students received. The
mean was 19.63 hours with the maximum being 200 and the minimum being .5. Three
outliers of 30, 190, and 200 existed, but with the outliers removed from the data, the
mean dropped to 3.06 hours. Subjects were also asked to report how many hours of
training they themselves had received. The mean for this question was 35.88 hours with
the maximum being 1400 and the minimum being 0. Again, with this analysis we saw
outliers of 1400, 450, 270, and 100. With the outliers removed, the mean dropped to 1.8
hours.

Educators were asked if the institutions they worked for were currently teaching
anything about ADS-B. 50 (58.82%) responded that ADS-B was being taught while 25
(29.41%) reported that ADS-B was not being taught at all; 10 (11.76%) did not respond.
When looking at the general survey responses, 5 (33.33%) responded that there was some
sort of ADS-B training taking place while 7 (46.66%) reported that no training was
taking place. In this group, 3 (20%) chose not to respond. Of the educators who said
training was currently taking place in their institutions, 11 (22%) said the training was
happening in flight, 8 (16%) said it was taking place in ground school, and 22 (44%) said
the training was taking place in both ground school and in the flight training; 9 (18%) did
not answer.

The educators who stated their institutions did not currently teach ADS-B to their
students were asked if they planned to teach it in the near future. Qualitatively, two
themes emerged from this question: (a) respondents felt that there were no current formal
plans to start teaching ADS-B in the future and (b) respondents did not know if their
institution had plans to start teaching this technology in the near future.

Subjects were asked to rate how effective different media and methods were in trying
to educate students about ADS-B. The subjects had the option to rate five different
training methods on a five-point scale, with 1 representing “Very Effective” and 5
representing “Not Effective.” Subjects also had the option to choose “Not Applicable.”
The greatest response for effective training material was in “Training Aircraft” with 35,
followed by “Lecture” with 31, “Internet” with 28, “Flight Simulator” with 19, and
“Video” with 18. The highest percentage of effectiveness was seen in “Training
Aircraft,” which had a mean score of 1.57. The lowest percentage of effectiveness was
seen in “Lecture,” which had a mean score of 3.00.
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Table 1
Effectiveness of Training

Training Lecture Video Internet Simulator  Aircraft
Option
Very Effective  2(6.45%) 2(11.11%) 3(10.72%) 5(26.32%) 22(62.86%)
Between 2(6.45%) 9 (50%) 7 (25%) 7(36.84%) 8 (22.86%)
Effective 23(74.2%) 6(33.33%) 16(57.14%) 4(21.05%) 4 (11.43%)
Between 2(6.45%) 1(5.56%) 2(7.14%) 0 (0%) 0 (0%)
Not Effective  2(6.45%) 0 (0%) 0 (0%) 3(15.79%) 1 (2.85%)
Not Applicable 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Table 2
Effectiveness of Methods and Media
Effectiveness N Minimum Maximum  Mean
Statistic Statistic Statistic Statistic Std. Error
Lecture 31 1 5 3.00 147
Video 18 1 4 2.33 181
Internet 28 1 4 2.61 .149
Simulator 19 1 5 2.42 .309
Aircraft 35 1 5 1.57 .155

Educators were asked to respond to how the FAA’s input or lack of input was
affecting their ADS-B training. Themes that were discovered from educators’ responses
were that the FAA’s lack of input had a significant effect on them not being able to train
students and that more guidance from the FAA would help with their abilities to
effectively teach about this new technology.

Respondents were also asked to select types of things the FAA could provide to
support ADS-B training. They could select “PTS Standards,” “access to training
material,” and “access to ADS-B equipment.” Respondents also had the option to write in
responses. Responses included the following: 35.3% (n = 30) stated that training material
provided by the FAA would help to support their ADS-B training, 27% (n = 23) said
access to ADS-B equipment would help, while 18.9% (n = 16) said PTS Standards would
be helpful. Other write-in comments suggested the FAA could provide online training
materials, ADS-B simulators, and broadcast ADS-B nationwide.

Respondents were asked how important ADS-B training was to meeting the goals of
their curriculums. The variables evaluated were: institutions that currently taught ADS-B
versus those that did not, years worked as an aviation educator, hours of ADS-B training
received, ADS-B coverage, and a comparison of the general population versus the flight
instructor population. t-Tests were utilized for comparisons with two means, while One-
Way ANOVA was used for groups with more than two means.

There was significant effect found for the perceived importance of ADS-B training
between samples, t(73) = -2.79, p < .01 with the flight instructor group perceiving ADS-
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B training to be more important than the general sample consisting of mostly professors
and administrators.

Significance was also found between perceived importance and whether educators
worked in institutions that were currently teaching ADS-B, t(73) = -3.11, p < .01 with
educators working in institutions that teach ADS-B finding the training more important.
There was no significance found when comparing the perceived importance of ADS-B
training to the number of years a respondent had worked as an aviation educator, F(1,73)
= .44, p = .508 or the number of hours a respondent had received ADS-B training,
F(1,60) = .15, p = .699. There was also no significance found when comparing the
perceived importance of ADS-B training to whether an educator’s geographic location
had ADS-B coverage, t(73) =-1.88, p = .063.

Discussion and Conclusion

The results of this study indicate that currently there is a minimal amount of ADS-B
training taking place across the country. Some of the training that is happening appears
un-standardized, sporadic, and untested. From the total sample, it was reported that the
average number of hours that students were receiving ADS-B training was 19.629 hours.
Earlier, it was mentioned that with three outliers removed, the average dropped
dramatically to 3.06 hours of training. It is believed that the mean with the outliers
removed produces a more accurate reading of the current state of ADS-B training. It is
extremely unlikely that any student would receive 30, 190, or 200 hours of ADS-B
instruction during their flight training. It is more likely that the respondents interpreted
the question as asking how many hours their students train in an aircraft with ADS-B
technology.

The same response occurred with the number of hours of ADS-B training the aviation
educators stated they had received. The mean for this question was 35.88 hours with
multiple outliers. With the outliers removed, the average dropped significantly to 1.8
hours. As discussed before, this would seem to be a more appropriate mean to the
question. The means for these questions were reached by using the numbers from the
total sample. This indicates, even with the responses from two institutions that are known
to have ADS-B coverage and have roughly 92% of their aircraft equipped with ADS-B
technology, that still only a small amount of time is spent educating students about this
technology. When looking at the responses from the general sample, the mean drops to
0.46 hours of training. Again, due to the small size of the general sample, this number
may fluctuate with future studies; it is an indication, however, that very little time is
currently spent on ADS-B training.

The conclusion that only minimal training is currently taking place is also seen in the
percentage of institutions that are currently teaching ADS-B technology. It was reported
that of the total sample, 58.82% were teaching ADS-B in some form. This seems to
suggest that over half of all institutions are training on this new technology. However,
once again, the total sample of this study includes numerous survey responses from two
institutions, which are known to have ADS-B coverage and have ADS-B equipped
aircraft. These institutions were also sent the survey directly instead of through the UAA
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representative. Because of this, we must look at the responses from the general sample;
this group indicated that only 33.33% of the institutions are teaching ADS-B technology
to its students.

This is a more accurate representation of the majority of aviation educators across the
country. However, only having 15 responses in the general sample, it is likely that the
percentage of institutions currently teaching ADS-B is even lower than what this study
reports. Further study needs to be done in order to confirm this hypothesis, but the results
of this study combined with previous research suggest this.

The educators who stated their institutions are not currently teaching ADS-B were
asked if they felt their institutions were planning on teaching ADS-B in the future, and
further, to explain their answers. The majority of the qualitative responses indicated that
there are currently no formal plans to teach ADS-B in the future, with one of the largest
reasons being a lack of equipment and coverage. Data from this study indicates that
currently only 13.3% of the respondents from the general sample have ADS-B coverage
in their geographic areas, with 66.7% reporting that they do not have coverage. Again,
due to the small number of responses from the general survey, it is difficult to say for
certain that this is an exact representation of the country, but the responses in the general
survey do cover five of the nine FAA regions.

When looking at the training that is currently taking place, this study shows that the
information being presented by educators was being collected from several different
sources. The majority of the respondents indicated they collect material through the use
of the internet or they create their own material, with only one educator indicating they
use the FAA website.

Results from this study also support past research, with educators reporting that using
training aircraft is the most effective way to train students on ADS-B technology.
Previous research shows that, with the implementation of GPS, educators feel that hands-
on training with the equipment is the best way for students to learn about the technology,
and because of the cost of the GPS units, many educators are unable to train their
students (Norton, 1997). While responses do indicate that lecture, video, internet, and
FTD are also effective, training aircraft is seen as the most effective.

One of the most common trends seen in the current training responses is that the
majority of the educators currently teaching ADS-B consider it to be nothing more than a
traffic advisory service. They state that since there are no standards or guidelines for
training, they educate their students to use ADS-B as a traffic advisory service. Only a
couple of responses seem to have an understanding of what the FAA hopes the future of
ADS-B will entail. Many compare ADS-B to TCAS and feel as though their students can
simply learn how to use the technology through trial and error.

In this study, we compared how educators viewed the importance of ADS-B training
to how many hours of ADS-B training they had received; there was no significance. The
same was true when importance was compared to the number of years worked as an
aviation educator. Based on past research, it was thought that those educators with more
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ADS-B training and those educators with more years working as an educator would find
ADS-B training to be more important. However, with the average number of hours of
ADS-B training received by the respondents being only 1.8, it seems that more training
will need to take place in order to determine if ADS-B will follow the trend of past
technology such as GPS.

While there was no significance found between importance and hours of training
received by educators, or importance and years worked as an educator, there was
significance found between the two different sample groups. It was discovered that the
flight instructor group indicated ADS-B training to be significantly more important to
their curriculums than the general group sample. Because this relationship cannot be tied
to more training or more time spent as a flight instructor, it is assumed that the
relationship is due to more time using the ADS-B technology.

The flight instructor group consists of educators who work at institutions with ADS-B
coverage and with 92% of their aircraft equipped with ADS-B technology. Because of
these numbers and several qualitative responses, the study can assume that the majority
of their flight time is spent in aircraft with ADS-B technology. Therefore, it is concluded
that the more time someone spends using ADS-B, the more important they believe it is.
These results are consistent with past studies involving technology such as GPS (Norton,
1997).

In order to further the idea that the importance of ADS-B training is increased by the
amount of time an individual spends using the technology, the study compared if those
educators who work in areas with ADS-B coverage feel ADS-B training is more
important than those educators who work in areas that do not have coverage. This
comparison was made because it seems likely that those educators training students in
areas that have ADS-B coverage are more likely to be using the technology. The results
of this comparison were not found to be significant; however, it is believed that a trend
does occur that supports this theory, and if further research is done involving a larger
number of participants, a significant result may occur.

A significant finding also occurred when the study compared educators who are
currently working in institutions that teach ADS-B to educators who work in institutions
that do not currently teach the new system. Results show that educators working in
institutions that currently teach ADS-B believe the training is significantly more
important than those who are working in institutions where no training is taking place.
These results add support to the earlier findings that educators who spend more time
working with ADS-B view the training in a more positive light.

ADS-B implementation seems to be following a path that was seen with earlier
technologies such as GPS. According to Norton (1997), similar issues, such as the cost of
GPS equipment and lack of training standards, caused the delay in the implementation of
GPS. While future studies will have to be completed in order to determine how much
ADS-B training is appropriate to establish proficiency, only a minimal amount of ADS-B
specific training is currently taking place across the country. This study shows that the
reason for this is due to a lack of ADS-B coverage, high cost of ADS-B equipment, lack
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of material, and no definable training standards or goals. Also, the training that is taking
place is defining ADS-B as a traffic advisory service and allowing students to learn by
trial and error.

The concern with this trend is that air traffic is projected to triple over the next several
decades. NextGen is the FAA’s solution to handling this traffic increase while trying to
maintain the current level of aviation safety. Because of this, ADS-B implementation
seems to have less flexibility then GPS, and therefore, should be approached in a more
aggressive fashion.

Educators reported that traditional training methods such as lecture, videos, and
Internet are effective, but it is the hands-on experience in flight simulators and training
aircraft that provides the most effective training environment. Past research dealing with
technically advanced aircraft supports these findings when implemented with scenario
based training (Ayers, 2006). Respondents also stated that more training materials and
training guidelines would allow for a more efficient approach to training students.

ADS-B is currently in the very early stages of the implementation process. A
significant amount of information was gathered about current training methods and about
what could be done to help improve those methods. However, as ADS-B coverage
continues to increase across the country, there are many different areas that will need to
be studied.

Currently, there are no training standards in place for ADS-B. In order for the FAA to
implement NextGen and to reach its ultimate goal of free flight, future studies will need
to be done to create effective training methods and standards. In this study, it is seen that
training aircraft are rated to be the most effective training tool for ADS-B. However, it is
also discussed that lack of other training options, such as simulators or classroom
material, could be one of the reasons for this finding. Future research should be done to
determine if an increase in training options, such as classroom material and simulators,
would affect these findings.

Another area for future study is how to improve the perceived importance of ADS-B
training. Currently, ADS-B is looked at as a luxury, and no real urgency exists among
aviation educators. In order for ADS-B to develop in a timely manner, educators need to
understand the importance that training plays in the implementation process. While this
study suggests that increased exposure to the technology causes educators to view ADS-
B training as more important, studies should be done to determine other possible avenues
to improve aviation educators’ understandings of the importance of ADS-B training.

NextGen and ADS-B are the future of our air transportation system. As their
implementation process continues and ADS-B coverage expands, continued studies will
be necessary to insure that pilots are properly prepared for the Next Generation Air
Transportation System.
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