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R E S E A R C H  A R T I C L E

         I
t is no secret that weather can play havoc with general avia-

tion safety.  8   Th understorms, in particular, are exceptionally 

dangerous, as they can produce high winds, shear, hail, 

icing, severe turbulence, and lightning. Despite improvements 

in aviation safety training and technology over the past several 

years, weather remains one accident factor that continues to 

contribute to fatalities in general aviation (GA).  2   While many 

sources of weather information are available to pilots, keeping 

up with rapidly changing aviation weather technology can 

be challenging. Requiring both an understanding of complex 

weather phenomena and knowing the capabilities and limita-

tions of radars, correct interpretation of weather radar displays 

is not as straightforward as it appears to be on the evening news. 

Recent research off ered a training course that helped young 

pilots to understand weather displays.  5   Th e purpose of the cur-

rent study was to determine the effi  cacy of this training module 

using a sample that was more representational of the whole GA 

population in the United States. 

 GA pilots have multiple sources of information to use in 

identifying and avoiding storms. Web-based tools such as 

the Direct Access User Terminal System and the Aviation Dig-

ital Data Service are common prefl ight weather information 

sources, while the Telephone Information Briefi ng Service 

and Flight Service Stations provide prefl ight information over 

the phone. Weather information can also be accessed in fl ight, 

via radio broadcast, through the En-route Flight Advisory 

Service, the Hazardous In-fl ight Weather Advisory Service, or 

the Automated Surface/Weather Observing System stations. 
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    BACKGROUND:   Over the past 10-15 yr, considerable research has occurred for the development, testing, and fi elding of real-time 

Datalink weather products for general aviation (GA) pilots to use before and during fl ight. As is the case with the 

implementation of most new technologies, work is needed to ensure that the users (in this case, the pilots) understand 

both the capabilities and limitations of the new technologies as well as how to use the new systems to improve their 

task performance. The purpose of this study was to replicate and extend a previous study on training pilots how and 

when to use these new weather technologies. 

   METHOD:   This fi eld study used a quasi-experimental design (pre- vs. post-test with a control group). There were 91 GA pilots from 

the Midwest, Northeastern, and Southeastern United States who participated in a 2-h short course or a control activity. 

The lecture-based short course covered radar basics, Next Generation Weather Radar (NEXRAD), NEXRAD specifi cs/

limitations, thunderstorm basics, radar products, and decision making. 

   RESULTS:   The pilots who participated in the course earned higher knowledge test scores, improved at applying the concepts in 

paper-based fl ight scenarios, had higher self-effi  cacy in post-training assessments as compared to pre-training 

assessments, and also performed better than did control subjects on post-test knowledge and skills assessments. 

   DISCUSSION:   GA pilots lack knowledge about real-time Datalink weather technology. This study indicates that a relatively short 

training program was eff ective for fostering Datalink weather-related knowledge and skills in GA pilots.   
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 Advancements in computer and communications technol-

ogy over the last 10 yr have given GA pilots access to new in-

cockpit weather products via real-time Datalink connections. 

Pilots are now able to view satellite imagery, pilot reports, aero-

drome routine meteorological reports, Terminal Aerodrome 

Forecasts, and Next Generation Weather Radar (NEXRAD) 

feeds using panel-mounted displays or tablet computers paired 

with satellite or Automatic Dependent Surveillance - Broadcast 

receivers. All of these weather products have the ability to give 

pilots a detailed picture of the weather conditions surrounding 

their fl ight. 

 Despite the potential to improve the safety of fl ight, Datalink 

weather products — notably NEXRAD feeds — have limitations 

that can be deceptive to pilots who lack knowledge of these 

limitations. Data feeds can suffer from latencies as long as 

20 min,  14   which can be hazardous if the pilot referencing the 

feeds is operating under the assumption that the radar is dis-

playing precipitation in real-time. NEXRAD returns can also 

be distorted by distance from the radar site, atmospheric 

conditions, and geography.  14 , 19   Pilots can be lured into a false 

sense of security and find themselves in a dangerous situa-

tion without a route to safety. 

 Research regarding how pilots use cockpit weather infor-

mation suggests that pilots may lack adequate understand-

ing of both thunderstorm dangers as well as the limitations 

of Datalink weather products. Th ese knowledge gaps could 

be fostering unsafe fl ight behaviors. For example, the Federal 

Aviation Administration ’ s (FAA) guidance on the usage of 

Datalink weather displays stipulates that pilots use the dis-

plays for strategic weather decision making such as avoiding 

an area of severe weather completely, but not to navigate 

through an area containing severe weather cells, otherwise 

referred to as tactical decision making. Despite this guid-

ance, a study performed by Latorella and Chamberlain  13   

found that pilots believed that in-cockpit weather displays 

were appropriate for navigating through an area of severe 

weather. Th e study also found that the presence of an in-

cockpit weather display reduced pilots ’  perceived risk associ-

ated with fl ying in areas of convective weather. Additionally, 

Beringer and Ball  4   indicated that pilots who viewed higher-

resolution radar returns in a flight simulator were more 

likely to fl y closer to severe cells than those who viewed low-

resolution returns. Furthermore, pilots in this study who 

had a NEXRAD display spent signifi cantly less time looking 

out the window and, in turn, could be at risk for missing 

important environmental cues. 

 Fortunately, research has indicated that weather-related 

training can positively impact pilots ’  use of Datalink weather 

displays. For instance, Wiggins and O ’ Hare  20   developed 

 “ Weatherwise, ”  a cue-based training program that improved 

the timeliness of pilots ’  weather-related decisions. In another 

study, aft er receiving guidance on the correct usage of in-cockpit 

weather displays, pilots changed from tactical to a more strate-

gic use of the displays.  3   

 To address the Datalink weather knowledge gap further, 

Cobbett et al.  5   developed a training module to foster pilots ’  

knowledge and skills for using NEXRAD-based Datalink 

weather products eff ectively in convective weather situations. 

Initial validation of the course demonstrated that the pilots who 

took the course gained knowledge and improved their perfor-

mance on paper-based fl ight scenarios. While the study results 

were promising, the participating pilots ’  demographics [largely 

college students with low fl ight hours and associated with a 

Federal Aviation Regulation (FAR) Part 141/142 facility] were 

considerably diff erent from typical GA pilots in the United 

States (middle aged, higher flight hours, and often trained 

under Part 61). Among other possible implications, the low 

fl ight hours may indicate that the pilots had encountered fewer 

fl ight situations involving convective weather, while the younger 

age may indicate a higher level of comfort with the new tech-

nology. Also, with all the pilots being at a FAR Part 141 facility, 

these pilots may have had more in-depth and recent fl ight and 

meteorological training than other GA pilots. Because of these 

diff erences, it is unclear whether the course would maintain 

eff ectiveness with more typical GA pilots. 

 Th e purpose of the current study was to examine the effi  cacy 

of the Cobbett et al.  5   training program to foster convective 

weather knowledge and skills of a more representative sample 

of GA pilots in the U.S. To accomplish this study, we sought GA 

pilots with three important diff erences from the pilots in the 

Cobbett et al. study. First, we aimed for pilots who were trained 

in FAR Part 61 facilities (rather than FAR Parts 141 or 142). 

Second, we wanted noncollegiate pilots (i.e., pilots who were 

not currently enrolled in a university). Finally, since the 

Cobbett et al. study was conducted in the Southeastern U.S. 

(an area with considerable convective weather activity), we 

also aimed to test pilots from a diff erent geographic region. 

We focused on the Midwest and Northeastern U.S., as these 

regions have weather patterns different from the South-

eastern U.S., but at the same time are subject to convective 

weather activity. Th us, pilots from these areas would have a 

higher probability of encountering convective weather while 

fl ying compared to pilots fl ying from the Pacifi c Northwest, 

for example.  

 METHODS  

   Th is fi eld study used a quasi-experimental design (pre-test vs. 

post-test; and location/city). A supplemental analysis used a 

quasi-experimental mixed design (pre-test vs. post-test and 

control vs. experimental). Th e pre- vs. post-test comparison 

was to assess knowledge and skill gain following training as 

compared to before training. Th e addition of the control group 

was to rule out possible confounds, including history, testing, 

instrumentation, and maturation.  15   

 All control group pilots were from the Central Florida data 

collection site. All other subjects were assigned to the experi-

mental group. Th e reason behind this design was as follows. To 

participate, the GA pilots donated a whole day of their personal 

time to be in the study. Including control groups at each of the 

three locations would have meant that some subjects would 
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have only performed a control activity and would not have 

received any training. Th is option did not seem to follow sound 

research ethics and the researchers decided to run a small con-

trol group in a location where it was feasible to also provide 

those subjects a follow-up session about using NEXRAD 

separate from the experiment. A lecture-based course, knowl-

edge test, and paper-based scenarios were used during this 

experiment.  

 Subjects 

 Subjects were recruited from three cities. Recruiting methods 

were as follows: researchers posted fl yers at local fi xed base 

operators, contacted fl ying clubs and Civil Air Patrol squad-

rons and their members, and posted a listing on the FAA 

WINGS Program website. Th e study was approved in advance 

by the Embry-Riddle Aeronautical University Internal Review 

Board for the protection of human subjects, and each person 

provided written, informed consent prior to participation in 

the research. 

 In all, 94 pilots participated in the study; three subjects did 

not complete the post-test packet, leaving 91 pilots who com-

pleted the entire study. Of the subjects, 24 were from the Kansas 

City data collection site, 18 from Chicago, 32 from Boston, and 

17 from Central Florida. Th ere were 81 male subjects and 10 

female subjects. Th e mean age was 54.6 yr (SD  5  13.8) and 

ranged from 18 to 74 yr. Th e mean number of years fl ying was 

19.6 (SD  5  15.7) and ranged from 1 to 55 yr. Th e mean number 

of total fl ight hours was 1992 (SD  5  3799; median  5  520) and 

ranged from 50 h to over 25,000. Th e mean number of hours 

under instrument fl ight rules was 232 (SD  5  467, median  5  

70). 

 Subjects were required to have obtained, at minimum, 

a private pilot certifi cate. Th ere were 64 who possessed an 

instrument rating and 19 who were certifi cated fl ight instruc-

tors. Of the subjects, 66 received their private pilot certifi cate 

in a FAR Part 61 fl ight school, 11 subjects reported their pri-

vate pilot training was performed in a FAR Part 141 fl ight 

school, and 14 subjects did not provide their fl ight training 

background. Th ere were 30 subjects who reported they held 

a commercial certifi cate and 8 who reported holding an air 

transport pilot certifi cate. Approximately half of the subjects 

reported previously taking meteorology courses ( N   5  42) 

and/or using in-cockpit NEXRAD products ( N   5  37). Some 

subjects reported having taken meteorology courses in college 

( N   5  15), attended aviation seminars ( N   5  32), or taken 

online weather courses ( N   5  31).   

 Equipment and Materials 

 Th e equipment for this study included the course given, a con-

trol activity, and evaluation instruments to assess the subjects ’  

performance. Th e course used was developed by Cobbett et al.,  5   

but the current study used an instructor who had not been part 

of the original course development. Th e course instructor was 

an FAA certifi cated airline transport pilot with airplane single 

engine land and airplane multi-engine land ratings. He also had 

a certifi cation as a Gold Seal fl ight instructor with airplane 

single engine, airplane multi-engine, and instrument-airplane 

ratings and an advanced ground instructor. 

 Th e instructor gave a live, approximately 90-min PowerPoint  w   

presentation. Topics covered in the lecture included radar 

basics, NEXRAD, NEXRAD specifi cs/limitations, thunderstorm 

basics, radar products, and decision making. At the end of each 

section the instructor posed questions related to the lecture to 

subjects to aid retention of course material. 

 As was done in the Cobbett et al.  5   study, paper-based prac-

tice scenarios were used to enable the subjects to practice 

applying the course content in an aeronautical decision mak-

ing context. Scenarios began with a brief description of the 

purpose of a flight. Subjects were provided with preflight 

information, including time of departure, a map including all 

National Weather Service NEXRAD sites, and the applica-

ble Terminal Aerodrome Forecasts, aerodrome routine mete-

orological reports, infrared satellite images, and single site, 

regional, and national NEXRAD mosaic images. Th e in-fl ight 

weather information was similar to what would be available 

with an in-cockpit weather product subscription service. Th e 

scenarios included questions that required subjects to apply 

the information given in the lecture to interpret the weather 

information correctly and make sound decisions regarding 

the fl ight. 

 Th e fi rst practice scenario concerned a fl ight from Atlanta, 

GA, to Jacksonville, FL, to attend the Super Bowl, a fl ight that 

was scheduled to take 2 h. Th e weather along the planned fl ight 

path was clear with the exception of the Atlanta area, which was 

experiencing thunderstorms at the time of departure. Wide-

spread thunderstorms formed along the planned route of fl ight 

1 h into the fl ight. Th e instructor talked the subjects through 

this scenario, gave them time to answer the questions on their 

hard copies, and then gave feedback via a group discussion. Th e 

second practice scenario involved a 2.5-h fl ight from Sioux 

Falls, SD, to Burlington, IA, to attend a high school reunion. 

Th e prefl ight resources did not indicate any precipitation along 

the planned route of fl ight, but did portray a cold front posi-

tioned across the state of Iowa. Aft er an hour into the fl ight, 

subjects had to decide whether or not to navigate through a line 

of thunderstorms that formed just north of the city of Burling-

ton. Th e subjects worked through this scenario independently 

and, upon completion, the instructor led a group discussion 

about the scenario and provided feedback. Th e control activity 

was watching and discussing a video titled  “ Weather Wise. ”   1   

Th e  “ Weather Wise ”  video included thought provoking con-

siderations of aviation weather scenarios without specifi cally 

focusing on NEXRAD. Aft er watching the video, the course 

instructor led a group discussion of the weather concepts in 

the video. Overall, the control activity was about convective 

weather, but the exact content and delivery was diff erent from 

the NEXRAD course/module.   

 Evaluation Instruments 

 A demographics questionnaire gathered the subjects ’  ages, 

gender, state of residence, flight experience, and Datalink 

weather experience. Th e study also used multiple evaluation 
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instruments: a radar knowledge test, scenario application 

tests, and attitudinal measures. 

 Th e radar knowledge test was a 28-item evaluation consist-

ing of multiple-choice and true/false questions on the lecture 

concepts and terminology. Th e pre- and post-tests were non-

identical, parallel forms. Participant responses were recorded 

and overall percentage correct was calculated for the pre- and 

post-radar knowledge tests, respectively. 

 Th ere were 2 paper-based 15-item scenario tests used to 

assess the participant ’ s skills at interpreting the weather infor-

mation in the context of a fl ight situation. Th e scenarios were of 

the same nature as those used in the practice portion of the 

course, but were diff erent situations. Th e responses were scored 

for accuracy and a percent correct score was calculated for 

each participant. 

 Th e fi rst scenario used in the pre- and post-tests involved a 

fl ight from Lake Charles, LA, to Montgomery, AL, to attend a 

funeral service for a family member. At the time of departure, 

the radar products showed a relatively clear fl ight path with 

thunderstorms in surrounding areas. Th e scenario stated that 

aft er 1 h into the fl ight, thunderstorms began to develop along 

the route of fl ight. 

 An additional, novel scenario was used in the post-test only. 

Th is second scenario was designed to be equivalent in complex-

ity but with enough variation to appear diff erent to the pilots. 

Th e second scenario included similar weather concepts and use 

of weather information displays, but the airports, location of 

the fl ights, and exact weather parameters diff ered. Th e purpose 

of examining subject performance on this second post-test sce-

nario was to assess the degree to which the course fostered 

knowledge and skills that would generalize to situations other 

than only one aviation weather scenario. Th is scenario involved 

a fl ight from Lansing, MI, to Oshkosh, WI, to attend the Exper-

imental Aircraft  Associations ’  AirVenture fl y-in and airshow. 

Th e route of fl ight required crossing Lake Michigan. Th e fl ight 

was clear of weather with the exception of the destination, 

where radar returns showed a large area of precipitation over 

the state of Wisconsin. Aft er an hour into the fl ight, a squall line 

formed over Lake Michigan. 

 In addition to the knowledge and application tests, the study 

used two attitudinal measures: self-effi  cacy and trainee reac-

tions. Higher self-effi  cacy has been identifi ed as a positive out-

come of training and self-effi  cacy has been shown to predict task 

performance.  6   To measure self-effi  cacy, the pilots completed a 

10-item, 7-point Likert-type questionnaire (adapted from Riggs 

et al.  16  ) that assessed the degree to which the subjects believed 

that they could use Datalink weather successfully. Cronbach ’ s 

alpha was calculated to determine internal consistency for the 

pre- and post-tests (pre-test  5  0.87, post-test  5  0.83). Compos-

ite scores were then calculated by averaging the responses 

across the 10 items for each participant for both pre- and post-test 

self-effi  cacy questionnaires, respectively. Subjects rated the course 

utility and delivery on a 7-item, Likert style questionnaire (1  5  

low, 7  5  high). Internal consistency was suffi  cient (Cronbach ’ s 

alpha  5  0.86) to justify computation of a composite score, and 

an average rating was computed for each subject.   

 Procedure 

 Subjects arrived at the respective testing sites and were pro-

vided with a consent form to review and sign. Once all of the 

subjects who had signed up to participate at a particular loca-

tion had arrived, the research assistant briefed them about the 

research and instructions for completing the pretest packet. 

Aft er the briefi ng was complete, the subjects were given 1 h to 

complete the pretest. If any of the subjects had not completed 

the pretest at the 1-h point, they were asked to stop. All subjects 

were then given a short break. 

 Next, for the experimental group, the instructor began the 

lecture portion of the training program. Once the lecture was 

completed, subjects practiced applying the concepts discussed 

during the lecture with the two practice scenarios. Th e proce-

dure was the same for the control group with the exception that 

instead of the training lecture and scenarios, they watched the 

 “ Weather Wise ”  video,  1   discussed the video with the course 

instructor, and they did not perform the two practice scenarios. 

Th e total time spent in the course and practice scenarios was 

approximately 120 min, while the total time spent in the control 

activity was approximately 75 min. 

 Following course completion, the experimental group sub-

jects had a 1-h lunch break. To help keep the time consistent 

with that of the experimental group, the control group subjects 

were given a 1.5-h lunch break following the control activity. 

Aft er the lunch break, all subjects were given 1 h and 15 min to 

complete the post-test. Including the lunch break, the elapsed 

time between the pre-tests and the post-tests for the experi-

mental group was approximately 180 min and for the control 

group it was approximately 165 min. 

 After subjects completed the post-test, the researcher 

debriefed each subject. Subjects then completed the research 

compensation form, were paid in cash, and were given the 

option to receive FAA WINGS credit.  9   Subjects were also given 

a  “ Radar Checklist ”  to use for future reference.     

 RESULTS 

 Th e fi rst analysis focused on the subjects who received the 

training module ( N   5  74) and did not include the control group 

( N   5  17) data. Th is was due to the following: fi rst, the number 

of subjects in the control group was considerably less than those 

in the experimental group and the unequal sample sizes would 

have generated violations in assumptions for the statistical tech-

nique. Second, the control group was missing the attitudinal 

measures/data. 

 For the 74 subjects who received the training module, there 

were no signifi cant diff erences between the three data collec-

tion locations in age, total number of fl ight hours, total number 

of instrument fl ight hours, total years fl ying, hours spent in 

weather radar training, or academic weather course credits 

earned. Hence the fi rst analysis was a mixed-design multivari-

ate analysis-of-variance (SPSS MANOVA, general linear model 

with repeated measures) with three dependent variables: radar 

knowledge, scenario knowledge, and self-effi  cacy. Th e between 
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factor was location (Kansas City, Chicago, Boston) and the 

within factor was phase (pre-test vs. post-test). 

   Table I   and     Table II   show the means and intercorrelations 

of the radar knowledge and scenario tests as well as the self-

effi  cacy and reactions questionnaires, respectively. Th e inspec-

tion of the MANOVA using Wilk ’ s Lambda showed that a 

signifi cant main eff ect of the training occurred on the com-

bined dependent measures [ F (3, 67)  5  142.24,  P   �  0.001,  h  2   5  

0.87]. It also indicated a signifi cant eff ect of location [ F (6, 134)  5  

3.00,  P   5  0.009,  h  2   5  0.12]. Th ere was not a signifi cant interac-

tion of training and location [ F (6, 134)  5  0.76,  P   5  0.605].         

 All subsequent univariate results reported are Greenhouse-

Geisser statistics. First, the univariate tests revealed no signifi -

cant eff ect of location on any of the dependent measures: the 

radar knowledge test [ F (2, 69)  5  0.88,  P   5  0.42]; the scenario 

knowledge [ F (2, 69)  5  2.06,  P   5  0.14]; and self-effi  cacy [ F (2, 

69)  5  0.24,  P   5  0.79]. Th e likely reason that signifi cance 

occurred in the omnibus test for location, but not in the follow-

up univariate tests for location, was the unequal number of sub-

jects at the diff erent locations. In contrast, the univariate tests 

did reveal a signifi cant eff ect of training on all three dependent 

measures and these will be discussed next. 

 First, results of the follow-up univariate tests showed a sig-

nifi cant eff ect of training on radar knowledge [ F (1, 69)  5  

218.50,  P   �  0.01,  h  2   5  0.76]. As shown in  Table I , subjects 

improved from an average pre-test score of 55% of questions 

correct to a post-test score of 77% correct. Furthermore, 76% of 

the variance in radar knowledge was accounted for by the train-

ing course. Next, the univariate test revealed a signifi cant eff ect 

of training on scenario knowledge test scores [ F (1, 69)  5  

170.58,  P   �  0.01,  h  2   5  0.71]. Across all data collection sites, 

scenario test scores improved from 65% in the pre-test to 87% 

 Table I.        Mean Test Score Before and After Datalink Weather Training Course.  

  SCENARIO 1 PRE-TEST SCENARIO 1 POST-TEST SCENARIO 2 POST-TEST  

 M (SD) M (SD) M (SD)  P -VALUE *   

  Radar Knowledge (Percentage)  

  Kansas City 56 (9) 79 (9)  

  Chicago 55 (10) 73 (10)  

  Boston 55 (14) 76 (14)  

  Overall 55 (11) 77 (10)  � 0.01 

 Scenario Test (Percentage)  

  Kansas City 66 (18) 87 (9) 80 (7)  

  Chicago 67 (13) 92 (5) 78 (13)  

  Boston 62 (16) 81 (18) 77 (16)  

  Overall 65 (16) 87 (9) 79 (9)  � 0.01 

 Self-Effi  cacy  

  Kansas City 3.36 (1.23) 4.82 (0.84)  

  Chicago 3.71 (1.13) 4.79 (0.75)  

  Boston 3.66 (1.2) 4.82 (0.95)  

  Overall 3.59 (1.19) 4.80 (0.85)  � 0.01 

 Reactions  

  Kansas City 6.41 (0.63)  

  Chicago 6.75 (0.35)  

  Boston 6.52 (0.46)  

  Overall 6.54 (0.51)   

    N   5  74.  

  *      P -values for follow-up univariate, pre vs. post comparison.   

in the fi rst post-test scenario, and 71% of the variability in the 

scenario-based test scores is accounted for by the training. 

 Since the second scenario was not included in the MANOVA 

due to lack of a separate pre-test, we examined the three sce-

nario tests (scenario 1 pre-test, scenario 1 post-test, and sce-

nario 2 post-test) with an additional one-way repeated measures 

ANOVA. Th e mean scores for all scenario tests are shown in 

 Table I . Th e results indicated a signifi cant diff erence between 

the three scores [ F (2, 72)  5  94.32,  P   �  0.01,  h  2   5  0.58]. Post 

hoc examinations using a Bonferroni correction  18   revealed that 

the subjects scored signifi cantly higher on the scenario 1 post-

test than the scenario 1 pre-test [ t (73)  5  13.04,  P   ,  0.01], 

higher on the scenario 2 post-test than the scenario 1 pre-test 

[ t (74)  5  7.04,  P   ,  0.01], and higher on the the scenario 1 post-

test than the scenario 2 post-test [ t (74)  5  6.07,  P   ,  0.01]. 

 Th e univariate test following the MANOVA revealed a sig-

nifi cant eff ect of training on self-effi  cacy [ F (1, 69)  5  94.32,  P   �  

0.001,  h  2   5  0.58]. Responses to the self-effi  cacy questionnaire 

increased from an overall mean of 3.6 out of 7 on the pre-test to 

4.8 out of 7 on the post-test. Of the variability in self-effi  cacy, 

58% was accounted for by the training. Th is eff ect size is larger 

than some training studies in other areas.  10   

 Regarding the learners ’  opinions about the course, the 

overall mean reaction score (out of 7) was 6.54 (SD  5  0.511). 

This result indicates that the subjects had positive views of 

the course. 

 A separate set of analyses was conducted with the control 

group data. To generate equivalent sample sizes for this analy-

sis, the researchers selected 17 subjects from the experimental 

group via a post hoc random selection process. First, the 

researchers removed any pilots with 10,000 or more fl ight hours 

from the existing experimental group. Th en, using a random 
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number generator, the researchers selected 17 subjects from the 

original 74 subjects. Th ese 17 subjects became the experimental 

group for comparison with the control group. To ensure equiv-

alent groups, the researchers inspected the demographic data of 

these two groups and found no signifi cant diff erences in terms 

of age, fl ight hours, instrument fl ight hours, years fl ying, rating, 

or FAR Part 61/141 training. To accommodate the relatively low 

total  N  ( N   5  34), separate  t -tests were conducted on the three 

assessments. Th e means are shown in     Table III  . As noted previ-

ously, the control group data was missing the attitudinal mea-

sures (self-effi  cacy and reactions).     

 The radar knowledge pre-test scores did not differ sig-

nifi cantly between the experimental and the control groups 

[ t (32)  5  1.13,  P   5  0.27]. Further, no between groups diff erences 

appeared for the scenario 1 pre-test scores [ t (32)  5  0.08,  P   5  

0.94]. In contrast, the subjects who received training scored sig-

nifi cantly higher than did the control subjects on the radar 

knowledge post-test [ t (32)  5  4.72,  P   �  0.01], the scenario 1 

post-test [ t (32)  5  6.8,  P   �  0.01], and on the scenario 2 post-test 

[ t (32)  5  3.10,  P   �  0.01]. Also, the subjects who received the 

training had signifi cantly higher delta scores (post-test minus 

the pre-test) on both the radar knowledge test [ t (32)  5  3.01, 

 P   �  0.01] and the scenario 1 test [ t (32)  5  5.29,  P   �  0.01]. Th us, 

the subjects who received training improved from pre to post 

at a signifi cantly higher rate than did the control group.   

 DISCUSSION 

 Convective weather continues to be a problem for GA safety. 

While real-time Datalink weather tools provide sophisticated 

meteorological information to pilots both prior to and during 

fl ight, if pilots do not use these tools eff ectively, it may actually 

cause more harm than good.  4   Training tools and strategies are 

needed to bridge the gap between Datalink weather technol-

ogy and pilot performance using those tools.  11   Th e current 

fi eld study provides evidence that a straightforward training 

course increased understanding of weather radar concepts 

and capability for application in convective weather scenarios 

in a highly generalizable sample of GA pilots. Th ese results 

extend and replicate the previous eff ort to validate the train-

ing module.  5   

 For eff ective training validation, it is key for training devel-

opers to consider learner or  “ training audience ”  characteristics, 

eff ects of the training on multiple measures of learning, and the 

transportability of the course to new instructors.  15   Examples of 

learner characteristics include age, prior experience, familiarity 

with the technology involved, educational background, and so 

on.  17   Th e current study used GA pilots from the Midwest and 

Northeastern United States with an average age in the mid-50s 

and most of whom had been trained under FAR Part 61 fl ight 

schools. Th is sample was quite diff erent from that observed in 

the Cobbett et al.  5   study, and this sample is more typical of the 

GA pilot population in the United States. Th e fact that these 

pilots learned from the course indicated that other GA pilots 

would most likely learn from the course as well. Furthermore, 

the current fi ndings indicate that the results of the Cobbett et al. 

study  5   were not based on characteristics of that sample (i.e., 

young, collegiate pilots). Additionally, training eff ectiveness 

researchers advocate that training validation use multiple mea-

sures of learning,  12 , 13 , 17   and the current study demonstrated 

strong training effects on several measures: knowledge of 

concepts, application of concepts, and attitudinal measures. 

Another necessity to ensure viability of a training program for 

 Table II.        Correlation Matrix of Radar Knowledge, Scenario 1, Scenario 2, and Self-Effi  cacy.  

  

RADAR KNOWLEDGE 

POST-TEST

SCENARIO 1 

POST-TEST

SCENARIO 2 

POST-TEST

SELF-EFFICACY 

POST-TEST

SCENARIO 1 

PRE-TEST 

 VARIABLE  N   5  74  N   5  74  N   5  74  N   5  73  N   5  74  

  Radar Knowledge Post-test  - 0.71** 0.65** 0.38** 0.46** 

 Scenario 1 Post-test - 0.72** 0.24* 0.43** 

 Scenario 2 Post-test - 0.41** 0.21 

 Self-Effi  cacy Post-test - 0.23* 

 Scenario 1 Pre-test -  

   Pearson correlation coeffi  cient: *correlation is signifi cant at the 0.01 level (2-tailed); **correlation is signifi cant at the 0.05 level (2-tailed).   

 Table III.        Summary of Study Results.  

  MEASURE PRE-TEST (PERCENTAGE)  P  ( t -TEST) POST-TEST (PERCENTAGE)  P  ( t -TEST) DELTA SCORE M (SD)  P  ( t -TEST)  

  Radar Knowledge Exp  5  57.5 Exp  5  75.8 Exp.  5  18.3 (11.0) 

 Control  5  52.9 Control  5  59.2 Control  5  6.3 (11.0) 

  P   .  0.05  P   �  0.01  P   �  0.01 

 Scenario I Exp. 5  65.3 Exp.  5  89.8 Exp.  5  24.5 (12.9) 

 Control  5  65.6 Control  5  70.3 Control  5  4.6 (8.5) 

  P   .  0.05  P   �  0.01  P   �  0.01 

 Scenario 2 Exp.  5  78.2 (13.2)

  Control  5  66.1 (9.2) 

  P   �  0.01  

    N   5  17 in each group.   
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widespread use is to determine that more than one instructor 

can give the course successfully. Th e current study demon-

strated that a fl ight instructor who had not been involved in the 

original course design and development could teach the course 

eff ectively. 

 Field studies off er the opportunity to collect data from 

authentic users in their actual environments, but in doing so, 

these studies can lose some experimental control. Th e experi-

mental design included several safeguards to protect against 

confounds: the control group, multiple data collection loca-

tions, and the second, novel post-test scenario. As described 

earlier, for ethical reasons, the researchers decided to run a 

small control group in a location where it was feasible to also 

provide those subjects with a follow-up instruction session on 

using NEXRAD (separate from the experiment). Even with 

the small control group, the current study results follow the 

same pattern as those of the Cobbett et al. study  5   — a large 

training eff ect in comparison to the control subjects. Further-

more, during the current study, researchers conducted the 

course in three diff erent locations on three diff erent dates and 

the pattern of results did not diff er between sites — another 

indication that it was the module itself rather than another 

intervening variable which caused the post-test scores. Th irdly, 

subjects performed well on the novel, post-test scenario. 

Interestingly, they did not perform as well on the second sce-

nario as they did on the fi rst, which could mean that the pre-

test itself had an eff ect on the post-test score. However, that 

subjects still performed well on the novel post-test scenario 

indicates that they had learned from the module and were 

able to generalize their knowledge and skills to a novel situa-

tion. Taken together, these results add to the likelihood that 

the module did indeed foster the subjects ’  learning gains 

as opposed to possible confounds such as a placebo effect, 

the course instructor, the pre-test, and subject maturation 

fostering the learning gains. 

 Similar to the Cobbett et al.  5   study, readers may question 

why the average scores were not higher on the assessments. 

Although large learning gains did occur, it may be possible to 

improve the course. With practice being essential to learning,  7   

providing additional practice scenarios could help. Other 

reasons underlying the moderate post-test scores could be 

measurement/test construction issues such as poor questions 

(e.g., diffi  cult for the respondents to interpret correctly even if 

they have a high understanding of the concepts), highly diffi  -

cult questions (e.g., questions requiring respondents to under-

stand detailed nuances of the concepts), and/or items that 

were low in content validity (i.e., did not cover adequately the 

content presented in the course either by testing concepts that 

were not discussed in the course and/or did not adequately 

address concepts that were included in the course). Further 

examination via a statistical item analysis of the assessment 

instruments used in this study indicated that measurement 

issues could be responsible for post-test scores reaching only a 

moderate level. 

 Paralleling other research,  4 , 15 , 20   the pre-test scores in 

the current study indicate that GA pilots have knowledge 

gaps regarding concepts underlying the effective use of 

NEXRAD-based products in convective weather situations. 

Fortunately, experiencing the course described in this 

study helped pilots respond correctly to convective weather 

questions and scenarios. Future research should include 

pilots performing simulated fl ights. In this way, we could 

determine the impact of the course on actual fl ight perfor-

mance. In the meantime, however, combining the results 

of the current study with the Cobbett et al.  5   results gives 

ample evidence that this course fosters knowledge of using 

NEXRAD-based products. Th us, it is our hope that as many 

interested pilots as possible have the opportunity to take this 

course and subsequently use their increased knowledge and 

skill of NEXRAD-based tools to avoid being caught in unsafe 

situations.     
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