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SUMMARY PAGE

THE PROBLEM

Airsickness in Naval Flight Officer (nonpilot) training squadrons
can be considered to be a significant biomedical risk having both direct -

and indirect influence on the cost cf training aircrew personnel. During
flight, airsickness can degrade student performance and sometimes neces-
sitate repeat hops to achieve training objectives. Additional dollar
costs also result when students attrite because of airsickness, with
these costs rising rapidly when the attritions occur late in the training
program or even later in fleet assigrunents. Currently, there are few
operational data available to describe either the actual incidence or
resulting costs of the airsickness risk in these squadrons, and hence,

there is insufficient information available for flight surgeons and
medical boards to make decisions concerning dispos 4 tion of airsick
individuals. In addition, validated biomedical tests of motion sickness
susceptibility to screen and select aircrew candidates best suited for
fleet assignments involving different degrees of motion stress are not
yet available.

FINDINGS

A longitudinal study has been initiated of airsickness problems in
the primary, secondary, and type-specific fleet readiness (RAG) squadrons
comprising the complete Naval Flight Officer (NFO) Training Program.
Flight data, based upon both instructor and student judgments of airsick-
ness severity, are being collecuLd in the primary and secondary squadrons
on an individual-student basis. In addition, a large segment of the
sample population has been exposed to several prototype laboratory tests
of motion sensitivity which wi-i. be related to the subsequent flight
data. The data will define the incidence and severity of airsickness in
the individual squadrons, and also serve as operations-based validation
criteria for establishing the relative merit of the different components
of the laboratory test bat.tery.

This report deals with airsickness incidence in the current flight
syllabus of Advanced Squadron VT86-AJN where NFO students are trained to
perform various weapons operation and navigation duties. A previous
report described the airsicknes- problem for the same squadron flying a
different syllabus which was changed to its present form in 1979.
Flight data collected from 1,552 iops Clown by 92 students in the new
syllabus indicate that airsickness occurred on approximately 13 percent
of the total hops flown, vomiting occurred on 4.6 percent of the total,
and performance degradation caused by airsickness occurred on 5.5 percent
of the total. Approximately 71 percent of students reported being
airsick on at least one flight, 36 percent reported vomiting on one or
more flights, and 41 percent considered their inflight performance to
have been degraded by airsickness on one or more hops, These figures
indicate a slightly higher incidence of airsickness in the current, as
compared to the previous, flight syllabus of this squadron, As with thL
previous reports of ti- series, the results of several brie motion
reactivity tests to which a large segment of the population was exposed
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are presented and various comparisons made between different student
subpopulations based upon the flight and laboratory test data.
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INTRODUCTION

This is the fifth in a series of research reports dealing wich a
longitudinal study of airsickness in Naval Flight Officer (NFO) students
being trained for a variety of nonaviator flight assignments in fleet
squadrons. The study, described in detail in the first report (3) of
the series, was designed to investigate the incidence and severity of
airsickness experienced by a sample of the NFO population on an individual-
student basis as they progress through the basic (primary level), advanced
(secondary level), and fleet readiness (commonly referred to as RAG)
squadrons comprising the NFO training syllabus. The study also relates
the airsickness data collected in the flight environment to the perform-
ance of the students on several motion reactivity tests which were
presented to a large segment of the total sample population prior to
their beginning flight training. The long-term objective here is to
utilize the inflight airsickness data as validation criteria t: measure
the relative effectiveness of the motion reactivity tests in identifying,
on an a priori basis, both those students who are highly susceptible to
airsickness and those students who rarely expeilence the problem. The
inflight airsickness data thus serve this test validation function as
welL as defining the magnitude of the airsickness problem within each
training squadron.'\

In the second\report of the neries (4), airsicKness data were
presented for 134 NFO students receiving advanced/secondary training in
Squadron VT86-AJN. That student group flew a total of 1,833 documented
hops in a flight syllabus composed of 14 separately identified hops.
Midway in the study, the Squadron VT86-AJN flight syllabus was restructured
and expanded to 18 hops. This report deals with the airsickness reported
by a second NFO student population (92 students) receiving flight training
in the same squadron but under the new (current) flight syllabus conditions.
The statistical tests used to analyze the airsickness data are, in
general, identical to those used in the first report. The intent of
these tests is to give preliminary insight into the relative strength of
different flight and laboratory response measures in identifying differ-
ences that may exist between different student subpopulations. To
facilitate reader comparison of the results associated with the new and
old flight syllabi, the layout of the associated statistical tvbles and
figures presented in this report closely duplicates the tables and
figures of the first VT86-AJN report (4). The reader is referred also
to the initial report (3) of the series for many of the procedural and
analytical details not presented in this follow-up report.

PROCEDURE

A block diagram of the different traininF pipelines currently
followed by NFO student.; before assignment to the fleet squadrons is
preseited in Figure 1. This report deals with the airsickness problem
in Squadron VT86-AJN where NFO students receive advanced/secondary
flight training in preparation for a variety of nonpilot duties performed
aboard attack and antisubmarine warfare aircraft. In chis squadron,
students are trained in both TA-4J and T-39D aircraft (photographs of
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Block diagram showing training pipelines follojed by Naval Flight Officlr students beginning
with basic training vnd progressing through various advanced anI fleet readiness (RAG) 1uad-
rone before receiving fleet assignments. Th.; report deals with airsickness incidence in
Advanced Training Squadron VT86-AJN under a new flight syllabus tht was phased in during the
1978-1979 Deriod.
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which are shown in Figure 2), with the majority of the hops involving
the latter aircraft. Brief descriptions of the 18 hops comprising the
new (current) syllabus are iLcesented in Appendix A. Upon completing

advanced/secondary training, the VT86-AJN students receive additional
t,'pe-specific training in fleet readiness squadrons (commonly referred
to as RAG squadrons) before being assigned to an operational fleet

• squadron.

To document the incidence and severity of airsickness experienced
by the VT86-AJN students, the questionnaire developed for the initial
study (3) was again used. One questionnaire was completed for each hop
flown, with separate sections provided for student and instructor evalu-
ations of the student's airsickness reactions. Upon completion of his
questionnaire, the student folded and sealed the form so ttat the instructor's
ratings were made independently. For the student questionnaire, the key
elements were four forced-choice ratings of airsickness experienced
during the flight, number of times vomiting occurred, flight performance
degradation as a result of airsickness, and any nervousness experienced
before or during flight. A 'Fifth item requested a yes or no answer
concerning the use of airsickness medication on the hop. The instructor
also provided ratings of the same airsickness, vomiting, performance
degradation, and nervousness parameters rated by the student. In addition,
the instructors were asked to rate the roughness of flight; i.e., atmospheric
turb. lence encountered on the hop.

The motion reacLivity test data presented for this population o7
students were collected prior to the time the NFO students began their
basic/primary training in Squadron VTI0. Brief descriptions of these
tests are provided in Appendix B, with related references that provide
more detailed information on test techniques and procedures. The gen-
eral methods used in the computer storage of these motion reactivity
test data and the related flight airsickness data are outlined in the
first report (3) of the series.

RESULTS AND DISCUSSION

A total of 1,552 validated airsickness questionnaires involving 92
VT86-AJN students were collected during this phase of the longitudinal
study. As indicated in Figure 1, of the total of 97 students for which
flight data were available, 80 (86.9 percent) gradtated from thc squadron,
while 12 (13.0 percent) of the students attrited before completing
training. (This attrition rate is about the same as that noted in the
first VT86-AJN report [41.) Of the total number of attrites, one student
dropped out of the program at his own request, and the remaining 11 were
di~missed as a result of inadequate academic or flight performance.

The study results are reported and discussed under eight different
subheadings in general conformance with the format used in the first
VT86-AJN report (4). In the first section the data derived from the
student and instructor questionnaires are used to define the incidence
and severity of airsickness on each of the hops comprising the Squadron
VT86-AJN syllabus (post-1978). In the second section the questionnaire
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data are discussed in relation to the contribution of stidents experienc-
cing repeated airsickness to the over-all airsickness incidence figures.
In the third section unweighted and weighted airsickness indices are
developed on an individual-student basis to quantitatively define the
airsickness experiences of tde squadron population as a whole. That
section also includes statistics describing the performance of the
students who received laboratory motion reactivity tests before they
began NFO training. The fourth section provides a brief comparison of
the airsickness indices and laboratory test scores of the students who
graduated from the squadron with those of the students who attrited
prior to graduation. The fifth section utilizes the flight indices to
both define and compare the performance of nonsusceptible student groups
with the most susceptible student groups within the over-all population.
The sixth section presents a rank correlation matrix analysis of the
relationships found to exist between and across the different flight
indices and laboratory test scores. The seventh section compares the
VT86-AJN advanced squadron airsickness indices ..ith the VTIO basic
squadron indices of the same students. The last section. compares the

flight and laboratory data produced by the student population of this
study who flew the new/current VT86-AJN syllabus with the same form of
data produced by the student population of the original VT86-AJN study
(4) who flew a different syllabus.

AIRSICKNESS INCIDENCE AND SEVERITY: INDIVIDUAL-HOP BASIS

The airsickness and related response measures derived from the
questionnaires are tabulated in Table I for each of the 18 hops com-
prising the VT86--AJN syllabus. The table contains separate 14.stings for
the student and instructor ratings of the incidence and relative mag-
nitude of the four principal response measures of the study; i.c.,
airsickness, vomiting, inflight performance degradation cati-. by
airsickness, and nervousness. For each of those measures, four per-
centage values corresponding to classifications present, mild, moderate,
severe are presented for each of the 18 hops. Each datum below a given
hop name (see Appendix A for a brief description of each hop) represents
the percentage of the total number of hops flown of the given type where
thp denoted response occurred. The first datum presented for a given
response, e.g., "Airsickness-Present," is the percentage of the hops
where airsickness was present without qualificati.on as to the magnitude
(mild, moderate, or severe) of the response. The three subsequent data
describe the percent incidence of mild, mode:ite, and severe ratings,
respectively, for the denoted questionnaire item. In the case of the
vomiting measure, the breakdown is based upon the nulioer of times the
response occurred on a given flight. The student questionnaire tabula-
tion also contains a line item describing the percent incidence ot
flights where the students reported that airsickness medication was
used. In the instructor tabulation, separate listings are provided for
flight turbulence and a breakdown of the gr.Aes issued on a given hop.
The date presented in the "Total" column at the extreme right in the
table represent the percentage of the total number of hops flown (1,552)
where the denoted responses were present.
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As indicated in the "Total" column of Table I, the VT86-AJN students
reported that airsickness was present on 13.1 percent of the total hops
flown during training in this squadron, vomiting occurred on 4.6 percent
of the total hops, and inflight performance degradatiou due 1:o airsick-
ness resulted on 5.5 percent of the hops. These data indicate that ai;-
sickness associated with the new VT86-AJN flight syllabus was of greater
magnitude than that with the old syllabus, where the students reported
(4) incidence figures corresponding to those above of 8.6, 3.7, and 3.4
percent, respectively. The corresponding instructor-based data for the
new and old flight syllaoi also reflect a higher airsickness incidence
in the new syllabus.

To illustrate the relative magnitude of the airsickness problem
antong the different hops comprising the Squadron VT86-AJN flight syllabus, 1
selected elements of Table I have been plotted in Figures 3 through 9.
In tiese figures, each hop is identified with an abbreviated code that
Is explained in Appendix A. The hop name-labeling sequence in these
figures reading from left to right follows, in general, the sequence
that the students flew the hops, although there were variations from
student to student. The one exception in the labeling sequence is the
D series of hops where Dl was flown before D2.

The distribution of the basic flight data available for analysis
for each hop is depicted in Figure 3 where the number of questionnaires
coilecta for a given hop is expressed as the percentage of the total
number (1,552) of questionnaires received. Variations in the exact
number of questionnaires received per bop are due to less than 100
percent return, which was partially compensated by repeat hops flown by
some students.

in Figure 4 the student and ins'.ructor ratings of airsickness are
compared for each hop. Figure 4A plots the incidence of airsickness,
regardless of degree of severity, that occurred on a given hop as the
percentage of the total hops flown where airsickness was present.
Figures 4B, 4C, and 4D depict the percent incidence of hops where air-,
sickness was present to a mild, moderate, and severe degree, respec-
tively. Figures 5, 6, and 7 represent equivalent plots of the incidence
of vomiting, inflight performance degradation due to airsickness, and
nervousness, respectively. A comparison of the relative level of the
student and instructor judgments in these four figures indicates the
general trend for the instructors to underestimate the students' esti-
mates of their own reactions. As indicated in Figure 4A, the first hop
of the syllabus, LLI, resulted in airsickness on approximately 28 percent
of the flights based upon the student ratings. Airsickness incidence
decreased to approximately 17 percent on LL2 and then fell to a relatively
low level on the following ten hops. These first twelve hops were all
flown in the T39-D aircraft. However, when the D and ATM series of hops,
flown in the higher performance TA-4J aircraft, were enriountered, airsick-
ness incidence rose sharply, reaching a peak level of 50 percent on
ATMl. These hops, involving TA-4J familiarization and demonstration of
advanced tactical maneuvers, also resulted in a high incidence of vomiting

compared with that which occurred on LLl. As shown in Figure 5A, qomiting
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Figure 8 is a ?]1, -f the percent incidence of airsickness medi-

cation usage as repurted hr the students. These data indicate a rel-
atJvely low dependence on mŽ,.Jcation during the early phase of training

followed by a signiftcant. incraa.3e at the time of the D and ATM series

of hops. As stated previously (3-6), this r'.ported usage of medication
during the mid-to-late phases of• the flight syllabus requires further

investigation since this practice tends to allow airsick susceptibles to

continue in the program without the natural screening or attrition that
might occur without medication.

The instructor ratings of turbulence shown in Figure 9 indicate a
higher degree of roughon.Ss Of .ir for the ATM series of hops as compared

to the ether hop seri.es in the syllabus. As has been mentioned pre-

viously (3-6), this probably arises from the wording used in the question-
naire Item dealing with the roughness of air encountered on a given
flight. As a result of the inclusion of the words, "pilot technique,"

in the question, some instractors were led to rate a giv;en hop in terms
of the flight forces produced by the maneuvers associated with the hop,

rather than tCe atmospheric turbulence or buffeting that was present.
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Figure 8

Percent incidence of flights where students reported using airsickness m.di,'a.iý n. This

squadron reported Little usage of medication until 1,:te in the svl lauI ; whco to' 1) and AIM
series of hops were flown.

In the previous report, (3-6) dealing with airsickness incidence in
Squadrons VT-10 and VT-86, it was observed that certain hops flown near
the end of the flight syllabus produced relatively high airsickness
incidence. This finding was used to emphas'ze the point that adaptation
effects cannot be deduced from a simple analysis of airsickness as a
function of the number of hops flown within a given squadron. That is,
airsickness incidence, at least for the NFO population, did not continu-
ously decrease as the students progressed through the f]iHr,,h syllabus.
The airsickness data for the D and ATM series of hops ieficcL the same
trend for this squadron. Again, these results suggest thit conclusions
concerning airsickness adaptation must be carefully wei.;hid in riiation
to tile moti, .i stress level of each hop within a given flight sylJabus.

AIRSICKNESS INCIDENCE AND SEVERITY: STUDENT FREQUENCY ANALYSIS

The flight data were also analyzed to establish the number of
students who experienced a given response a repeaLed number (if times
during the course of their training. Table II is a tabulation of the
results of this analysis for each of the principal questionnaire responses.
Each datum in this table below a given column heading denotes the percent-
age of the total number of students who experienced a given response the
number of times indicated by the column header. For example, the 'tta
presented in the first row of Table II indicate that 17.4 percent of the
students reported experiencing airsickness on only one hop, 16.3
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percent reported being airsick on two hops, et cetera. The total column
at the extreme right in the table denotes the percentage of the total
number of students who experienced the given response one or more times.

These total data indicate that 70.7 percent of the students reported
being airsick on one or more flights during their VT86-AJN training,
35.9 percent reported vomiting on one or more flights, and 41.3 percent
reported inflight performance degradation due to airsickness on one or
more flights. These values are larger than those experienced ty the old
syllabus VT86-AJN students (4) who had corresponding figures of 55.2,
28.4, and 30.6 percent, respectively.

ro emphasize the multiple contributions of a small number of students
to t ie over-all airsickness problem, the airsickness, vomiting, per-
formance degradation, and nervousness data derived from both the student
and instructor responses have been plotted in cumulative frequency
distribution form in Figures IOA, B, C, and D, respectively. In these
figures, the deviation between the student and instructor distributions
reflects the instructors' tendency to underestinate the presence of a
given response, using the student judgments as reference. This applies
to all variables except the overt symptom of vomiting, where the instructor
and student distributions (Figure lOB) had good corresp-ndence. The
percentage of the total number of students who never reported experienc-
ing a given response is represented in these figures by the intersection
of the distribution curve with the ordinate axis. That is, 29 percent
of the students reported never being airsick, 64 percent reported never
vomiting, 59 percent reported never suffering from inflight performance
degradation due to airsickness, and 21 percent reported never experien-
cing nervousness prior to or during flight.

From these distribution data, it can be shown that 50 percent of
the hops where airsickness occurred was accounted for by approximately
12 percent of the total number of students; 50 percent of the hops where
vomiting occurred was accounted for by 9 percent of the students; 50
percent of the hops involving inflight performance degradation was
accounted for by 11 percent of the students; and 50 percent of the hops
where nervousness occurred was accounted for by 7.5 percent of the
students. As mentioned previously (3) the long-term objective in the
development of tests to predict airsickness susceptibility must center
on the identification of those individuals falling into the upper part,
e.g., the upper decile, of the Figure 10A, 10B, and 10C distributions.

Normalized cumulative frequency distributions of the same form are
also plotted for student reports of medication usage in Figure IIA and
for instructor ratings of turbulence in Figure lB. The significance of
the medikation plut is that only 15 (16.3 percent) of the 92 squadron
studentn reported using medication at some time during training. Of
these students, 11 used medication on three or less flights, two on four
flights, and two on five flights. As with the previously reported
squadron data (3-6), the incidence of medication usage shown in Table I
and plotted in Figure 8 was accounted for by a relatively small number
of students. The turbulence distribution data of Figure liB continue to
show that the repeated exposure co roughness of air is more evenly
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Figure 10

Normalized cumulative frequency distribution of students exiriencing airsicknesu (A), vomit-

ing (B), inflight performance degradation (C), and nervousness (D) a different number of times

during the course of their flight training in this squadron bised upon both student (solid

line) and instructor (dashed line) data.
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Figure i1

Normailized cumulative irequency distribution of students uti~izing medication on a repeated
banis (A) and students experiencing turbulence or roughness of air on one or more flights (Ii).

i As with :111 other siq'idrons studied, only a small percentage of the total student population
S~used airsickness medication. •

distributed over the population.

INDIVIDUAL STUDENT PERFORMANCE: AIRSICKNESS INDICES

Unweighted and weighted indices were calculated for the principal
components of the airsi.ckness questionnaire data, using both the student
and instructor ratings. The indices allow comparisons to be made among
different squadrons and among different student subpopulations within
given squadrons. In addition, they are intended to serve the further

function of relating an individual's performance during basic training
with subsequent performance in advanced and fleet readiness (RAG) squad-rons. As outlined in the fir-r report (3), five unweighted and five
weighted indices were calculated for each student, using the airsickness,

vomiting, performance degradation, nervousness, and medication usage
components of the student questionnaire as measurement references.
Similarly, for the instructor data pertalning to the same student, five
unweighted and five weighted indices were calculated, using the same

measurement references, with the one exception of substituting the
instructor rating of turbulence for the student report of medication
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usage. Flight indices were not calculated for those students who sub-
mitted less than four questionnaires during the study period.

The methods used to calculate the indices were keyed to structuring
a computer data storage file for each student that contained a sequen-
tial tabulation of all questionnaires collected from the student during
the course of his squadron training. The unweighted indices were cal-
culated from this file as

1) RESPONSE INDEX (UNWEIGHTED) - Totai No. Flights Flown 100

TtlNo. Flighhteso se Experince 0

where no weight was given to the severity of the response; i.e., attention
was given only to the fact that a response such as airsickness oczurred
on a flight without regard to its mild, moderate, or severe degree of
magnitude. Accordingly, the unweighted indices simply represent the
percentage of the flights flown by the student where the denoted response

such as airsickness occurred. This method of calculation of the unweighted
indices was applied to each of the five student questionnaire responses
and to each of the five instructor responses, as listed above.

"The weighted indices calculated for the same ten questionnaire
responses were based upon the assignment of a linear weight of 0, 1, 2,
3 to the four magnitude ratings associated with all but th.! medication
usage item. For example, if a student reported that he was not airsick
on a hop, he would have a response rating of 0.0 for this particular
flight; a student who reported either mild, moderate, or severe airsick-
ness was given a response rating of 1, 2, or 3, respectively, for a
particular hop. These response ratings were summed for all of the hops
flown by a given student and used to calculate a weighted index that was
normalized to have a maximum value of 100 as follows:

2) RESPONSE INDEX (WEIGHTED) Sum (Individual Flight Response Ratings) 100
2 Total No. Flights Flown 3

To illustrate, a student who was never airsick durinig training would
have a weighted airsickness response index of 0.0; a student who was
severely airsick on all of his flights would have a correspcnding weighted
index of 100.0; a student who was mildly airsick on 50 percent of his
flights would have an index of 16.7; and a student who was severely
airsick on 50 percent of his flights would have an index of 50.0. In
the case of the medication usage question, a response rating of 0 was
assigned to the item if medication was not used on the flight, and I if
used. The wreighted index was also normalized to have a maximum value of
100.0, thus resulting irn the unweighted and weighted indices for this
one item being identical.

The resulting group statistics for the response indices of the VT-
86-AJN students are presented in Table Ill. Statistical parameters
listed for each response variable include the group mean, standard
duviation of the observations, standard error of the mean, minimum and
maximum values observed, group median, the total number of observations
(students) in the data base, and the Kolmogorov-Smirnov deviation statistic.
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Table 11!

Statistical listing of the [light response indices and laboratory test scores for the I
Squadron VT86.AJN study population. Data presented for each response variable include
the mean, standard deviation, standard error of the mean, minimum, maximum, median,
and total nunber ul' students. In addition, the deviation-statistic associated with
the nonparametric Kolmogorov-Smirnov one-sample test of goodness of fit of the distribu-
tion of the observed data to the distribution of an equivalent theoretical Gaussian
population is listed at the right.

RESPONSE VARIABLE STATISTICAL PARAMETERS
NO. DESCRIPTION MEAN S.DEV. S.ERR, MIN MAX MEDIAN N DEV

I S-AIRSICKNESS INDEX-UL 13.6 13 3 1.4 . 53.8 11.1 96 143
2 S-VOMITIN', INDEX-UU 4.8 a 6 .9 a 58.8 .8 96 310
3 S-P.DEGRADATIOH INCEX-UW 5.7 9.6 1.0 0_ 46.2 .6 96 .311
4 S-NERVOUSNESS IHDEX-UV 31.5 29.7 3.2 .0 18.08 22.5 06 .;9§
5 S-MEDICATION INDEX-UW 2. • 6.3 .7 .8 29.4 .8 96 .46
6 S-AIRSICKNESS IHDEX-U 6. 6. 2 7 e 25.6 3.7 96 s1#
7 S-VOMITIHG INDEX-W 2.6 4. 7 5 8 21. 7 .8 96 34S
8 S-P.DEGRADATION INDEX-U 2.4 4.3 .5 .8 23.1 .8 66 25#
9 S-NERVOUSNESS INDEX- 11.9 11.6 1. 3 .8 47.2 7.8 96 .19*

18 S-MEDICk ION INDEX-U 2.5 6. 3 .7 .8 29.4 .8 96 .46#
It I-AIRSICXNESS INDEX-UV 6.9 9.5 1.8 . 50.8 4.3 96 .220
12 I-VOMITING INDEX-UU 4. 5 4. 7 9 . 56.6 .8 96 340
13 I-P DEGRADATION IHDEX-UW 3.7 6. 7 7 . 33.3 .a 96 373
14 !-NERVOUSNESS INDEX-UW 12.9 11.6 1.3 .0 65.6 18.8 96 .15#
15 I-TURBULENCE INDEX-UW 27.3 13.2 1.4 .8 59.1 27.8 96 .67
16 I-AIRSICKNESS IHDEX-U 3.1 4.9 5 . 23.2 1.4 96 .230
17 I-VOMITING INDEX-W 2.2 4.4 .5 .8 28.3 . 96 .340
18 I-P, DEGRADATION INDEX-U 1 6 3 4 .4 .8 22. 2 h) 96 .373
19 I-NERVOUSNESS INDEX-U 4.7 4. .5 .8 23.3 3.6 96 .176
28 I-TURBULENCE INDEX-W 12.3 6.4 7 .0 29. 12.4 96 .98
21 ACADEMIC GRADES-BASIC 49. 9 9.9 8 31. 3 64. 58L 8 92 .84
22 FLIGHT GRADES-BASIC 3.8 .8 .0 3.8 3.1 3.8 92 .173
23 TMSQI-MS HISTORYPART 1 7. 2 9.6 1. 3 8 33.9 4. 5 45 .280
24 TMS22-MS HISTORY:PART 2 4. 9 7.2 1 1 9 27.3 .8 45 .281
25 TMS03-MS HISTORY:SUM 12.1 12.5 1.9 .8 51 9 19.3 45 .219
26 TSANX-STATE/ANX.QUEST. 30.6 8 2 1.2 20.8 54.8 28.5 44 .16
27 TTANX-TRAIT/ANX.QUEST. 29.3 6.6 1.9 29.9 52.9 28.8 44 .15
28 TBVDT-BVDT TIME OF DAY 8 9 .9 . 1 7.7 13.9 a. B 45 .14
29 TOVDR-BVDT RATER 14,9 6.6 1.8 7.8 36.8 13.8 45 .17
38 T8VDS-BVDT SELF-RATING 13. 9 6.9 1. 5 8 3.8 11. 45 .289
31 TBVDP-BVDT POST-RATING 4.4 19.3 1.6 .8 49.0 1.8 44 .32#
32 TVVSPI-VVIT STATIC-RIGHT 121 5 1.1 1. 5 90.8 19. 0 126. 45 .250
33 TVVSP2-VVIT STATIC-WRONG 5. 1 6. 9 1.8 . 27. 3. 45 .239
34 TVVSP3-VVIT STATIC-OMIT 2. 4 4. 9 . 7 .9 27.8 . 45 .31#
35 TVVDPI-VIT DYNAMIC-RIGHT 76.8 35 9 5.4 9.8 129.8 75.8 45 .12
36 TVVDP2-VVIT DYNAMIC-JRONG 9.8 9.2 1.2 .8 28.8 8.8 45 .1637 TYVDP'I-VVIT DYNAMIC-OMIT 43.1I 36.8 5.5 le 129.0 39.9 45 .18

38 TYVIR-YVIT RATER 15.1 6.5 1.8 6.8 35.3 13.8 45 .16
39 TVVIS-VVIT SELF-RATING 13.6 5 7 .9 5.8 25.8 13.8 45 .13
48 TVVIP-VVIT POST-RATING 4. 9 9. 4 1. 4 . 42.9 1. 8 45 .361
41 TYVIT-VVIT TIME OF DAY 18.1 1.3 .2 7.9 14.2 18.1 45 .18
42 ACADEMIC GRADES-ADVANCED 98.8 4.8 .5 79.2 99.7 98.1 78 .85
43 FLIGHT GRADES-ADVANCED 3.8 .8 .8 2.9 3.1 3.0 78 .86

S = STUDENT RESPONSE DATA UJ = UNWEICHTED RESPONSE INDEX
I = INSTRUCTOR RESPONSE DATA W r WEIGHTED RESPONSE INDEX
@ = SIGNIFICANT BEYOND THE .1 LEVEL
# a SIGNIFICANT BEYOND THE .81 LEVEL
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Response variables 1 through 10 in that table represent the responbe
indices derived from the student-baied questionnaire data; and variables
1i through 20 correspond equivalently to the indices derived from the

instructor-based qaestionnaire data. (It should be noted that the N
value of 86 in this table is less than the 92 students used in the
compilation of the Tables I and II data. This arises because the Table
III flight indices were not calculated for any student who submitted
less than four questionnaires - - in this case, 6 students.)

Variables 23 through 41 in Table III describe the performance of
the student group on assorted elements of the motion reactivity test
battery given to many of the students prior to their beginning flight
Lidil.ing in Squadron VTIO. In brief, TMSQ1,, TMSQ2, and TMSQ3 (varlab]:,s
23, 24, and 25, respectively) pertain to a motion sickness history where
TMSQ1 and TMSQ2 involve motion sickness experiences prior to and follow-
ing age 12, with TMSQ3 equal to the sum of the TMSQ1 and TMSQ2 scort:,s;
TSANX and TTANX (variables 26 and 27) to a state/traig anxiety test;
TBVDT, TBVDR, TBVDS, and TBVDP (variables 28 through 31) to a Brief
Vestibular Disorientation Test (BVDT); TVVSP1, TVVSP2, and TVVSP3 (vari-
ables 32 through 34. to the static performance element of a Visual/
Vestibular Interaction Test (WIT); TVVDPI, TVVDP2, and TVVDP3 (variables
35 through 37) to the dynamic performance clement of the VWIT; a!)d
TVVIR, TVVIS, TVViP, and MVVIT (variables 38 through 41) to the motion
sickness rating ?lement of the VVIT.

In the interpretation of the numerical magnitude of the mean data
presented in Table III, it should be realized that for the 20 tlight
indices, high scores denote poor performance and low scores; 7,(,od perform-
ance (or in the case of the turbulence measure, high scores represent
greater stress than low scores). Correspondingly, for the iivijorlty of
the motion reactivity test battery scores, high scores deaote either
poor performance or greater susccptibility to motion stress. In the
case of two test scores (TVVSP1 and TVVDPI), the converse is true in
that these two variables pertain to the number of correct responses
produced by the students while performing the related test tasks. In
the case of the TBVDT and TVVIT variables, no magnitude relationship
exists relative to performance in that these measures describe the time
of day (24-hour clock) that the BVD and VVI Tests were given to the

student group.

As with the questionnaire data collected previously '2--), the
distributions of the 20 Squadron VT86-AJN flight indices ar# generally
skewed toward the lower values of the response scale, with Lhe median
values of Table III consistently falling below the related means.
Similarly, the results of a Kolmogorov-Smirnov one-sample test of goodness
of fit (2) of the normalized cimulative distribution of the ',served
data to an equivalent Gaussian, distribution with the same mean and
standard deviation as the observed data indicate non-normality of the
data. As indicated by the significance symbols adjacent to the Kolmrogorov-
Smirnov deviation statistic labeled as DEV in Tab>,• III, the null, hypothesis
that the distribution of the observed data is the same as a Gaussl.an
distribution must be rejected at the .01 significance level or greater
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for the vast majority of the 20 flight indices. Plots of the normalized
cumulative frequency distributions of the unweighted and weighted flight
indices, along with their equivalent theoretical Gaussian distributions,
are presented in Figures Cl through C5 of Appendix C for both the student
and instructor-derived questionnaire data. Figures C6 through Cll plot
similar data for the motion reactivity test results (variables 23 through
41) of the squadron students.

The unveighted, student-based indices in Table III imply that for
this specific VT86-AJN population, the mean or "average" student experienced
airsickness on 13.6 percent of the hops flown, vomited one or more times
on 4.8 percent of the hops, and experienced inflight performance degrada-
tion due to airsickness on 5.7 percent of the hops. With the exception

of the vomit index, the equivalent unweighted indices calzulated from
the instructor-furnished data ir.dicaie considerably lower mean values
for the corresponding variables. This same relationship applies to the
weighted indices presented in Table III. The mean value of 2.5 for the
medication usage index denotes The relatively low usage of medication in
the squadron. However, as mentioned in the first report (3) such "average-
student" interpretations of ti.e Table III mean data are highly restricted
by the non-Gaussian nature )f the related distributions.

COMPARISON OF GRADUATED/ATTRITED STUDENT PERFORMANCE

To compare the flight and laboratory performance of the VT86-AJI
students who graduated from this squadron with those students who attrited
during training in this squadron, a Kruskal-Wallis one-way analysis of
variance by ranks test (2) was applied to the data associated with these
two subpopulations. In Table IV a tabulation is made of the Kruskal-
Wallis H statistic corrected for tied scores; the total number of students
included in the analysis; and, for each of the two groups, the mean,
standard deviation of the observations, the standard error of the mean,
and the number of students included in the group. To disprove the null
hypothesis that the two student groups came from the same c identical
population requires that the H-statistic equal or exceed 3.84 at the .05
significance level, 6.64 at :he .01 level, and 10.83 at the .001 level,
assuming that H is distributid like chi square with one degree of
freedom. In conformance with4 the analytical procedures established on
an a priori basis in t1he first report (3) of the series, a probability
of .01 was arbitrarily selected as the minimum degree of statistical
significance that would be symbulically identified in Table IV (and in
all following tables).

In Table- IV, the virtual absence c0 significance symbols adjacent
to the H statistic listing indicates that the!re is little difference
between the graduated and attrited subpopulaitions relative to the vast
utajority of the flight and laboratory response variables. The only
exceptions are the two turbulence indices (variables 15 and 20) anJ the
flight grades (variable 22) received during basic training in Squadron
VTIO. For these three variables, the mean values were -n•allest rnr the
attrite group. This lack of statistical differences between the twc
populations for any of the airsickness-related flight indices was also
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Table IV

Result., of a nonparametric krusk~al-Wallis one-way -'nalysis of variance comparison of students
who graduatpd from Squadron VT86-AJN with students 01o -itirited firn the squadron aftler begin-ling
flight training.

RES"ONSE VARIAPLE H GRAD40,ED ATTRI'ED
NO. DESCRIP%1ION STATISTIC MEAN S.DEV. S ERR_ H MEAN S.DLV. 6 ERR N----------------------- ------------------------- ------------------I
1 S-AIRSICKNESS INDEX-UU 1.62 14.0 13.1 1 5 79 18.4 15.9 5.6 8
2 S-VOMITING INDEX-UU 2. 69 5. 2 8. 9 .9 ;9 9 ?. 5 . 9 a
3 S-P.DEGRADP'IOH INDEX-UU .84 5.8 9.6 1.6 79 4.5 20.1 3.6 8
4 S-NERVOUSNESS INDEX-UU 2 .31 33.60 30. 2 3.4 7 t 17. 1 z 1.89 7 4 8

5 S-MEDICAT13N INDEX-UW 1.82 2.7 6.5 .7 79 .8 . .6 8

6 S-AIRSICKNESS INDEX-U 1.66 6.1 6.1 .? 78 4.6 7,5 2.6 8
7 S-VONITING INDEX-U 2.89 2.9 4.98 .5 79 1.3 . a . 3 8
8 'SP.IIFCRADATIO'I INDEX-U 1 96 2.5 4. 4 .5 r8 1. 3 3. 4 1.2 9
9 S-NERVOUSNESS INDEX-U 2.61 12.2 11. 7 1 .3 i's ?.5 16. 5 3. 7 8

1IS -MEDICATION INDEX-U 1.92 2. 7 6. 5 . 7 79 . 9 .69 .8 a
11 ý-AIRSICKNiSf5 IND7X-UW 1 .81 7. 3 9. 6 1 .1 79 3. 4 7. 2 2.5 9
12 I-4OMIrINC I:,IOEX--UW 4.48 4. 9 9.80 1 .9 79 .6 .9 a5
13 I-P.DEGRADATION INDEX-UW 1.65 4.0 7.6 .8 79 .9 2.5 .9 9
14 I-NERVOUSNESS INDEX-UV . 35 13.8 1 1.5 1. 3 79 1 I. 13. 6 4. 8 e
15 I-TURBULENCE INDEX-Uk! ?.530 28.4 13.0 1.5 70 15.9 9.4 3.3 8
16 I-AiRsir'.4ESS INDEX-U 2.1t4 3. 3 4. 9 .6 79 1. 1 2. 4 .9 6
17 I-VOMIr'ING INDEX-U 4 .40 2.5 4. 6 .5 78 .80 .80 .6 8
18 I-P.DFGRADATION INDEX-U .W 1.7 3.6 .4 78 .3 .8 .3 8
19 1-HERVCJSNESS INDEX-U .5ý 4.9 4.5 .5 78 3.9 4.5 1.6 a I
28 I-TURBULENCE INDEX-U 11.66* 13.1 6.2 .7 79 ..7 3. 1 1 .1
21 ACADEMIC GRADES-BASIC 2.75 58.4 7.7 .9 09O 46.0 9.3 2.7 12
2P FLIGHT r.;RDES-BASIC 11.86* 3.9 .8 .6 89 3.8 .8 .8 12
23 TMSQ1-MS HISTORZY:PART I 1 .47 7.8 8.7 1 .4 7.7 4.C 9. 1 2.9 8 1
24 TMSQ2-MS HIST09Y.FART 2 .68 4.9 6. 6 1 . I s? 5. 2 18 2 3. 6 8
2 ! TMSO3-MS HISý(OqY: sum 1 .26 12.6 12. 2 2 9 37 5 6 14. 4 5. 1 9
26 TSANY-STiATE/ANX.QUEST 2.33 31.1 7.5 1.3 36 28.5 11.73 4.6 aI.27 TTA4.X-TRAIT/,AMX.QUEST. .56 29.2 6.9 1.1 36 30.9 5 4 1.9 a
28 TBVDT-BVDT TIME OF DAY .21 8.9 1.0 .2 37 8.8 .3 .1 a
29 TBVPR-BVDT RATER 41 15.4 6.9 1.1 3? 12.1 3.9 1.4 a
38 T0VDS-8D SELF-RATING .99 13.9 7. 3 1 .2 3? 13. 5 '.3 1 .3 9
£1 'BVDP-BVDT POST-RATING 22 5.1 11.3 1.9 36 1-5 2.1 .8 q
32 TYVSPI-VVIT STATIC-RIGHT 1. 38 122. 7 S.6 1 .4 3? 116. 1 14.86 5. 2 a
33 TVVSP2-VVIT STATIC-WRONG .62 4. 8 S. 5 2 .1 3? 6. 6 8. 9 3. 1 8
34 TYYSP3-YVIT STATIC-OMIT 3. 93 1.5 2.8 .5 3? C.2 9.9 a I. 2 8
35 TVYDPI-YYIT DYrNAMIC-RIGHT .34 74.3 37.8 6.2 3? 84.0 25.5 9.0 9
36 TYVDP2-YVIT DYNAMIC-WRONG 1.49 9.1 8.2 1.3 3? 13.1 7.9 2.9 a
37 TYYDPI-YYIT DYNAMIC-OMIT .47 45.5 38. 6 6. 3 'It 31. 9 25. 7 9. 1 a
30 TYYIR-YVIT RATER i. 6? 15. 7 6. 9 1. 1 37 *42. 2 3. 3 1 I 8

39 TVVIS-VVIT SELF-RA(ING 1.68 14 2 5.7 3 ? 11.ý 5.4 1.9 t3
48 TVVIP-YVIT PUST-RATIHG 1 .57 5. 8 0. 2 1 7 37 .9 1 .8 .4 8
41 TYVIT-YVIT TIME OF DAY .24 16.6 1.4 ~377 1.8.2 1.9 .4 9

3 STUDENT Rý7 9',t4SE DATA UU - UNUC'GNTEII tKCSPONSE INDEX
I - INSTRUCTOR RESPONSE DATA U - WEI(';NED REsroNSE ING'.K
0 SIGNIF:CANT BEYU14D THE .01 LEVEL

- SIG'1FýCAi T BEYOND fHE 981 LEVEL
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observed in the VT86-AJN students who flew the old flight syllabus (4).
These findings are in contradistinction to the data reported for Advanced
Squadron VT86-RIO (5) and Basic Squadron VT10 (new syllabus) (6) where
the airsickness indices were generally higher for the attrite group.

COMPARISON OF STUDENT SUBPOPULATIONS dASED UPON AIRSICKNESS SENSITIVITY

In the first report (3) of the series it was emphasized that a
long-term objective of this laboratory is to develop and validate an
airsickness test battery to identify both susceptible and nonsusceptible
aviation candidates. In this study, the inflight data derived from both
the students and the instructors over the full course of the NFO training
syllabus serve to quantitatively distinguish between those students wlo
repeatedly suffer airsickness (high flight index scores) and those
studenLs who rarely experience airsickness (low flight index scores).
Accordingly, separat.:on of the students into susceptible and nonsuscep-
tible groups based upon their actual flight performance provides some
direct insight into the relative merit of the individual components of
the prototype motion reactivity test battery given to the students prior
to their beginning NFO flight training. In the paragraphs that follow,
such ai approach is pursued by comparing the flight and laboratory data
produced by the most susceptible students (arbitrarily defined as those
students with high scores falling into the upper decile of the entire
population for a given airsickness measure) with those produced by the
least susceptible students (arbitrarily defined as those students who
never experienced airsickness during training).

As with the first report (3) of the series, the initial comparison
to be made involves the weighted airsickness index data derived from the
student questionnaire (variable 6). The nonsusceptible population was
defined as those students who never reported experienci.ng airsickness
during flight training in Squadron VT86-AJN. This corresponds to airsick-
ness index scores of 0.0 for both the unweighted (variable 1) and weighted
(variable 6) responses. The susceptible or airsick population was
defined as those 10 percent of the student population who had a weighted
airsicknpds index that equaled or exceeded the 90th centile (upper
decile) reference established by the normalized cumulative frequency
distribution for this particular index. The student-based distribution
data presented in Figure Cl-B indicate that at the 90th-centile point,
the weighted index score was approximately 15.9. These distribution
data also indicate that the nonairsi k group included approximately 24
percent of the total squadron population for which airsickness index
scores were determined.

With these criteria serving to define the airsick susceptible and
nonairsick susceptible populations, a Kruskal-Wallis one-way analysis of
variance was performed on each of the response variables, the results of
which are tabulated in Table V. As iidicated by the significance symbols
entered adjacent to the H statistic, the airsickness-related flight
indices (variables 1-3, 6-8, 11-13, and 16-18) were significantly dif-
ferent for the two populations, which, by definition, would occur as a
result of the criterion selected to distinguish between the two popula-
tions. The medication index also shows a higher drug usage rate for the

24(



Table V

Results of a Kruskal-Wallis one-way analysis of variance comparison of students who never experi-
enced airsickness during flight training with students who had a relatively high incidence of
lirbickness. The nonairsick group, defined as those students with a weighted airsickness index

(variable 6 from the student questionnaire) equal to 0.0, represented approximately .4 percent of
the trt s-,dy population. The airsick troup, arbitrarily established ab the misL sensitive
10 percent of the students, was defined ac those individuals with a weighted airuickness index
equal to .'r greater than 15.9 which marked tht upper decile for this measure.

--------------------------------------------------------------------------------------------------------

, VARIRALE N NONAIRSICK AIRSICK
( ro. DESCRIPTION STATISTIC MEAN 5 BEV. S. ERR. N MEAN S 3EV. S.ERR. N

------------------------------------------------------------------------------------------------------

I S-AIRSICKNESS INDEX-UU 27.32i .6 .8 .3 21 41.6 7.9 2.6 9

2 S-VONITING INDEX-U 26. 13* .3 .6 . 21 16. 5 17.6 5.9 9

3 S-P.DEGRADATION INDEX-UN 21.?22 .2 1.6 2 22 18.9 14.6 4.9 9

4 S-NERVOUSNESS IN1EX-UV 6.950 21.8 21.1 4.6 21 51.1 27.9 9.3 9

S S-MEDICATION INDEX-UW 16.34e . 6 . 21 7.5 9.7 3.2 9

6 S-AIRSICKNESS INDEX-V 27.97. 3 S 3 21 19.3 3.4 1.1 9

7 S-VOMITING INDEX-W 20.13. 6 S . 21 0.5 0.1 2.? 9
I S-P.3EGRADATION INDEX-V Z2.720 .3 .1 21 3.3 7.7 2.6 9
9 S-NERVOUSNESS INDEX-V 6.593 7.5 7. 4 1.6 21 20.9 1. 1 3.4 9

13 S-MEDICATION INDEX-V 16.340 3 .3 .9 21 7.5 9.7 3.2 9
it I-AIRSICKNESS INDEX-UV 23.36* . 6 . 21 13.7 13 6 5.2 9
12 I-VOHITING INDEX-UV 20.13* 3 .6 21 16.3 18.2 6.1 9

13 I-P.DEGRADATION INDEX-UN 23.13. .6 .6 21 11.1 11.4 3.0 9
14 I-NERVOUSNESS INDEX-UO .06 14.2 12.6 2.? 21 13.6 9.4 3.1 9
15 I-TURRULENCE INDEX-UM 4.44 22.6 14.6 3.2 21 36.5 13.1 4.4 9

16 I-AlkSICKNESS INDEX-V 23.35. .3 .3 .3 Z 26.6 6.6 2 9 9
17 I-VIITING INDEX-V 23.13* .3 .6 .6 21 7.7 3.6 2. 9

13 I-P.'UEGRADATION 1NDEX-V 26.13. .6 .6 .3 21 5.7 7.6 2.5 9
19 I-NERVOUSHESS INDEX-V .61 5.5 5.4 .2. a1 4.6 3.1 2.6 9
20 I-TURBULENCE INDEX-V 5.34 9.7 6.4 1,4 21 17.3 7.6 P.5 9
21 ACADEMIC GRADES-BASIC 1.72 46.9 6.1 1.3 21 53.3 6.5 2 9
22 FLIGHT GRADES-BASIC 2 48 33 .6 .6 21 3.3 .6 .6 9

23 TMSOI-HS HISTORY:PART 1 1 71 6.9 11.4 3.9 9 11.2 7.3 3.7 4
24 TNSQ2-NS HISTORY, PART 2 2.15 6.6 10.1 3.4 9 11.5 6 3 3 3 4

25 THSQ3-MS HISTORY, SUM 1.3 12.6 17.6 5.9 9 22.3 11 1 5 5 4
26 TSANX-STATE/'ANX.QUEST. 7.356 261 6. 4 2.1 9 39.7 3.9 I 9 4
27 TTANX-TRAITANX.QUEST. .32 29.3 6.1 2.3 9 33.3 5.5 2 7 4
23 T3VDT-6VYT TIME OF DAY .29 5 .6 .2 9 8.6 .5 2 4

29 TBVDR-BVBT RATER 1.93 12.8 3. 3 1.1 9 20.3 12.1 5 6 4
36 TUVDS-3VDT SELF-PATING .73 11.3 5.3 1 . 9 14.2 8.1 4 6 4

31 TBVDP-SVDT POST-RATING 2.34 1.4 2.0 9 9 12.7 21.3 19 5 4
32 TVVSPI-VVIT STATIC-RIGHT .22 119.1 12. 4.3 9 124.7 3.5 1 7 4
3J TVVSP2-VVIT STATIC-URONG .21 6.6 7.9 2.6 9 3.6 2.4 1 2 4
34 TVVSP3-YVIT STATIC-OMIT .33 4.3 3.6 2.9 9 1.2 2.5 1. 2 4
35 TVVDPI-VVIT DYNAMIC-RIGHT .39 73B9 39. 13.3 9 69.7 44.6 22 9 4
36 TVVDP2-VVIT DYNAMIC-URONG 1.73 6.3 7.7 Z.6 9 12.7 9.8 4.9 4
37 TVVDP3-VVIT DYNAMIC-OMIT .36 41.8 40.1 13.4 46.5 52.3 26.1 4
36 TVVIR-VVIT RATER .66 13.4 6;. 2 9 15.7 5.9 3 e 4
39 TVVIS-VVIT SELF-RATING 1.26 11.4 5.3 1.6 9 14.5 4.7 2 3 4
46 TVVIP-YVIT POST-RATING .91 2.1 3.8 1.3 9 8.5 9.3 4.7 4
41 TVVIT-VYIT TIME OF DAY .95 102 1.3 3 9 16.1 .9 4
42 ACADEMIC GRADES-ADVANCED 4.94 96.5 3.3 3 15 92.3 2.9 1 1 7

43 FLIGHT GRADES-ADVANCED 2.53 3.6 .3 .3 15 3.6 ., 6 7

S a STUDENT RESPONSE DATA UV - UNVEIGHTED RESPONSE INDEX

I a INSTRUCTOR RESPONSE DATA V = WEIGHTED RESPONSE INDEX
I - 'IGNIFICANT BEYOND THE .61 LEVEL
0 a SIGNIFICANT BEYOND THE .331 LEVEL
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airsick group. Differences were also obs. rved for the student-based
nervousness indices. In the case of the -9 motion reactivity test vari-
ables listed in Table V data were available for only four of the nine
students comprising the airsick susceptible subpopulation, thus restrict-

ing the statistical interpretation of these results.

Although the primary intent of Table V is to provide some insight
into which elements of the motion reactivity test battery provide the
greatest potential to identify airsick susceptibles, the flight indices
proper also provide a quantified description of the mean performance of
the airsick group in this particular squadron. Accordingly, the flight
indices in Table V allow comparisons to be made between the airsick sus-
ceptibles in this squadron and the susceptibles reported for other
squadrons. For this reason, the comparative data which follow in Tables
VI through IX are presented in an identical to-mat to that used in
previous reports (3-6). Because of the low N values associated with the
motion reactivity test scores of the susceptible groups, these data will
not be discussed.

Table VI is a similar comparison between students with a high
(upper decile) weighted vomiting index (variable 7) and students who
never reported vomiting on their training flights. This latter group.
representing approximately 62 percent of the squadron population for
which student-based weighted vomiting index scores were available,
includes both those Table V students who were never airsick and thus
never vomited and those students who were occasionally airsick but never
reported vomiting. The upper decile, as derived from the Figure C2-B
distribution data, for the susceptible student group was marked by a
weighted vomiting index score of approximately 8.8.

In like manner. A Kruskal-Wallis one-way analysis of variance was
applied to two student groups distinguished by the amount of inflight
performance degradation experienced as a result of airsickness. As
indicated in the heading of Table VII, the nonsusceptible student group
was defined by those students who never reported the incidence of per-
formance degradation. This group represented approximately 56 percent
of the total study population. The susceptible group was defined by

those students with a weighted performance degradation index (variable
8) that equaled or exceeded the upper decile score of approximately 7.0
as derived from the Figure C3-B distribution data.

Table VIII presents a corresponding analysis based upon the weighted
:tirvousness index scores. The upper decile used to identify the highly
iýervous population was marked by a weighted nervousness index score
(variable 9) of approximately 29.9 as derived from the Figure C4-B
distribution data. The non-nervous group, i.e., the students who reported
they never experienced nervousness during flight training, included only
17 percent of the total study population. In this analysis, significant
differences between the two populations were found for several of the
airsickness-related flight indices. The mean values were consistently
higher for the nervous subpopulation.

LL
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Table VI

Results of a Kruskal-Wallis one-way analysis of variance comparison of students who never
reported vomiting during flight training 4ith students who reported a relatively high incidence
of vomiting. The non-vomit group, defined is those students with a weighted vomit index (vari-
able 7 from the student questionnaire data) equal to 0.0, represented approximately 62 percent
of the study population. The vomit group was defined as those students with a weighted vomit
index equal to or greater than 8.8 which marked the upper decile for this measure.

RESPONSE VARIABLE H NOHVOMIT VOMIT
NO, DESCRIPTION STATISTIC REAN S,.EV. S.ERR. H MEAN S.DEV. SERR. N

------------------------------------------------------- --------

I S-AIRSICKNESS INDEX-UW 15.240 3.3 9.3 1.3 53 33.2 16.2 5.4 9
i2 S-YOMIITING INDEX-UV 69. 510e .B . . 53 23. 4 12.,9 4. 3 9

3 S-PI.DEGRADATION INflEX-UW 13. ?5 2.4 5. 7 . 53 17.2 16.4 5.5 9
4 S-HERVOUSNESS INDEX-UW 4.66 24.8 24.7 3.4 53 46.9 34.2 11.4 9

5 S-MEDICATION INDEX-UW 21.15* .3 1.8 .2 53 9.5 11.6 3.7 9
6 S-AIRSICKHESS INDEX-U 19.51* 3.4 4.5 .6 53 14.5 6.6 2.2 9
7 S-VOMITING INDEX-U 63.51* .1 . .6 53 14.1 4.2 1.4 9
8 S-PDEGRADATION INDEX-U 14.960 .9 2.1 .3 53 3,9 3.4 2.8 9
9 S-NERVOUSHESS I1DEX-W 3.42 9.6 11.1 1.5 53 16.2 11.7 3.9 9

16 S-MEDICATION IkDEX-W 21.16* .3 1.8 .2 53 9.5 21. 3. 7 9
11 I-AIRSICKNESS INDEX-UW 26.22* 2.3 4.4 .6 53 21.3 14.8 4.9 9
12 I-VOMITING INDEX-UW 35 92* .2 1.2 .2 53 21.2 It 3 5.4 9
13 I-P.DEGRADATION INDEX-UW 27,36* .3 1.6 .2 53 14,6 11.3 3.9 9
14 I-NERVOUSHESS INDEX-UW 3.59 11.1 10.3 1.4 53 18.1 16.7 3.6 9
15 I-TURBULENCE INDrX-UW 3.57 25.2 12.5 1.7 53 38.0 21.6 7.2 9
16 I-AIRSICKNESS INDEX-W 21.06. .8 1.5 .2 53 11.9 ?.9 2.6 9
17 I-VOMITING INDEX-W 35.92* .1 .7 .1 53 11.3 7.4 2.5 9
19 I-P.DEGRADATION INDEX-W 27.36* 2 .5 .1 53 ?. 4 7. 3 2.4 9
19 I-HERVOUSNESS INDEX-W 2.63 4 2 4.2 .6 53 6.9 3.b 1.2 9
23 I-TURBULENCE INDEX-U 5.23 11.6 5.7 .9 52 13.4 13.1 3.4 9
21 ACADEMIC GRADES-SASIC 1. 3 49. 7. 8 2.1 53 52. 6 .8 2,6 9
22 FLIGHT GRADES-BASIC 3.98 3.6 .9 .9 53 3.9 .6 . 9
23 TMSQI--NS HISTORY. PART I .11 7.5 a. 7 12.6 29 4. 3 4.5 2.6 3
24 TMS92-MS HISTORY. PART 2 2.42 4. ? 7. 1 1. 3 29 7.9 3.9 1 .8 3
25 TMS03-MS HISTORY. SUM .96 12 1 12.5 2. 3 29 12.2 1. 7 1 . 3
26 TSANX-STATE/ANX.QUEST. 4.74 29.5 6.6 1.3 29 38.6 1.0 .6 3
27 TTANX-TRAIT/ANX. QUEST. 59 29 6 •. 9 1 .3 29 26. 7 2. 3 1 .3 3
28 T8VDT-BVDT TIME OF dAY .13 9.8 1.6 .2 29 9.4 1.7 1.3 3
29 TBVDR-9VIT RATER 1.95 14 3 6. 2 1 1 29 16.9 3.2 .9 3
39 TBVDS-BVDT SELF-RATING .71 12.3 5.9 1.1 29 14.7 5.8 3.3 3
31 TBVDP-BVDT POST-RATING .63 2.9 8.2 1.5 29 1.6 1.9 .6 1
32 TVVSPI-VVIT STATIC-RIGHT .1 122.1 18 8 2. 29 125.9 3.5 2.0 3
33 TVVSP2-YVIT STATIC-WRONG 24 4 .4 7. 1 3 29 4.9 3.5 2.9 3
34 TVVSP3-VVIT STATIC-OMIT 1.49 2.6 5. 6 I. 29 .6 .9 .9 3
35 TVVDPI-VVIT DYNAMIC-RIGHT .07 75.3 35.4 6 6 29 62.7 53. 33 6 3
36 TVVDP2-VVIT DYNAMIC-WRONG 15 9.1 9.7 1 6 29 8.3 3.5 2 . 3
37 TVVDP3-VVIT DYHAMIC-OMIT .18 44.6 36.1 6 7 29 59.6 54.7 31 6 3
38 TVVIR-VVIT RATER .03 14. 6 6. 1 1. 1 29 14.7 5. 1 2.9 3
39 TVVIS-VVIT SELF-RATING .09 12.9 5.2 1.9 29 11.7 2.3 1.3 3
40 TVVIP-VVIT POST-RATING .9s 3. ? 6. 6 1 .2 29 5. 3 9.4 4.8 3
41 TVYIT-YVIT TIME OF DAY .55 10.2 1.5 .3 29 9.5 1.3 .8 3
42 ACADEMIC GRADES-ADVANCED .47 96.1 3.8 .6 45 91.5 4.7 1.6 9
43 FLIGHT GRADES-ADVANCED .96 3.6 .9 .6 45 3.8 .1 .6 9

S = STUDENT RESPONSE DATA UW a UNWEIGHTED RESPONSE INDEX
I , INSTRUCTOR RESPONSE DATA W a WEIGHTED RESPONSE INDEX
0 - ';I4IFICANT BEYOND THE .01 LEVEL

S !GHIFICANT BEYODNY THE Bell LEVEL
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S~Table VII

Results of a Kruskal-Wallis one-way analysis of variance comparison of students who neverreported experiencing performance degradation due to airsickness with students who reported a

relatively high incidence of performAnce degradation. The non-affected group, defined as those
students with a weighted performance degradation index (variable 8 from the student question-
naire data) equal to 0.0, represented approximately 56 percent of-the study populdtion. The
affected group was defined as those students with a weighted performance degradation index equal
to or greater than 7.0 which marked the upper decile for this measure.

RESPONSE VARIASLE H NO PERDEGRADATION HIGH PER. IEGRADATION
NO. DESCRIPTION STATISTIC MEAN $.REV. S.ERR. N MEAN $.DEV. $.ERR. N

I S-AIRSICKNESS INDEX-UV 14.62* 7.6 10.4 1.5 41 26.2 15.5 5.5 4
2 S-VOMITING INDEX-UV 22.65* 2.2 7.8 1.2 49 17.7 16.9 3.9 9
3 S-P.DEGRADATIOM INDEX-UV 54.57* .6 . . 46 27.4 9.8 3.5 1
4 S-NERVOUSNESS INDEX-UI 4.51 '3.6 26.9 3.9 46 42.8 29.6 10.4 9
5 S-MEDICATION IHDEX-UW 16.19* .4 1.9 .3 46 18.2 11.6 4.1 6
6 S-AIRSICKNESS INDEX-V 26.660 2.6 3.6 .5 46 15.7 6.9 2.4 6
7 S-VOMITING INDEX-V 23.22s 1.* 3.1 .4 46 11.7 6.9 2.4 a
8 S-P DEGRADATION INDEX-W 54.570 . ..6 6 46 13.3 5.4 1.9 6
9 C-HERYOUSNMES INDEX-¥ 5.74 e.2 9.6 t.4 46 t?.6 11.3 4.6 6

10 5-MEDICATION INDEX-V i1 too .4 19 .3 46 26.2 11.6 4.1 6
1 I-AIRSICKNESS INDEX-UV to.$$* 3.4 6.1 1.2 46 16.2 11.9 4.2 6
12 I-VOMITING INDEX-UU 17.19* 2.6 7.5 1.1 49 17.3 13. 1 4.6 3
13 I-P DEGRADATION INDEX-UW 21.?76 .7 2.2 .3 41 14.9 112. 4.2 6
14 I-HERYOUSHESS INDEX-UV 7.666 IIt6 16.5 1.5 49 26.3 7 3 2.6 S
15 I-TURBULEHCE INDEX-UW 2.97 24 3 12.4 1.9 48 33.6 17.9 6.3 I
&6 I-AIRSICKNESS INDEX- 10.53# 2.2 3.1 .5 46 16.3 6.3 2.9 I
17 I-VOMITING INDEX-V 17.72* .7 2.6 .4 46 16.3 ?.? 2.? a
19 I-P.DEGRADATION INDEX-V 22.61* .2 .7 .1 49 6.3 7.4 2.6 6
19 I-NERVOUSNESS INDEX-V 6.21 4.2 4.2 .6 46 6.6 2.4 .9 6
20 i-TURBULENCE INDEX-V 3.65 1o.6 5.9 .6 40 14.6 9.2 3.3 6
21 ACADEMIC GRADES-BASIC .15 49.6 7.8 1.1 46 49.2 ?7. 2.7 8
22 FLIGHT GRADES-BASIC .31 3.6 .6 .6 46 3.6 .9 .6 1
23 TMSQI-MS HISTORY PART 1 1.46 7.6 9.1 2.0 20 16.2 14.6 7.4 4
24 THS02-NS HISTORY PART 2 5.7? 4.6 7.2 1.6 26 21.9 5.6 2.9 4
25 TMS03-NS HISTORY SUM 4.17 11.6 13.1 2.9 20 286. 19.7 9.6 4
26 TSAHX-STATE/ANX.QUEST. 9.116 26.3 5.3 1.2 19 39.2 3.3 1.? 4
27 TTANX-TRAIT/AHX.QUEST. .96 27.7 5.3 1.2 19 28.7 5.7 2.9 4
S6 TBYDT-BVDT TIME OF DAY .61 9.6 1.1 .3 20 9.2 3.5 .7 4
29 TUVDR-BVDT RATER 7.596 13.8 3.8 .9 26 26.7 3.3 1.6 4
30 TBVDS-BVDT SELF-RATING 1.46 12.2 6.3 1.4 26 16.7 8.5 4.3 4
31 TBVDP-BVDT POST-RATING 2.66 1.4 2.3 .5 26 8.5 12.6 6.3 4
32 TVVSPI-VVIT STATIC-RIGHT .13 126.7 12.2 2.7 20 124.6 3 5 1 7 4
33 TVYSP2-VVIT STATIC-WRONG .61 5.? 7.9 1.6 23 3.3 2 4 1.2 4
34 TVVSP3-VYIT STATIC-OMIT .66 2.6 6.5 1.4 20 2.6 2.4 1.2 4
35 TVYDPI-VVIT DYNAMIC-RIGHT .16 73.2 38.2 8.5 26 63.2 49.9 25.0 4
36 TVVDP2-VVIT DYNAMIC-WRONG .73 5.5 6.9 2.6 26 9.3 6.2 3.1 4
37 TVVDP3-VYIT DYHAMIC-OMIT .02 47.3 38.7 8.6 20 36.7 52.3 26.1 4
38 TYVIR-VYIT RATER .73 5 7.4 1.? 26 17.6 3 7 1.6 4
39 TYVIS-VVIT SELF-RATING .22 13.4 5.8 1.3 26 15.6 6 9 3.5 4
48 TVVIP-YVIT POST-RATING .36 3.3 7.1 1.6 26 5.7 6 9 3 4 4
41 TVYIT-VYIT TIME OF DAY 2.53 16.1 1.3 .3 26 9.0 5 2 4
42 ACADEMIC GRADES-ADVANCED .16 96.2 4.6 .6 41 91.4 4.3 2.6 7
43 FLIGHT GRADES-ADVANCED .99 3.6 .6 .6 41 3.1 .6 .8 7

9 - STUDENT RESPONSE DATA U9 a UNVEIGHTED RESPONSE INDEX
I - INSTRUCTOR RESPONSE DATA V * WEIGHTED RESPONSE INDEX
0 a ?IGHIFICAHT BEYOND THE .21 LEVEL

- ýT1NIFIrAHT BEYCON• THE .Ae1 LEVEL
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Table VIII

Results of a Kruskal-Wallis one-way analysis of variance comparison of students who never
reported experiencing nervousness before or during a flight with students who reported a rela-
tively high incidence of nervousness. The non-nervous group, defined as those students with a
weighted nervousness index (variable 9 from the student questionnaire data) equal to 0.0, repre-
sented approximately 17 percent of the study population. The nervous group was defined as those
students with a weighted nervousness index equal to or greater than 29.9 which marked the upper
decile for this measure.

RESPONSE VAR IABLE N NONNERVOU1 NERVOUS ¶

NO. DESCRIPTION STATISTIC NEAN Z.VEV. SEERR. N KEAN S.llEV. $.ERR. N

I S-AIRSICKNESS INDEX-UV 6.67 7.1 I1.6 2.7 15 21 9 14.6 4 9 9
2 S-VOMITING INDEX-UM 9.956 .4 1.7 .4 iS 9.6 16.9 3.6 9
3 S-P.DEGRADATION INDEN-Uh 6.176 1 3 5.2 1.3 is 9.1 it 2 3.7 9
4 S-NERVOUSNESS INIEX-Ul 21.43* .6 .6 15 69.6 7.2 2.4 9
5 S-MEDICATION INDEX-UU 5.45 .6 6 .6 is 5.? 9.8 3.3 9
6 SýAIRSICKNESS INDEX-U 7.900 2.6 3.6 .9 is 16.3 7.6 2.5 9
7 S-VONITING INDEX-U 6 666 4 1. 7 .4 is 5.4 7. 1 2.4 9
8 S-P.DECRADATION INDEX-U 8 926 .4 I.7 .4 15 4.? 6.9 2.6 9
9 S-NERVOUSHESS INDEX-U 21.41* .6 .6 .6 15 35.6 5.s 1.9 9

19 S-MFDICATION INDFX-U 5.45 .6 .8 .6 15 5.7 9.8 3.3 9
It I-AIRSICKHFSS IN1E•,-UId 5 25 3.2 5.4 1.4 15 11.9 11. 1 37 9
12 I-VOMITING I14iEX-(j, 4 90 .9 2.3 .6 15 7.6 II .1 3.? V

13 I-P. DFGADATICt14 IHIDE.-0.I I 1.48 .4V 2.3 .6 15 4.4 6 7 2 .
14 ]-NERVOUSNESS IlLtXj.-OU j 6 z 2. 6. , 1 15' 1 2.5 19.2 6 4 .
15 I-1LIRBUWEtLE il4ItA.1-U 2 ik?1 4 1, 4 4.0 15 a I 1.) S.
16 I-AIRSItKNIk: 1Dirý-W 6 780 1.I i.1 5 15 , e I e 4
1? I-VOMITING I4DEig-W 4 .17 6 1.5 4 1 3 6 6. 5 2 2
18 I-P.DEGRADATION INIDIX-U 1.48 .1 .6 .2 15 2.3 4.8 1.6 9

19 I-NERVOUSNFSS INDEXe-W T 34 2.5 2.1 .6 15 8 4 7.2 2.4 9
20 I-TURBULENCE INEX-U 3. 6 9.9 6.4 1 .6 15 15.2 6.? 2.2 9
21 ACADEMIC. GRADFS-RCSIf: 0.6 48 5 9.9 2. 3 15 48 5 16. 9 6 9
22 FLIGHT GKAUE.-OAlr. 43 0 .w 6 15 3.6 .6 a 9
23 7MSQI-MS HIsIOfRY.PtRi 1 o0 3.9 5.6 3 9 2 ?. 1, 2.1 1.5 .
24 1MSQ?-MS I Pt4k1 2 1.88 ,0 . .6 2 2!. 2 3 e e. 2
25 7MSQ3-hS HISlORYV S'.J 68 3.9 S.6 3.9 2 9.7 5.3 3. 7 2
26 TSANX-SITAE'A:IX QUEST, 2. 67 24. 1.4 1 . 2 37.8 9 6 2
27 7TANX.-TRAI1/ANX.QUEST. .60 23.5 3.5 2.5 2 31.5 16.6 7.5
28 1BVD1-BVI'T lIMI OF T'pfy .o 9.8 1.5 1. 2 9.6 4 3 2
29 IBVPR-BVST RAiER 68 14.9 2.6 1.9 2 1'.9 3 A 2.1 2
39 1BVDS-8VP1 SiLF-PAINIG 2 4H 2 f , 4 . 2 16.( 2 8 2. 2
31 TSVDP-BVDT POST.I-RAII HG 1 .0 e b . 2 .5 . .5 2
32 1VVSPI-VVI1 SlATIC-RIGHT 60 121, 0 b. 7 4 . 2 121 '. 2. 1 t 2
33 TVVSP2-VVI , SIAIIC-UROING .88 4. o ". 4. b 2 6.80 .6 9
34 7VVSP3-VVI1 S•IlIC-ONI I.8a .6 .a .0 2 1.5 2.1 1 .5 2
35 7VVDPI-VVII D',(I4l 1 ..- le (1 t4l .09 47.8 .0 .6 2 61.5 4 .2 '-2 5 2
36 TVVPP2-VVI1 DYNAMI(.-WRONG 2.49 18.5 13.4 9.5 2 ý.5 .7 .5 2
37 1VVDP3-VVI1 DYNAMIC-OHII .08 63. 1 S.4 9.5 2 62.0 75 9 53.0 2
38 IVVIR-VYIT RARER .68 16.6 4.9 3.5 2 17.2 4.6 3.2 2
39 IVVIS-YVIT SELF-RAIING 2.46 18.5 4.9 3.5 2 1e.5 3.!. 2.b 2
49 TVVIP-YVIT POST-RATING Z.49 .5 .7 .5 2 16.5 6.4 4.5 2
41 1VVIT-VVIT TIME Oý DAY .De 9.? 2.6 1.9 2 9.? .0 .8 2
42 ACADEMIC GRADES-ADYVANCIU .1? 99,8 4.5 1 .3 11 89.6 5 3 1.9 9
43 FLIGHT GRAIIE.-AIV AHCFD 2.80 3.8 .9 .9 11 3.0 .0 .9 9

5 STUIIE14T RESPONSE IAIAA U- uNWEIGNIEDI RESPONSE INDEX
I * INSIRUIOR PESPUNSE DAIA W W UEIGHIkv RE•PtINE INoEX

I * SIGNIFIC HIII R i^i''IlI THE 01 IiFL
= SIGHIFTICANT FECE" ITiTI ! F ; 1 A I !F ,FL

29



In Tables V through VIII, the classification criteria used to
define the susceptible and nonsusceptible populations were based upon
flight indices derived from the student judgments of their own experi-
ences. It should be recognized that the classification criteria could
also be derived from the instructor judgments of student flight perform-
ance. This is demonstrated by Table IX which is identical to Table V,
with the exception that the airsick and nonairsick populations are
defined b; the instructor-based weighted airsickness index (variable 16)
instead of the corresponding student-based index (variable 6). With
this instructor-based airsickness index, the highly susceptible (upper
decile) population was defined as those students who had a weighted
airsickness index equal to or greater than 9.4 as derived from the
Figure Cl-D distribution data. The low susceptibility group for the
instructor-based populntion subdivision (students judged by the instructors
to have never experienced airsickness during training) included approxi-
mately 48 percent of the squadron population. It should be noted that
the nnn-irnick student group defined by the students proper included
only 24 percent of the population, again reflecting the general under-
estimation of airsickness by the instructors.

FLIGHT AND LABORATORY DATA CORRELATIONS

As with the previous reports in the longitudinal study, a Spearman
rank correlation analysis corrected for tied scores was applied to the
flight and laboratory test score data to gain some insight into relation-
ships that may exist among the different response variables. The results
of this analysis are presented in matrix form in Table X, with the total
number of data pairs associated with a given correlation coefficient
within this matrix tabulated in similar form in Table XI. Table X also
lists the unity value correlation of a variable with itself so as to
establish the total number of observations available for analysis. To
establish the statistical significance of the rank correlation coef-
ficients, a t statistic was calculated for each relationship and a
standard two-tailed student t-test table evaluation performed. Those
correlations which the t-test evaluation identified as being statisti-
cally significant at the .01 and .001 levels or greater are identified
accordingly in Tablc X. To facilitate Lhe general interpretation of the
relative strength of relationship described by the magnitude of the
correlations, the definitions of Guilford (ref. 1, p. 145) as described
below will be arbitrarily adopted for discussion:

Less than .20 Slight; almost negligible relationship
.20-.40 Low correlation; definite but small relation-

ship
.40-.70 Moderate correlation; substantial relation-

ship
.70-.90 High correlations; marked relationship
.90-1.00 Very high correlations; very dependable

relationship.

In the discussion that follows, reference generally will be made to only
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Table IX

Results of a Kruskal-Wallis one-way analysis of variance comparison of students identified by

the flight instructors as never being airsick with students identified by the instructors as

having a relatively high incidence of airsickness (see Table V for an equivalient comparison

based upon student judgments). The non-airsick group, defined as those stidents with a weighted

airsickness index (variable 16 from the instructor questionnaire data) equal to 0.0, represented

approximately 48 percent of the total study population. The airsick group was defined as those

students with a weighted airsickness index equal to or greater than 9.4 which marked the upper

decile for this measure.

RESPONSE VARIABLE N NONAIRSICK AIRiICK
NO DESCRIPTION STATISTIC MEAN S.DBEY. S. ERR. N MEAN S.D"V. S.ERR. N

I S-AIRSICKNESS INDEX-UV 21.62. 6.1 7 a 1.2 41 36.9 14 3 4 5 10
2 S-VOMITING INDEX-U¥ 39.550 .5 2.1 .3 41 21.0 13. 3 4. 2 16

3 S-P.DEGRADATION INDEX-UW 16.91. 3.1 7.4 1.2 41 17.3 14.4 4.6 is
4 S-NERVOUSNESS INDEX-UV 1.71 24.6 23.6 3.6 41 37.1 28 9 9.1 10

3 S-MEDICATION INDEX-U Is6 630 1.2 5.2 . 41 6.4 3 6 2.5 t6
6 S-AIRSICKNESS INDEX-¥ 21 .5s 2.? 4 S 6 41 14. 1 6 6 2.1 I2
7 S-VOMITING INDEX-V 36 39. .4 1.1 .3 41 12.2 6 I 1.9 to
6 S-P.DEGRADATION INDEX-0 17. 3. 1.3 3.6 5 41 6. 0 7 S 2 5 to
9 S-NERVOUSNESS INDEX-u 2.66 9.6 16.3 1.6 41 13.5 I 3 3.3 16

16 S-MEDICATION INDEX-+ 10.635 1.2 5.2 .6 41 6 4 6 6 2.5 is
II I-AIRSICKNESS INDEX-U+ 49. 23. . . .6 41 25.9 I. ? 3. 4 i
12 I-VOMITIHG INDEX-UU 45.69* .1 .9 .1 41 23.2 12.9 4.1 1$
13 I-P.DEGRADATION INDEX-UW 45.78* .1 .9 .1 42 17.9 7.8 2.5 I0
14 I-HERVOUSNESS INDEX-UV 3.26 12.1 1i0 6 .7 4 12.01 9.2 2.9 IS

15 I-TURBULENCE IHDEX-U¥ 7.581 23.7 14 1 2.2 41 41ý2 14 7 4 6 16
16 I-AIRSICKNEtS INDEX-V 49.25. .6 .8 .6 41 13.6 5.1 1 6 i1

17 I-VOMITING INDEX-V 45 69. 9 3 . 41 12. 2 5. 5 1 7 1

19 I-P.DEGRADATION INDEX-W 45.690 . 3 . 42 6.5 6.6 1 9 26
19 I-NERVOUSNESS INDEX-u 1.94 4.6 4.3 7 41 6.6 3 1 1.6 t6
26 1-TURBULENCE INDEX-V 161 420 to 1 6.4 1 .9 41 22.8 6 8 2. 2 16

21 ACADEMIC GRADES-BASIC .96 49.6 7.2 1 1 41 53. 3 5. 3 1 .7 is
22 FLIGHT GRADES-BASIC 2.48 3.6 .6 .0 41 3.0 .8 . 1is

23 TMSQI-MS HISTORYPART .61 9.1 9. 2. 1 22 9.3 14.2 6 3 5
24 TMSS2-MS NISTORY PART 2 5.61 4.? 7.4 1.6 21 13.5 9. 4 3. 7 5
25 TMSQ3-MS HISTORYSUM 2.81 12.8 13. 9 3. 6 21 22. 9 1?. 2 7. 7 5
26 TSAHX-STATE/ANX QUEST 7.070 29.0 6.3 1.4 26 36.2 3.6 1.6 5

27 TTAHX-TRAIT/A"NX. QUEST. 2.67 31.2 7.3 1 .6 20 26.2 1.8 .8 5
28 TBVDT-BVDT TIME OF DAY .04 9.0 1. . 2 21 9. 2 1. 3 6 5
29 TBVDR-BVDT RATER 3 45 12.6 3.9 9 21 17.3 5.5 2. 4 I
30 T9VDS-BVDT SELF-RATING 4.11 12.6 5.3 1 1 21 18.4 7.1 3.2 5
31 TBVDP-BYDT POST-RATING 2.61 1.6 2.4 .5 21 8.6 22.3 5.1 5
32 TVVSPI-VVIT STATIC-RIGHT 29 121.1 21. 9 2. 6 21 123. 2 3 9 1 .7 5
33 TVVSP2-VVIT STATIC-WRONG 33 5.0 7. 3 1 .7 21 4. 6 2. 5 1 .1 5
34 TVVSP3-VVIT STATIC-OMIT .94 2.9 6.3 1.4 21 1.8 2 7 1.2 5
35 TVVDPI-VVIT DYNAMIC-RIGHT .3A 79. 3 36. 2 7. 9 21 65. 0 47 ?.7 21 .3 5
36 TVVDP2-VVIT DYNAMIC-WRONG .21 9.4 8.7 1.9 21 6.6 4.4 2.6 5

3? TVVDP3-VVIT DYNAMIC-OMIT 77 46.3 37. 1 9 1 21 58.0 49. 6 22. 2 5
38 TYVIR-VYIT RATER 1 23 13.6 5.4 1 .2 21 16.9 4. 8 2.1 5
39 TYVIS-VVIT SELF-RATING 2.35 11.6 4.9 1.1 21 16.2 6. 6 2.9 5
46 TVVIP-VYIT POST-RATING 1.52 3.7 6.9 1.5 21 11.6 14.8 6.6 5
41 TVVIT-VVIT TIME OF DAY 1.37 to.3 1.2 .3 21 9. 6 9 .5 5
42 ACADEMIC GRADES-ADYVANCED .24 99.6 4. 1 .7 34 90. 9 4 1 1.3 is
43 FLIGHT GRADES-ADVANCED .55 3.6 .6 .9 34 3.8 .1 .6 16

S u STUDENT RESPONSE DATA UV * UNVEIGHTED RESPONSE INDEX
I - INSTRUCTOR RESPONSE DATA V W VEIGHTED RESPONSE INDEX

6 - SIGNIFICANT BEYOND THE .61 LEVEL

e * SIGNIFICANT BEYOND THE .012 LEVEL
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Correlat

RESPONSE VNFIABLE
NO. DESCRIPTION 1 2 3 4 5 6 7 0

1 S-AIRSICKNESS INDEX-UW 1. 0
2 S-VONITING INDEX-UW 5701. as
3 S-P.DEGRADATION iNDEX-UW .62. 5?71. 60
4 S-NERVOUSNESS INDEX-UV .29# .31# .353*1.0
5 S-NEDICATION INDEX-U¥ .340 47? .42* .23 1.06
6 S-AIRSICKNESS INDEX-U 960 .600 .660 320 381.90
7 S-VOMITING INDEX- .5e* 99s .7o 31 .51* .62*1. Of
8 S-PDEGRADATION INDEX-U 610 50 .990 360 43 .660 .591.0 0
9 S-HNRVOUSNESS INDEX-¥ 306 .20 370 994 22 33# .209 3901.1

16 S-MEDICATION INDEX-W .344 .47? .42* .23 1.66 .38* .51* .430
11 I-AIRSICKNESS INDEX-UV .69* 74* .51* .21 .360 .690 .720 51*
12 I-VOMITING INDEX-UW .533 87* .52* .24 .40* .550 .85 520
13 I-P.DEGRADATION INDEX-UW 560 71* 61* 15 32f .6* .710 .60,
14 I-NERVOUSNESS INDEX-UU 66 22 22 39* 19 67 22 24
15 I-TURBULENCE INDEX-UV 25 22 276 26 .0 .26 21 20#
16 I-AIRSICKNESS INDEX-U .69 760 52* 23 37* .690 75 520
17 I-VOMITING INDEX-U 52* 85* .52* .23 .42* .560 .5* 52*
10 I-P.DEGRADATION INDEX-V 50s 710 .61* .16 .331 .61* .71* .61
19 I-NERVOUSNESS INDEX-W 87 18 .22 .40*. 17 .0 18 .24
26 I-TURBULENCE INDEX-.U 26 26 .35* .22 .69 .25 25 .36*
21 ACADEMIC GRADES-BASIC 20 14 .03 -.61 -. 15 . 17 14 .63
22 FLIGHT GRADES-BASIC 26 19 12 -. 23 -. el .23 19 12
23 TNSQI-MS HISTORY, PART 1 27 .2 14 .22 -.66 29 .01 13
24 TMSQ2-MS HISTORY.PART 2 35 26 35 .24 32 34 .27 2 35
25 THS03-MS HISTORYSUM .461 21 34 39 23 .450 .21 33
26 TSANX-STATE/ANX.QUEST. 53* 56* 64* 26 2? .54s 550 63*
27 TTANX-TRAIT/oNX.,QUEST. 06 -. 03 19 39 22 .06 -4 17
28 TBVDT-BVDT TIME OF DAY 17 05 -6 4 -. 15 .07 .16 06 -04
29 TBVDR-BVDT RATER 30 25 28 .26 -. 02 .31 .24 27
30 TBVDS-BVDT SELF-RATING .36 38 .29 .12 -.64 .35 .39 .29
31 TBVDP-BVDT POST-RATING .411 29 26 25 -.B8 30 28 24
32 TVYSPI-YVIT STATIC-RIGHT 16 -. 23 -.6? -. 9 -. 11 .19 -. 22 -.6
33 TVVSP2-VYIT STATIC-URONG -. 18 28 -.62 13 19 -.20 .2? -.63
34 TVVSP3-VVIT STATIC-OMIT -.06 @1 18 -. 09 -. 20 -. 69 .1 17
35 TVVDPI-VVIT DYNAMIC-RIGHT -. 06 -. 09 .05 13 .65 -.06 -. 08 .66
36 TVVDP2-VVIT DYNAMIC-WRONG .02 11 15 -. 63 .62 .63 11 15
37 TVVDP3-VVIT DYNAMIC-OMIT .4 .08 -.65 -. 12 -. 6 .04 .7 -. 6
38 TVVIR-VVIT RATER 25 19 14 16 -.67 .24 18 12
39 TYVIS-VYIT SELF-RATING 37 33 11 -.62 .62 .35 33 .1
40 TVVIP-VVIT POST-RATING .30 23 19 .31 -. 61 .25 .22 16
41 TYVIT-VYIT TIME OF DAY .69 -. 18 -13 .t1 -. 22 .64 -.10 -. 13
42 ACADEMIC GRADES-ADVANCED .19 .03 -. 00 -. 05 -.69 .2 .63 -.01
43 FLIGHT GRADES-ADVANCED 22 11 .01 -. 1 -. 09 .22 .69 02

S a STUDENT RESPONSE DATA UN a UNUEIGHTED RESPONSE INDEX
I a INSTRUCTOR RESPONSE DATA W a WEIGHTED RESPONSE INDEX

a - SIGNIFICANT BEYOND THE .01 LEVEL
a " SIGNIFICANT BEYOND THE .981 LEVEL
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Table X

Correlation matrix for the Squadron VT86-AJN flight and laboratory data based upon the Spearman rank correlation

RESPONSE VARIABLE
8 9 10 it 12 13 14 is 16 17 19 19 28 21 22 23 24 25

Ill3901.i99

510 .430 .22 1.06
F2 * .510 .23 .36*1.33
835 520 .21 .46* .7801.66
?It .69* .14 .320 .740 .830t.0.
22 .24 .39* .16 .19 .21 .18 1.00
21 .280 .361 .08 .20# .36* .340 .2711.06
750 .52* .22 37* .99* .86* .74* . 1 .29#1. 06
-5* .52* .21 .42* .79* .99* .82* .21 .36* .68*1.86
71* .610 .15 .333 .?40 .61*1. 690 . 16 .340 .74* .63*1. Q83
13 .24 .410 .17 .16 .19 .16 .980 .271 .14 .19 .17 1.66
25 .360 .23 .89 .340 .39* .41* .286 .90* .35* .39* .41* .2801.80
14 .63 -. 63 -. 15 .1 .18 .1t .66 .14 .39 .29 .17 .06 .16 1.88
40 .12 -.23 -.01 .12 .20 .19 -. 69 .1? .12 .19 19 -. 09 .21 .42*1.83
S1 .13 .26 -. 06 .05 .16 .15 -. 04 .1 8 .86 .12 16 .63 -.86 14 .07 I. OP
W .35 .25 .32 .25 .26 .24 .22 .64 .25 .2? 24 .27 11 16 -.81 . 1? 1.83
t1 .33 .32 .23 .24 .31 .36 .09 .0? . 24 .29 .30 . 17 .2 22 5 .73* 76*1 .0
-55* .634 .30 .27 .53* .35 .39 .06 .35 .53* 35 .39 .85 .93 1t .12 .27 36 .34 1.0
64 .17 .420-.22 -. 24 -. 11 -. 1 -. 15 -. 06 -. 23 -. 11 -. 19 -. 7 -. 15 13 -. 19 . 15 16 .19
_6 -. 04 -. 14 .07 -.- ? -. 96 -. 02 -. 15 -. 22 -. 6 -. 5 -. 92 -19 -16 -4 .10 -. 23 -19 - 19-.U
24 .27 .21 -.02 .38 .21 .20 .25 .09 .30 21 .21 16 -. 93 2 .15 .440 .1 28
38 .29 .10 -. 04 .38 .32 .34 -. 12 .11 .37 32 .34 -. 14 .3 .0 -. 82 .13 83 19
20 .24 .24 -.88 .32 .15 .19 .01 -. 66 .31 13 . 19 -. 81 14 .86 -. 16 .37 .23 .3e A
22 -.66 -. 8 -. 11 -.08 -.05 -.89 -. 14 .11 -. 87 -.62 -.37 -.65 .8 33 .20 .25 19 .33 -. 1
I7 -. 03 .69 .19 .11 .18 .89 .13 -. 13 .16 .89 .08 .06 -.6 25 -. 20 -. 22 -. 15 28e
,1 .17 -. 03 -. 26 -. 02 -. 12 .61 -.10 -. 06 -. 62 -. 14 .81 -.16 14 30 -.16 -. 31 -. 23 37
60 .66 .19 .05 -. 1? -.2 -. 17 -.06 -. 11 -.16 -. 18 -. 15 -.05 .4 It -. 19 .05 .69 O
I1 .15 .61 .82 .O1 .06 .06 -.65 -. 02 .62 .87 .06 -. 06 -0 34 .02 -. 28 -. 25 40-.
67 -.06 -. 18 -.896 .13 .20 .10 .10 .17 .17 to -6 .89 .81 22 .28 .02 -.66 .06 -.
18 .12 .14 -.07 .29 .24 .19 -. ,2 .16 .2e 23 19 06 -9 36 .19 .406-1 4 20 .
33 .16 -. 06 .6 2 .490 .34 .35 -. 9 -.29 1 490 34 .35 32 -.20 -6 .1 I .25 93 19 .
22 .16 .30 -.01 .26 .o0 .10 .03 -. 03 .25 .07 .09 -.01 11 11 -. 34 .29 16 34 i
10 -. 13 .09 -. 22 -. 18 -. 32 -. 32 .,6 -. 13 -. 19 -. 31 -.33 .83 -. 1 -. 5 -. 99 -. 21 -. 12 13 -
63 -.01 -.84 -.89 .05 .1 .19 -. 23 .11 .07 .12 .19 -.2 2 12 .480 .25 -.62 -3 6 -
09 .02 -.24 -. 08 .65 .13 .1 -. 22 .64 .5 .12 .11 -. 19 .8? 53* .54* . 15 .9 16 -

-- - - - -------------------------------------------------------- -
_ INDEX

INDEX

y
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correlation coefficient adjusted for tied ranks.

I'I
25 26 2? 26 29 33 31 32 33 34 35 36 3? 38 39 40 41 42 43~

•34 1. as
19 4411. 9O
19 - 19 - BO e 1.
20 520 05S 13 1. OO
19 590 34 09 4941.99

38 63* .27 15 520 . 1l0
33 Is .O7 97 -. 191 - Is 19 1.80

20 13 IS o Be to 17 --m951.003? et 93 95 104 14 20 720 .5101. OO

IS 06 27 -13 -. 06 IS It 1 6 -". t4 -. g IS 1.
-. 480-.09 -. 10 -.61 -. 12 -.36 -. 23 -. 460 .420 .390-.84 1.63.06 -. 01 - 25 1O .13 . 1 .17 -. 4 .02 -. 900 . 5 - t .

S26 390 065 -. 03 .;T0 .O*504 O -. 82 -. 01 -4-26. 52*1 8O

.19 .36 .13 e 1 .3 7 -6 1 , .56 *- 22 .26 .14 - .2 9 - .06 .27 .6te t .oe

.34 .37 .24 .01 55, .30 .4?0-.1 .98 .96 -. 23 -. 19 . 2? 64e . 460t.0go

-. 13 -. 13 .12 .520-.1 0. -.99O.22 -. 24 -. 10 .82 -. 13 -. 03 -.61 -. 05 .19 1.08
-. 86 -. 24 -. 14 .18 -. 66 -. 18 -. 3? .25 -. 2? -. 13 .81 .@7 .88 -.08 -. 16 -.18 -. 26 1.00

.16 -.01 -.11 .24 -.10 -. 03 -. 29 .561-.421-.42#-.10 -. 29 .22 15 .00 -. 27 -. 07
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Matrix indicaý

RESPONSE VARIABLE
No. DESCRIPTION I i 3 4 5 6 7 8

1 S-AIRSICKNESS INDEX-Ut, 86
2 S-VOMITING INDEX-UW is
3 S-P.DEGRADOTION INDEX-UW 86 66 86
4 S-NERVOUSNESS INDEX-UV 86 86 86 86
5 S-MEDICATION IKDEX-IJV 86 86 86 86 86 .
6 S-AIRSICKNESS INDEX-W 86 96 86 86 86 86
7 S-VOMITING INDEX-U 86 86 86 86 66 86 86
8 S-P.DEGRADATION INDEX-M 86 86 86 86 86 86 86 86
9 S-NERVOUSHESS INDEX-W 86 86 86 86 86 86 86 86 86

1@ S-MEDICATION INDEX-V 86 86 86 86 Be: 86 86 86 86
11 I-AIRSICKNESS INDEX-UV 86 86 86 86 86 86 96 86 86
12 I-VOMITING INDEX-UW 86 86 86 86 86 86 86 86 86
13 I-P.DEGRADATION INDEX-UW 86 8 6 86 6 86 86 86 86 86
14 I-NERVOUSNESS INDEX-UU 86 86 86 86 86 86 86 86 86
15 I-TURBULENCE INDEX-UW 86 86 86 86 86 86 86 86 86
16 I-AIRSICKNESS INDEX-U 86 86 86 86 86 86 86 86 86
17 I-VOMITING INDEX-W 86 86 86 86 86 86 86 86 86
18 I-P.DEGRADATION INDEX-V 86 86 86 86 86 86 86 86 866
19 I-NERVOUSNESS INDEX-U 86 86 86 86 86 86 86 86 86
28 I-TUI'BULEI4CE INDEX-V 86 86 86 86 86 86 86 86 86
21 ACADEMIC GRADES-BASIC 86 86 86 86 86 86 86 86 866
22 FLIGHT GR~ADES-BASIC 86 86 86 86 86 86 86 86 86
23 TMSQI-NS HISTORY, PART 1 39 39 39 39 39 39 39 39 3
24 TNSQ2-MS HISTORYPART 2 39 39 39 39 39 39 39 39 39
25 TMSQ3-NS HISTORY, SUM 39 39 39 39 39 39 39 39 39
26 TSANX-STATE/ANX.QUEST. 38 38 38 38 38 39 39 39 36
27 TTANX-TRAIT/ANX.QUEST. 38 38 38 38 3Rt 38 38 38 3 f
28 TBVDT-BVDT TIME OF DAY 39 39 39 39 39 39 39 39 39
29 TOVDR-BYDT RATER 39 39 39 39 39 39 39 3 9 39
38 TBVDS-BVDT SELF-RATIMG 39 39 39 39 39 39 39 39 39
31 TBVDP-BVDT POST-RATING 38 38 38 38 38 39 39 38 38
32 TVVSPI-VVIT STATIC-RIGHT 39 39 39 39 39 39 39 39 39
33 TYVSP2-VVIT STATIC-WRONG 39 39 39 39 39 39 :39 39 3;9
34 TVVSP3-VVIT STATIC-OMIT 39 39 39 39 39 39 39 39 39
35 TVVDP1-VVIT DYNAMIC-RIGHT 39 39 39 39 39 39 39 39 39
36 TVVDP2-VVIT DYNAMIC-URONG 39 39 39 39 39 39 39 39 39
3? TVVDP3-VVIT DYNAMIC-OMIT 39 39 39 39. 39 39 39 39 39
38 TYVIR-VYIT RATER 39 39 39 39 39 39 39 39 39
39 TVVIS-VYIT SELF-RATING 39 39 39 39 39 39 39 79 39
41 TYVIP-YVIT POST-RATING 39 39 39 39 39 39 39 :39 39
41 TYVIT-VVIT TIME OF DAY 39 39 39 39 39 39 39 '39 39
42 ACADEMIC GRADES-ADVANCED 76 76 76 76 76 76 76 76 76
43 FLIGHT GRADES-ADVANCED 76 76 76 76 76 76 76 76 76

S m STUDENT RESPONSE DATA liv a UNWEIGHTED RESPONSE INDEX
I INSTRUCTOR RESPONSE DATA W a WEIGHTED RESPONSE INDEX



Table XI

Matrix indicating the number of data-.pairs used in the calculation of the Table X Spearman rank correlation

RESPONSE VARIABLE

7 8 9 10 11 12 13 14 15 16 17 18 19 29 21 22 23 24 25

06
06 86
16 86 86
6686 86 a 86
36 86 86 86 86
86 86 86 86 86 86
86 86 86 86 86 86 86
96 96 86 86 86 86 86 66
86 86 86 86 86 86 86 86 86
86 86 86 86 86 86 86 86 86 86
86 86 96 86 86 86 86 86 06 86 86

8 86 86 86 86 86 86 OF 86 8u 86 86 86

86 86 86 86 86 86 86 86 86 86 86 86 86

86 86 86 86 86 86 86 86 86 86 86 86 86 86

86 86 86 86 86 86 86 86 86 86 86 86 86 86 92
86 86 96 86 86 86 86 86 86 86 86 86 86 86 92 92

39 19 39 39 39 39 39 39 39 39 39 39 39 39 45 45 45

39 39 39 39 39 39 39 39 39 39 39 39 39 39 45 45 45 45
39 39 39 39 39 39 39 39 39 39 3 9 39 39 45 45 45 45
39 38 38 38 38 38 3B 38 38 39 33 38 38 98 44 44 44 44 44

38 38 38 38 38 38 39 38 38 38 38 38 38 38 44 44 44 44 44

39 39 39 39 39 39 39 39 39 39 39 39 39 39 45 45 45 45 45

39 39 39 39 39 39 39 39 39 39 39 39 39 39 45 45 45 45 45

39 39 39 39 39 39 39 39 39 39 39 39 39 39 45 45 45 45 45

38 39 38 39 39 39 38 39 39 39 39 39 39 38 44 44 44 44 44

39 39 39 39 39 39 39 39 39 39 39 39 39 39 45 45 45 45 45

39 39 39 39 39 39 39 39 39 39 39 39 39 33 45 45 45 45 45
39 39 39 39 39 39 39 39 39 ;• 39 39 39 39 45 45 45 45 45

39 39 39 39 39 39 39 39 39 39 39 39 39 39 45 45 45 45 45

39 39 39 39 39 39 39 39 39 39 39 a9 39 45 45 45 45 45

39 39 39 39 39 39 39 39 39 39 39 39 39 39 45 45 45 45 45

39 39 39 39 39 39 39 39 39 39 39 39 39 39 45 45 45 45 45

39 39 39 39 39 39 39 9 39 39 39 39 39 39 45 45 45 45 45
39 39 39 39 39 39 39 39 39 39 39 39 39 45 45 45 43 45

39 39 39 39 39 39 19 39 39 39 39 33 39 39 45 45 45 45 45

?6 76 76 76 76 76 76 76 76 76 76 76 76 76 78 78 37 37 37

76 76 76 76 76 76 76 76 76 76 76 76 76 76 78 78 37 37 37

PSE INDEX
I INDEX

!(
( l.--
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ýlation coefficients.

25 26 27 28 29 36 31 32 33 34 35 36 37 39 39 46 41 42 43

44 44
44 44 44
45 44 44 4?
43 44 44 45 45
45 44 44 45 45 45
44 43 43 44 44 44 44
45 44 44 45 45 45 44 45
45 44 44 45 45 45 44 45 45
45 44 44 45 45 45 44 45 45 45
45 A4 44 45 45 43 44 45 45 45 45
45 44 44 45 45 45 44 45 45 45 45 45
45 44 44 45 45 45 44 45 45 45 45 45 45
45 44 44 45 45 43 44 45 45 45 45 45 45 45 1

45 44 44 45 45 45 44 45 45 45 45 45 45 45 45
45 44 44 45 45 45 44 45 45 45 45 45 45 45 45 45
4U 44 44 45 45 45 44 45 43 45 45 45 45 45 45 45 45
37 36 36 3? 37 ? 36 37 37 37 37 37 37 37 37 37 37 78

-4 36 36 37 3? 37 36 3? 37 37 3? 3? 37 3? 37 37 37 79 79
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As indicated by the large number of significance symbols in Table
XII, there were considerable differences between basic and advanced
training relative to the majority of the flight indices. The trend of
the differences follows that reported (4) for the VT86-AJN students who
flew the old flight syllabus, in that the mean values for the airsickness-
related measures were greater during basic training. This could reflict
either singly or in combination a progressive adaptation of the group to
motion stress as they advance through the NFO Training Program, or the
exposure of the group to a less stressful flight syllabus in Squadron
VT86-AJN. In the case of the previously reported (5) student population
who received advanced training in Squadron VT86-RIO, the same Wilcoxon
test indic ited that airsickness based upon student judgments was greacer
during advanced training.

A further comparison of differences between student performance
during basic and advanced training is provided by Table XIII which
presents the results of a Spearman rank correlation analysis corrected
for tied observations applied across the basic and advanced training
flight indices. The rank correlation coefficients comprise the upper
half of this table, and the number of data-pairs involved in each calcula-
tion is listed in the bottom portion of the table.

An examination of the principal diagonal of Table XIII shows that
statistically significant correlations between basic and advanced training
were present for all of the student-based flight indices with the exception
of the medication usage variable. The cnrrelation coefficients for all
of the weighted and unweighted airsickness-related indices were in the
moderate range, showing a substantial relationship significant to the
.001 level or better between student airsickness experiences in the two
squadrons. These correlation data, like those previously reported
(4,5), support the contention that a good proportion of the students who
experience airsickness difficulties during basic training will experience
the same during advanced training. Variables 21 and 22 in Table XIII
also reflect significant correlations between the academic and flight
grades received in the two squadrons.

The Table XIII matrix, by definition, also describes the interrelation-
ship that exists between a given advanced training flight index and each
of the flight indices received during basic training. Again, most of
these interindex correlations involve the three primary airsickness
measures. In general, the corr, 1ations that exist along the principal
diagonal are greater than those that exist to either side in the matrix.
These observations for the students who flew the new Squadron VT86-AJN
flight syllabus are in essential agreement with those noted for the
students who flew the old Squadron VT86-AJN flight syllabus (4), as well
as those reported (5) for the Squadron VT86-RIO population.

COMPARISON OF STUDENT PERFORMANCE: OLD VERSUS NEW VT86-AJN FLIGHT
SYLLABUS

The second report (4) of the longitudinal study dealt with a population
of VT86-AJN students who received flight training in a 14-hop syllabus

36
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that differed from the 18-hop syllabus flown by the VT86-AJN students of
the present study. In the interest of identifying any differences that
may exist between the flight and laboratory test data produced by the
two populations, the Kruskal-Wallis one-way analysis of variance test
corrected for tied scores was applied to the related data. The test
results, shown in Table XIV, indicate that significant differences
between the two populations existed foi only the student-based airsickness
index and the instructor-based nervousness index. For the airsickness
measure, the mean was greater in the new VT86-AJN flight syllabus. The
opposite was true for the nervousness measure.

This slightly higher incidence and severity of airsickness experi-
enced under the new syllabus flight conditions could be attributed to
several factor3. The most obvious would be the change in the flight
syllabus proper, with the new syllabus being longer and possibly incor-
porating a more provocative series of motion-stress hops. However,
another factor that could contribute to the observed differences in the
flight indices for the two squadrons would involve differences between
the two 3tudexat populations relative to individual susceptibility to
airsickness. This factor would be reflected by differences between the
laboratory test scores (variables 23-41) listed in Table XIV. As indicated
in this table, statistically significant differences were observed for
only one test score (variable 28), and that was the time of day that the
BVDT was conducted. (As reported in the first report (3] of the series,
this variable was included to evaluate the potential existence of diurnal
effects on the BVDT data.) In effect, the test scores do not reflect
any differences in motion sensitivity between the two populations.
Thus, it is more probable that the airsickness differencee shown in
Table XIV are more closely allied with the change in syllabus proper
rather than differences in the motion sensitivity of the two populations.
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Table XIV

Results of a Kruskal-Wallis one-way analysis of variance comparison of the flight and labora-
tory data collected from the VT86-AJN student population who flew the old flight syllabus with
tne same form of data collected from the VT86-AJN population who flew the new syllabus associ-
ated with the present study.

RESPONSE VARIABLE H VTS6-AJN OLD SYLLABUS VTSS-AJN NEU SYLLABUS
NO. DtESCRIPTION STAOTISTIC MEAbN $.BEV. $. ERR. N MiEAN S.IEV. $. ERR. N

I S-AIRSICKNESS INDEX-UU 9.660 9.4 14.7 1.3 129 13.6 13.3 1.4 66
2 S-VOMITING INDEX-UW 1.35 4.6 7.7 7 129 4. 6 .6 .9 86
3 S-P.DEGRADATION INDEX-UW 4.63 3.6 6.3 7 129 5.? 9.0 1 . 86
4 S-NERVOUSNESS INAEX-UW .49 34.5 36.9 2.7 129 31.5 29.? 3.2 66
S S-MEDICATION INDEX-UW 5.45 1.1 4.2 .4 129 2.5 6.3 .7 86
6 S-AIRSICKNESS IHNEX-V 9.660 4.0 6.6 .6 129 6.6 6.2 .7 96
7 S-VOMITING INDEX-V 1.98 1.6 3.6 .3 129 2.6 4.? .5 86
S S-P.DEGRA*I86ION INDEX-V 3.61 1.5 3.6 .3 129 2.4 4.3 .5 86
9 S-HERVOUSNESS INDEX-V .7 13.5 12.9 1.1 129 11.6 11.6 1.3 66

1S S-MEDICATION INDEX-V 5.45 1.1 4.2 .4 129 2.5 6.3 . 86
11 I-AIRSICKNESS INDEX-UW 3.59 5.6 6.6 .6 120 6.9 9.5 1.0 06
12 i-VONITING INDEX-UW 1.44 3.5 ?.6 .6 128 4.5 .7 .9 86
13 I-P.DEGRADATION INDEX-UW 2.42 2.6 6.5 .6 126 3.7 6.? .7 86
14 I-NERVOUSNESS INDEX-UW 29.55* 24.7 17.3 1.5 126 12.9 1t.6 1.3 86
15 I-TURBULENCE INDEX-UW 1.28 36.7 16.8 1 5 126 27+3 13.2 1.4 86
19 I-AIRSICKNESS INDEX-V 2.66 2.3 4.5 .4 126 3.1 4.6 .5 86
I? I-VOMITING INDEX-V 1.53 1.6 3.3 .3 129 2.2 4.4 .5 66
IS I-P.DEGRADATION INDEX-V 2.65 1.1 3.0 .3 126 1.6 3.4 .4 66
19 I-NERVOUSNESS INDEX-V 31.160 16.6 8.1 . 126 4.7 4.5 .5 86
26 I-TURBULENCE INDEX-V $3 13.6 7.7 .7 120 12.3 6.4 .7 96

23 TMSGI-MS HISTORY, PART .98 6.6 11.1 1.6 122 7.2 8.6 1.3 45
24 TNSQ2-MS HISTORY, PART 2 .71 6. 9.6 .9 122 4.9 7.2 1.3 45
25 TMSQ3-MS HISTORYSUN .15 15. 18.2 1.6 122 12.1 12.5 3.9 45
26 TSANX-STATE/ANX.GUEST. .29 33.2 11.3 2.?7 1 36 6 8.2 1.2 44
27 TTANX-TRAITiANX. QUEST. .49 26.1 5.4 1.3 16 29.3 6.6 1.6 44
26 TUVDT-SVDT TINE OF DAY 13.59* 9.9 1.6 .2 126 6.9 .9 .1 45
29 TBVDR-OVDT RATER 1.37 13.6 6.4 .6 123 14.9 6.6 1.6 45
39 TBVD8-8VDT SELF-RATING .66 15.6 6.9 .6 123 13.9 6.8 1.6 45
31 T9VDP-BVDT POST-RATING .60 6.6 13.6 1.3 116 4.4 10.3 i.6 44
32 TYVSPI-VVIT STATIC-RIGHT 1.77 121.6 7.2 1.4 23 121.5 16.1 1.5 45
33 TVVSP2-VVIT STATIC-URONG 1.31 6.6 6.6 1.2 25 5.1 6.9 3.6 45
34 TVVSP3-VVIT STATIC-OMIT .21 2.6 2.6 .5 25 2.4 4.8 .7 45
35 TVVDPI-VVIT DYNAMIC-RIGHT 1.87 65.6 29.7 5.9 25 76.6 35.9 5.4 45
36 TVVDP2-VVIT DYNAMIC-WRONG C 10. 5.8 1.2 25 9.8 8.2 1.2 45
"37 TVVDF3-VVIT DYNAMIC-OMIT 1.96 52.6 38.6 6.1 25 43.1 36.6 5.5 45
38 TVVIR-VVIT RATER .39 16.3 7.5 1.5 25 15.1 6.5 1.6 45
39 TVVIS-VVIT SELF-RATING 3.01 17.6 7.6 1.5 25 13.6 5.7 .0 45
"46 TVVIP-VVIT POST-RATING 3.16 8.3 11.6 2.3 25 4.9 9.4 1.4 4E
41 TVVIT-VVIT TIME OF DAY .27 18.? 2.2 .4 25 16.1 1.3 .2 45

S a STUDENT RESPONSE DATA U* - UNUEIGHTED RESPONSE INDEX
I a INSTRUCTOR RESPONSE DATA V a WEIGHTED RESPONSE INDEX
6 a SIGNIFICANT BEYOND THE .01 LEVEL

-• SIGNIFICANT BEYOND THE .601 LEVEL
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APPENDIX A

Brief Description of Individual Hops Comprising the New Flight Syllabus

of Advanced Training Squadron VT86-AJN

I ,1



VT86-AJN (New Syllabus)

LL-I, -2, -3 Low Level Navigation

RN-I, -2, -3, -4, -5 Radar Navigation

RA-l, -2, -3 Radar Analysis

AN-I Airways Navigation

D-l, -2 TA-4J Familiarization

ATM-i, -2, -3, -4 Advanced Tactical Maneuvers

All hops flown in T-39D with the exception of D-l, -2, ATM-i, -2, -3, -4,
which were in the TA-4J.

A-I
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APPENDIX B

Brief Description of Laboratory Tests Comprising the 1977-1978
Prototype Motion Sickness Sensitivity Test Battery
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Variable Symbol
No. Code Test Description

23 TMSQ1 Two-part motion sickness history form describing motion
24 TMSQ2 sickness incidence and exposure level. TMSQ1 summar-
25 TMSQ3 izes the history before the age of 12 and has a minimum

value of 0.0 denoting no problems and a maximum value of
180 denoting high susceptibility. TMSQ2 pertains to
motion sickness experience following age 12 with the
same minimum and maximum values. TMSC S is the numerical
sum of the TMSQl and TMSQ2 scores. For details, see
Reason, J. T., An investigation of some factors contrib-
uting to individual variation in motion sickness suscep-
tibility. FPRC Committee Report 1277. London: Ministry
of Defence, 1968.

26 TSANX This State-Trait Anxiety Inventory is comprised of two
27 TTANX self-report scales. The State Anxiety scale (TSANX)

reqires the individual to report how he feels at that
particular moment in time, while the Trait Anxiety Scale
(TTANX) requires the individual to report how he gener-
ally feels. Both scales have a minimum score of 20,
denoting minimum anxiety and a maximum score of 80 de-
noting maximum anxiety. For details, see Spielberger,
C. D., Corsuch, R. L., and Lushene, R. E , STAI Manual
for the State-Trait Anxiety Inventory. Palo Alto, CA:
Consulting Ps)ychologists Press, 1970.

28 TBVDT Brief Vestibular Disorientation Test (BVDT) involving
29 TBVDR cross--coupled angular acceleration stimuli produced by
30 ThVDS paced head motions on a rotating chair. TBVDT denotes
31 TBVDP the time of day the test was given based upon a 24-hour

decimal clock. TBVDR is the test score given by the
rating panel and has a minimum value of 6 denoting no
motion symptoms and a maximum value of 60 denoting a
maximal motion sickness reaction. Immediately follow-
ing the BVDT, each subject rated his own reactions to
the test coded as TBVDS with a minimum score of 7 indi-
cating no reaction and a maximum score of 49 denoting
high reaction. A report of aftereffects was obtained

from the subject 24 hours later and coded as TBVDP with
a minimum score of 0 deniting no aftereffects and a maxi-
mum score of 180 denoting a high level of aftereffects.
For details, see Lentz, J. M., Holtzman, G. L., Hixson,
W. C., and Guedry, F. E., Normative data for two short
tests of motion reactivity. NAMRL-1243. Pensacola, FL:
Naval Aerospace Medical Research Laboratory, 1977.

B-1
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Variable Symbol

No. Code Test Description

32 TVVSP1 These scores pertain to the task performance element of
33 TVVSP2 the Visual-Vestibular Interaction Test (WIT). The tasks
34 TWSP3 involve the visual ssan, acquisition and identification

of a complex numerical display. Under static conditions,
TVVSP1 denotes the number of correct responses, TVWSP2
the number of incorrect responses, and TVVSP3 the number
of omitted responses.

35 TVVDP1 The dynamic performance test scores TVVDP1, TVVDP2, and
36 TVVDP2 TVVDP3 describe the same response scores recorded while
37 TVVDP3 the subject undergoes passive sinusaidal rotation. For

both the static and dynamic performance tests, the mini-
mum scores within a given response category are 0 and
129, respectively, with the further condition that sum
of the correct, incorrect, and omitted scores must total
129. For details, see Lentz, J. M., Holtzman, G. L.,
Hixson, W. C., and Guedry, F. E., Normative data for two
short tests of motion reactivity. NAMRL-1243. Pensacola,
FL: Naval Aerospace Medical Research Laboratory, 1977.

38 TVVIR These scores pertain to the motion sickness symptom rat-
39 TVVIS ing element of the Visual-Vestibular Interaction Test
40 TVVIP (WIT). TVVIR is the test score given by the rating
41 TWIT panel and has a minimum value of 6 denoting no motion

sickness symptoms and a maximum value of 60 denoting a
maximal motion sickness reaction. Immediately following
the WIT, each subject rated his own reaction to the test,
which was coded as TVVIS, with a minimum score of 7 de-
noting no reaction and a maximum score of 70 denoting
high reaction. A report of aftereffects was obtained
from the subject approximately 24 hours later and coded
as TVVIP with a minimum score of 0 denoting no after-
effects. TVVIT denotes the time of day the test was ad-
ministered based upon a 24-hour decimal clock. For
details, see Lentz, J. M., Holtzman, G. L., Hixson, W. C.,
and Guedry, F. E., Normative data for two short tests of
motion reactivity. NAMRL-1243. Pensacola, FL: Naval
Aerospace Medical Research Laboratory, 1977.
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APPENDIX C

Normalized Cumulative Freqv".-cy Distribution of Flight Indices
a-id LLaorutorv Test Scores for the Squadron VT86-A.TY P-plxiTtion

(New Syllabuco)
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Figure C1
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weighted (D) indics5 calculat',d from lhl Instructor dato. Each plot contains the distribution

of the observed data (irregular curve) and an equiv.lent Gaussian distribution (smooth curve)

wit*h the same mean and standard dev tation as tie observed data. The weighted student data (B)

indicate triat approxImately 24 percent of the students never reported experiencing airsickness

during flight training ii this squadron. The same data show that a weighted airsickness Index

of :ipproximate ly 15.9 deffieu the uiocr doe'ile (most so-nitive students) of the distribution.
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Figure C2

Normalized cumulative frequency distributions of un-weighted and weightpd vomit indices follow-
ing the Figure Cl format. The weighted student data (B) indicate that approximately 62 percent
of the students never vomited during flight training. A weighted index of approximately 8.8
defined the upper decile for this distribution.
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Figure C3

Normalized ,,laý.ve frequency distributions of unweighted and weighted performance degrada-

tion indic .,wing the Figure Cl format. The weighted student data (B) indicate that

approximately 5b percent of the students reported never experiencing performance degradation

due to airsickness during flight training. A weighte2d index of approximately 7.0 defined the
upper decile for this distribution.
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Figure C4

Normalized cumulative frequency distributions of unweighted and weighted nervousness indices

following the Figure CI format. Trhe weighted student data (B) indicate that only 17 percent

of the students reported never experiencing nervousness prior to or during a flight.A

weighted index of approxim~ately 29.9 defined the upper decile for this distribution.
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Figure C5

Normalized cumulative frequency distributionB Of the st-udent-derived medication usage index
(A) and the Instructor-derived unweighted (B) and weighted (C) turbulence indices. The medi-
cation data again emphasize the relatively small number of students reporting the use of air-

sickness drugs during training. The turbulence data, as compared to the other indices, more
closely approach a normal distribution.
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TMQ1-4UTION SICKNESS QUESTIONNAIRE ( PART I)
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Figure C6

Normalized cumulative frequency distributions (irregular curve) of the three motion sickness
history scores derived from the VT86-AJN population. Each plot also shows the equivalent distri-
bution of a theoretical Gaussian population (smooth curve) with the same mean and standard
deviation as the related laboratory test scores.
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Figure C7

Normalized cumulative frequency distributions of State/Anxiety (A) and Trait/Anxiety (B) test

scores based upon the observed data (irregular curves) and a theoretical Gaussian population

(smooth curves) having the same mean and standard deviation as the observed test scores.
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Figure GB

Normalized cumulative frequency distributions of the Brief Vestibular Disorientation Test(BVDT) scores (irregular curves) and equivalent theoretical distributions (smooth curves) of

Gaussian populations with the same means and standard deviations as those of the test scores. -
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TVVSPI-VVI TEST ( STATIC PERFORMACE 1)
NIUWAIZE aLNLATIVE FREUEJC OISTRIWTION
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Figure G9

Normalized cumulative frequency distributions of three static performance test scores (irregu-
lar curves) associated with thle Visual-Vestibular Interaction Test (VVIT) and the related
thcoretical distributions (smooth curves) of Gaussian populations with the same means and
standard deviations as those of the test scores.
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TVVDPI-WI TEST ( DYNAMIC PERFORMANCE 1)
NRI•ILZED DULATIVE FREIENCY OISTRIBUTION
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Figure CIO

Normalized cumulative frequency distributions of tile three dynamic performance test scores

(irregular curves) associated with the Viual-Vestibular Interaction Test (VVIT) and t~le

related theoretical distributions (smooth curves) of Gaussian populations with the sa',m means

and standard deviations as those of the test scores.
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Figure ClI

Normalized cumulative frequency distributions of the Visual-Vestibular Interaction Test

(vViT) scores (irregular curves) and the related theoretical distributions (smooth

curves) of Gaussian populations with the same means and standard deviations as those of

the test scores.

C-II

A--

( ilk,



Unclassified

%ECUIITY CLASSIFICATION OF THIS PAGE (*3,hen D0es Entered)

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS
BEFORE COMPLETING FORM

REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBPFR

NAMRL- 1279 311
4 TITLE (and Subti"le) S. TY0'E OF REPORT & PERIOO COVERED

Airsickness during Naval Flight Officer Train- Interim
Ing: Advanced Squadron VT86-AJN (New Syllabus) 6. PERFORMuNGODG. REPORT NUMBER

7. AUT'HOR() I. CONTRACT OR GRANT NUMBER(e)

W. Carroll Hixson, Fred E. Guedry, Jr.,
J. Michael Lentz, and Garry L. Holtzman, CDR,
MC, USN

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK

Naval Aerospace Medical Research Laboratory and ARA 6 WORK UNIT NUMBERS

Naval Aerospace Medical Institute MF58.524.005-7032
Naval Air Station, Pensacola, Florida 32508-5700

I. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Naval Medical Research and Development Command 25 June 1981
National Naval Medical Center 13. NUMBER OF PAGES

Bethesda, Maryland 20014 57
M4.MONITORING AGENCY NAME a ADDRESS(If dlferet ftrom Confrollind Office) IS. SECURITY CLASS. (of this report)

Unclassified

IS&. DECLASSIFICATION/DOWNGRADING
SCHEDULE

16, DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (oa the abetrct enteored In Block 20, II different ftrom Report)

IS SUPPLEMENTARY NOTES

Mr. Hixson and Drs. Guedry and Lentz are with the Naval Aerospace Medical
Research Laboratory, and Commander Holtzman is currently assigned to the USS
Dwight D. Eisenhower, CVN-69, FPO New York 09501.

I1. KEY WORDS (Continue on reverse side If necessary and Identify by block number)

Naval aviation; Aviation medicine; Naval Flight Officers; Basic training;
Aircrew performance; Attrition; Airsickness; Biomedical tests; Motion sickness

20. ABSTRACT (Continue on ...... side It neces. ary and Identify by block number)

This report is the fifth in a series dealing with a longitudinal study of
airsickness in the Basic, Advanced, and Fleet Readiness Squadrons comprising
the Naval Flight Officer Training Program. Flight data are presented on a
second group of Vr86-AJN students receiving secondary training under a new
fligiit syllabus. Of the 92 students included in the study, approximately 71
percent reported being airsick on one or more flights, 36 percent reported
vomiting on one or more flights, and 41 percent considered their flight

FORMO (Over)
DD I JAN 73 1473 EDITION OF I NOV 6S IS OBSOLETE Unclassified oe

SECURITY CLASSIFICATION OF THIS PAOE (WRte Date ntoreed)

Li

-1 ! A"



Unclassified
SECURITY CLASSIFICATION OF THIS PAGE (When Dime ZRtfu*

performance to have been degraded by airsickness on one or more hops. Of the
1,552 hops flown by the students, airsickness, vomiting, and performance
degradation were reported to have occurred on 13.1, 4.6, and 5.5 percent,
respectively, of the flights. The report details the flight data by hops and
by students and also relates the airsickness performance of the student group
to performance on a selected battery of motion reactivity tests administered
to a large segment of the squadron population prior to beginning flight train-
ing.

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE(Vhmr DVote Kntorod)

IL'



A~~~ 1 04CG "

4-4~ ~~ ~ 0090 4. 0 . 9
4.1 t.0u C

- m0 0 11, .i a "0i a m 0. W

GD t0 14. IV c o ~ x44 4 . 71to

9,~~ N 40 1 'v9 . 3 - .4
44r 0 Cc 14 4 D 40

4-. m4 m0 4. .4a - -0 01 .4 'I w9 Q. V`
Q4 9) a, w9 v. 4 w 4 m 00 0 0. 4. 444 13 k o

14 t' '1 - 4 U ' .0 o4 w' 4 w - 4)4 -
4:4 m4 '4 a. :j 4 v4 q0 7 . 4. (4 I' 4

V , 04, a, Q. aD4 v L 'w :7
vA wl 4.4 '04.00u

C 40
9? Al In- 4 4 ~ ~ i . ~ A ~ ''C4

w -4 to4 09.- W.4 w. n.4 4. GDG 0G,.

.8 404 4 D 4, . 4 ' 4 , wI I w A -

'4 44w 40. 144444-0 C ) el W 4- 4 'G on 4 '0 0C
2 co u4,4 0 aC.4 0 w4444.

00 '0 IdJ4 11 c wU 4444 > m. W4 40.44 4 !to u >44"m 44Ow
44 G 44.04 0w- 'a 44, - .2 0444 GD 9-4'0 U G4'' *-G 9

"w4 w91' 444.49,a40 44 a p0 WI-4 C9 4 4 .0440 40. 0

1. w -. 444.1-4 GD 0-c' .C np C- 0 .44 Fl, GD .0

"0 D 4 4 0 0 D r 4 44O4 4 4 . . 4 0 D .4 D 4 4 4 0 G . C D 0 4 4 0 . . 4 0 4 4 4 0

44 06 04 a'.4 4C 0 Al 0 1 0 44 '0 . ' 00C4 a

Do GD 9,a 'U0t v, m4. .4 94 G 9'G 4.9

d ~ ~ 49GD04 04' .. -.0 Z3 x4 '4 "t- "4 GD " >.G 004 43444 "4 ..'0.4.I-'wCu0. w4m0 a'.44 ,44>4
v'tj~ ~~~~~~~~~~ a)~i.c ~ .o '44 4 4,0 , 4444~~~~~~~~~~~ 4o0, '400 9- >4 4 4- 4 004.U ' 44U0 44~7> ' 04-4. 1444409, ~ '.0 0 GD00444'. S.O D0.,'01'0 4IS

44-01 04 loo)09 4' C94. 'l w 4.0 0'4 . '444444 U
Cl"~7 040 4.L. r..40C D.) 40. 1. 00 7 "4 - U .4 0 4 4 4 U .0400 w . .D44 0. 0 - .40 . .40. 0-I/4~ ~ ~~~~~~~~~~~~~~~ 9,0 D-44.40.0,G 4 , 41 ,.G~ D 4 . 0 94 *

U' 4V D90 444 4.).4.44 m04 c:D4 C 44...4

4. 4.v' I - c

9, 4. 0 U 47

44~~ ~~ 00. 3 4 440 4

m' w '.1 4. w 0w, o4 w m- w 0 I m . 9
'.m a 44 4. w4 V'I4- 4 U

44 4.. to404 4-4.

44.0 ~~~ 4.04t 44 4
4 4.4 '04.0~0 42 4 ' 4l04 0


