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EXECUTI VE SUMVARY

This report docunents a part-task study performed by M dwest Systens Research
Inc., (MSRI) Dayton, Chio, in support of the Federal Aviation Adm nistration
(FAA) Technical Center Data Link Program The focus was on the weat her (W)
services portion of Data Link. A two-phase evaluation was conducted with 16
air transport (ATP) and general aviation (GA) pilots. The pilots eval uated
four data formatting options and four data entry nmethods. Measures of
performance included tines, errors, and subjective ratings.

The four formatting options included teletype (RTTY) horizontal and verti cal
and English (ENG horizontal and vertical. The four data entry nethods
i ncluded line select keys (bezel), cursor select, nunber select, and typing.

The anal ysis shows that the ENG vertical format was the best in terns of
information retrieval tine and error reduction. The ENG vertical format was
subjectively preferred by the GA pilots. The RTITY horizontal format was
preferred by the ATPs for two of the five weather product types. The analysis
i ndi cates that the bezel key data entry was best in ternms of time. Both pil ot
groups (ATP and GA) subjectively preferred the bezel nethod.

The study was, again, part-task in nature. The pilots were not under the

stresses of tine and flight. The results are nonethel ess val uabl e and shoul d
be validated in a nore sophisticated eval uati on environment.
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| NTRCDUCT! ON

This report will outline the results of a study initiated by the Federa

Avi ation Admi nistration (FAA) to begin investigating selected human factors

i ssues surrounding the design of a Mbde Sel ect (Mbde S) Data Link pilot-
vehicle interface (PVI). The notivation for this research was the head-down
time issue identified in the Society of Autonotive Engineers (SAE) G 10 Fli ght
Deck Informati on Managenent Subconmittee's paper titled Human Engi neering

| ssues For Data Link Systens. The goal of this project was to initiate

i nvestigations of control and display issues which may contribute to a pilot's
head-down tine while operating a Data Link system

One FAA Technical Center objective is to develop a Data Link display system
whi ch reduces head-down tine. The factors selected for this phase of research
were information format characteristics and data entry nethods which directly
i npact the time a pilot nmust be head-down. The Technical Center plan for this
research is to generate know edge for use by the certification personne

within the FAA for establishing interface standards.

BACKGROUND.

Data Link, a feature of the Mbde S radar system is a digital comrunications
system proposed by the FAA. The systemis intended to alleviate the
congestion on the voice radi o frequencies by providing for a twd-way exchange
of routine air traffic control (ATC) and weat her (WKX) nessages between the
ground and the aircraft. An airborne Data Link control and display device may
be the main interface between the pilot and the Mbde S Data Link, although
printers are being considered as an alternative to displays.

An input device will provide the pilot the capability to transmt data
(requests, position reports, etc.) to the ground via the Mode S Data Link. A
further added benefit of Data Link may be the on-board el ectronic storage of
messages received, which will allowthe pilot to “recall” stored WK and ATC
messages for review

It is expected that the result of inplenenting the Data Link systemw || be an
increase in the effectiveness and safety of aircraft operations. Wth the
current voice comuni cations systemerrors are frequent, e.g.

m sconmuni cati ons, m sunderstandi ngs, and stuck m crophones. The growth in
air traffic has been acconpani ed by an increase in voice conmuni cations;
during peak periods, obtaining a voice link with a controller can be very
difficult. Coupling errors with peak demands has decreased the effectiveness
of the national airspace system The presentation of WK and ATC i nformati on
on a display dictates the need for a detailed exam nation of the ram fications
of such a change

DATA LI NK I MPLI CATI ONS.

The use of the visual nodality for WK and ATC information will place an
addi ti onal burden on the resources of the pilot's visual system Pilots of
nmodern aircraft have been expressing concern for sone tinme about the anount of
head-down tine required to input data and interpret information presented on
conput er - based systens (Aviation Wek & Space Technol ogy [ AWST], August 7,
1989). Data Link systens, whether display or printer based, nmust be carefully
designed and i nplemented to guard against overly distracting pilots fromtheir
primary task of flying.

The display of text information such as WK and ATC instructions in the cockpit
will be a novel concept for some pilots. Many airline organizations are,
however, using the Aeronautical Radio, Inc., (ARINC) Aircraft Comruni cations



Addr essi ng and Reporting System (ACARS) for conpany comuni cations, and
predeparture cl earances (PDC), at selected airports.

The visual presentation of WK information may require pilots to deci pher

i nformati on which may be highly coded (teletype) and difficult to understand.
VWile instrument rated pilots nmust |learn howto interpret aviation WK reports
and forecasts, it is difficult to inmagine that pilots can maintain the high

| evel of skill with teletype that neteorol ogists do as trai ned experts. A
pilot's primary responsibility is to maintain control of the aircraft, not the
translation of potentially conplex WK codes.

Typically, a pilot will receive a WK report prior to departure by either
speaking with a neteorol ogist or reading tel etype reports and graphic charts.
In both cases, the pilot has the luxury of time and is in a nonthreatening
environnent and thus, the tel etype | anguage does not cause a nmj or concern
VWiile flying, a pilot currently receives WK via the voice radi o; the acronyns
and contractions inherent to the neteorologist's tel etype | anguage are
transparent since the WK person speaks in translated termn nol ogy not
"acronynese.”

If teletype language is used on a Data Link display, problens may arise out of
unfam liarity or time required to deci pher the nessage. Several articles have
appeared in the literature concerning teletype WK information. From a

di scussion on the FAA's Direct User Access Terminal (DUAT), a ground-based
system (George, 1990), wites: "It's [DUAT] a doubl e-edged sword if you're
not a skilled decoder.”

Jones (1990), asks "Wy shoul d anyone be forced to translate a |l ong string of
archai c FAA tel etype codes to get a briefing? Isn't that what the conputer is
for?" Tel etype nessages from DUAT are causing some concern with pilots during
preflight. Using teletype on the Data Link system may overburden the pil ot
during flight when comunications is secondary task to maintaining control of
the airplane. A final quote concerning tel etype nessages and the DUAT from
Silitch 1990, states:

You might think that pilots who have been actively flying for many years
woul dn't have any trouble with the encoded weather reports, but that's
not always the case. Once we nenorized all that weather stuff to pass
the exam we pronptly forgot it, because it wasn't used in the rea
world. In the real world, flight service specialists have | ong been
doi ng nost of the encoding for us, and the sudden sight of all the
encoded information [in DUAT] has been nore than a little shock to our
syst ens.

This research attenpts to address issues raised by the SAE Flight Deck
Committee (SAE G 10 Flight Deck Information Managenent Subcommittee, 1990) and
the reactions of pilots as reported in the literature.

OBJECTI VE.

The purpose of this study was to gat her both objective and subjective data
from operational pilots about: (1) the text oriented display of WK information
on simul ated cockpit display in part-task evaluations, and (2) various data
entry techniques. Data were gathered from both professional air transport
pilots (ATP) and private, general aviation (GA) pilots.

APPRCACH

Thi s research was conposed of two i ndependent phases. The first phase
assessed the differences in WK i nformati on presentation nethodol ogi es;
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| anguage and structure variations were exam ned. For |anguage, teletype
(rmeteorol ogi cal) and English (natural) presentations were conpared. The WX
message formats used as stimuli for this research are shown in appendi x A
For structure, vertical (chunked), and horizontal (enbedded) structures were
conpar ed.

The second phase assessed the differences in four data entry nethods. The

met hods exam ned were manual typing, |line select (bezel swi tches), cursor
sel ect, and nunber select. The display screens for each of these input
met hods are shown in figure |. The main nenu and keyboard configuration are

al so shown in this figure. The follow ng discussion will provide the
theoretical basis for the work and state the hypotheses being tested in this
research.

PHASE 1.

The basis for the | anguage research in this first phase was based on the
t heori es of behavior by Spence (H IIl, 1964). A nodel of human-conputer

i nteraction, designated the Mbdel Human Processor (MHP) (Card, Moran, and
Newel I, 1983), was al so enpl oyed. A description of the theories and the
hypot heses for this research foll ow

BEHAVI R THEORY. Spence's behavioral theory (HIl, 1964), contains a nunber
of intervening variables that |ink independent and dependent variables. One
variable is excitatory potential (E) which represents the strength of the
tendency to give a certain response to a particular stimulus; Eis not
directly neasurable and nmust be inferred from sone observable characteristic
of the response. E is predicted fromvalues of the independent variables, and
in turn, the dependent vari abl es.

The ot her variables are habit strength (H), drive (D), and incentive
nmotivation (K). Habit strength, H, reflects permanent |earning and depends on
practice; i.e., the nunber of prior occurrences of the response to the
stimulus. The sumof D and K equals effective notivation. The synbolic
statenment relating these variables is E = H(D+tK). Reinforcenment is a result
of notivation, (K), not habit strength and is a variable in performance rather
t han | ear ni ng.

This theory can be applied to this research by accepting the fact that the
pilots were heavily practiced in reading English text and as such have a high
habit strength, H Thus, it is hypothesized that, in general, the English W
messages wWill result in shorter response tinmes (RTs) and fewer errors than the
nmet eorol ogist's (tel etype) dictionary.

The ATP pilots who have experience with the nmeteorol ogist's dictionary would
be expected to have a high habit strength (H) value which would be reflected
intheir RT. The teletype RTs fromthe ATP group should not differ
significantly fromthe times fromEnglish conditions. In addition, the
English should result in shorter RTs and fewer errors than the teletype for GA
pilots. The RTs and errors on the teletype dictionary will conpare closely
with the English dictionary for ATP pilots.

MODEL HUMAN PROCESSCR.  The process of a pilot interacting with Data Link is
cl assi c case of human-conputer interaction. The pilot processes information
presented by the conputer (Data Link). The IHP provides an approxi mate
description of gross human behavi or as an information processing system NP
is conposed of a set of menories, processors, and is governed by a set of
princi pl es.

The interacting subsystens within the MHP are the perceptual, notor, and
cognitive systens. The perceptual and cognitive subsystens are of nost

3



interest in this research. Two inportant principles of the WHP, the Encodi ng
Specificity Principle and the Discrimnation Principle, apply in this
research. From Card, Mran, and Newel| (1983):

Encodi ng Specificity Principle. Specific encoding operations
performed on what is perceived determ ne what is stored, and what is
stored determ nes what retrieval cues are effective in providing
access to what is stored.
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Discrimination Principle. The difficulty of nmenory retrieval is
determ ned by the candi dates that exist in the menory, relative to
the retrieval cues.

Card, Moran, and Newell (1983) provide an exanple (reading rate, pages 50-51)
which is simlar to the present research; it was stated that reading rate is a
function of the skill of the reader and the difficulty of the materi al

Considering the MHP, it is expected that, in general, teletype will result in
| arger RTs and nore errors than English; i.e., the difficulty of teletype is

hi gher than English. However, it is expected that ATP pilots, because of

hi gher skill levels (a result of experience) will performbetter on teletype

than GA pilots who do not have as much experience and hence, skill.

PHASE 2.

In addition to the Mbdel Human Processor nodel descri bed above, Card, Moran
and Newell (1983), described a nodel of human data entry performance call ed
t he Keystroke Level Mddel (KLM. The KLM nodel is an extension of the
keystroke | evel analysis of the GOVS nodel of behavior (Card et. al., 1983).
Bot h nodel s descri be human behavi or as a sequence of information processing
operators and the tine required for the user to conplete a defined unit task
is the sumof the tines of the individual operators. Furthernore, GOVE node
tries to predict through a set of selection rules what a users nethod of
choice may be for a given task. By definition, the KLM nodel is nore
conduci ve to this phase of study because the interests lie only in the time to
execute each data entry method and not of predicting the nmethod of choice.

The operators describe basic physical and nental actions of the user. The KLM
nodel is conprised of four physical-notor operators (Keystroking, K; Pointing,
P, Hom ng, H, and Drawing, D), one nental operator, M and a System Response,
R, operator. The tine to execute a given task can then be equated as:

Texecute= Tt Tp+ Tt Tot Tt Tr.

To determ ne how well predicted execution times conpared with observed
execution tines, an enpirical validation (Card et. al., 1983) of the nodel was
enpl oyed. The npdel was accurate to a standard error of 21 percent for sone
1280 user-systemt asks.

If desired, each data entry nmethod can be encoded in ternms of the operators by
applying a set of heuristic rules. However, our interests are not in
conparing predicted tines agai nst observed tinmes, thus validating the nodel,
but to use the nodel as a guide to indicate the relative differences in each
data entry method. Therefore, considering the KLM nodel, one hypot hesis woul d
be based on the nunber of keystrokes (K) alone; i.e, the KLM nodel would
predict that the manual typing nethod (four keystrokes) would require nore
time than any of the other three nmethods (two keystrokes). |In addition, the
nunber and cursor select nethods would require nore tine than the line (bezel)
sel ect met hod because there are additional nental (M operators required in
selecting the station identifier. This is so, because the pilots need to
associate an identifier with a nunber or series of cursor novenents to be
mapped to a different physical location of the input device, whereas in the

5



line select and typing nodes the identifier is chosen directly with no extra
ment al operations required.

HYPOTHESES.

PHASE 1 | NFORMATI ON RETRI EVAL. Several hypot heses were made concerning the
information retrieval phase. It was hypothesized that, in general

1. The vertically structured English | anguage nessages would result in
shortest RT and fewest errors.

2. The horizontally structured tel etype | anguage nmessages would result in the
| argest RTs and nost errors.

3. That a positive correlation would exi st between high pretest fanmliarity
scores and smaller RTs (and accuracy).

4. Highly experienced ATP pilots will prefer, subjectively, the traditiona
unstructured tel etype nmessage and conversely, GA pilots with fewer flight
hours will prefer, subjectively, the structured text format.

PHASE 2 DATA ENTRY. The research hypot heses for the data entry phase were the
follow ng: (1) the typing method would require nore tinme and result in nore
errors than any of the other three nethods, and (2) the nunber and cursor

met hods woul d require nore time than the |line select nethod.

METHOD

EXPERI MENTAL DESI GN

PHASE 1 | NFORVATI ON RETRIEVAL. A four-factor m xed-nodel, repeated nmeasures
design was used in this experinent. The independent variables were

i nformati on | anguage, information structure, WK nessage, and pil ot experience
type. A separate two factor analysis was perfornmed on the data from

wi nds/tenperatures aloft (FD) forecast trials because its characteristics were
not anenable to the sanme | anguage and structure mani pul ati ons as the ot her
services; the factors investigated were style, and pilot type. Each pilot
conpl eted 38 randomy presented trials.

The dependent variables for this phase were response tinme (RT) and errors.

The RT was defined as the total time the information was visible to the pilot.
An error was tabulated if a response was inconplete or incorrect. A detailed
di scussi on of each independent variable is presented next.

Lanquage. The | anguage of information was in either the neteorol ogist's
tel etype nethod or the standard English style.

Structure. The structure of the information was in either a horizonta
(enbedded) style or vertical (or chunked) style.

Weat her. The WK nmessages utilized in this study were the FAA s package
one services (see appendix B), i.e., termnal forecast (FT), surface
observation (SA), pilot report (PIREP or UA), w nd/tenperatures aloft, and
hazardous WK (W5T). The package one services also included radar sunmaries
(SD), however, these were not directly evaluated in this study. The four
servi ces chosen were anenable to | anguage and structure variations since they
are al phanunerically based formats. Radar summaries, by definition, are
pseudo- gr aphi ¢ maps showi ng precipitation information; the design variations
of this service were constrained by this definition



No specific hypotheses were nmade concerning the WK nessage variable. It is
recogni zed that inherent conplexity and quantity differences exist between the
services and as such, were not of direct research interest. |In addition, for
each WK service type, two repetitions were presented. Wthin a given service,
the informati on of research interest was slightly nodified in each of the four
| anguage/ structure conditions, e.g., 3 nmles blow ng snow BS) was changed to 2
mles BS. These slight changes were introduced to prevent progranmed
responses due to learning. Actual National Wather Service nessages were
selected fromthe FAA s Aviation Wather Services handbook for this research.

Style. The style variable within the winds and tenperatures al oft
portion of the study had three levels. The primary difference in the three
was in the structure of the informati on (see appendi x A).

PHASE 2 DATA ENTRY. A two-factor, m xed-nodel, repeated neasures design was
used in this experinment. The independent variables were data entry nethod and

pil ot experience. Four levels of the data entry variable were exam ned, i.e.,
manual typing, line select (bezel), cursor select, and nunber select. Two
| evel s of experience type were used, i.e., ATP and GA

The dependent variables were total entry time and errors. Entry tinme was
measured as the tinme fromselecting a service type through selecting a
location identifier (LOCID) of interest to "sending” the request. The system
conput er automatically recorded each keystroke | abel and associated tinme for
each trial. This was acconplished to allow for error tabul ati on and anal ysi s.

Pl LOTS.

A total of 16 pilots participated in this study. Half were GA-type instrunment
rated pilots. The remaining half were conmercial ATP. A w de cross-section
of experience (flight hours) levels in each group was obtai ned; a sumary of
experience is provided in table 1. Pilots were provided a test information
package prior to participating in the evaluation. The package contained a
cover letter, an overview of the Data Link concept, and a pilot information
guestionnaire (see appendix C).

TABLE 1. PILOT EXPERI ENCE SUMVARY

Ceneral Aviation Air Transport
Mean Age Mean Flight Hours Mean Age Mean Flight Hours
38 1380 40 9800
Pi | ot Commerci al, Instrunent, ATP, Comrand,
Rat i ngs Fl i ght Instructor CFll-AMEI, dider

| nstrunent, Advanced
Ground Instructor, CFII

Typi cal 1.5 hours 4 hours

Fl i ght

Lengt h

Aircraft PA- 23, PA-24, PA-28, B- 767, MD-80, DC- 10
C- 150, C 152, DC-8, C 310, Cv-640
C 172, M0J

Sour ce of FSS, DUAT, Base OPS Conpany, JEPPS,

Weat her DATACOWP, O her

I nf or mati on conput er, FSS

Equi pnent St or mscope, LORAN ACARS, Omrega, |INS,

Experience WK Radar Radar, LORAN



APPARATUS.

A Hitachi Corporation color liquid crystal display (LCD) was utilized for this
study. This display is capable of displaying eight colors on display surface
of 3.78" (H by 5.04" (W. Color was not nani pul ated as an i ndependent
variable in this study. 1In the information retrieval phase, WK nessages were
presented as white on a bl ack background.

The input devices to this display were 20 bezel mounted switches (five per
side) and a separate al phanuneric keyboard. The control display systemis
shown in figure 2. The top row of switches were not required for this
testing; the remaining keys were used in sone manner, as explained in |later
sections. A separate hand-held switch box was used to control various aspects
of the system It nust be enphasized that this system while potentially
"usable,” did not represent an optinmal cockpit device. It was adapted for the
sol e purpose of inquiry into concepts such as information structure, |anguage,
and data entry nethods.

FI GURE 2. CONTROL DI SPLAY SYSTEM
PROCEDURE.

GENERAL. A test session began with a brief introduction, review of the test
package material, and a general question and answer period. The experinenters
briefed the pilot on the control display system denonstrated each of the data
entry nethods, and displayed sanple WK nessage formats. The pilot was given
the opportunity to interact with the display and ask questi ons.

Prior to beginning the eval uation process the pilots conpleted a pretest to
determine famliarity with the acronyns and contractions used in WK reports.
The pretest was followed by the information retrieval phase, the data entry



phase, and finally the questionnaire conpletion period. Details are provided
next on the procedures in each phase.

PRETEST. In an attenpt to establish a separate neasure of each pilot's
famliarity with the acronyns and contracti ons used in WK nessages, a stand-

al one acronymfamliarity test (AFT) was devel oped. Although not exhausti ve,
a sanple of ten common acronyns and contracti ons was sel ected for each of the
four services to be a part of this research (see appendix D). A series of
three or four "words" was selected for each acronymto provide a context
during testing. The test strings were presented on the study's display. To
facilitate recognition, colors were used in the AFT to highlight the acronym
of interest within the context string; additionally, the test “word" was shown
with a bracket just belowit, e.g.



TSTM5 EXPCTD TO CONT
gmm 0O

The col or and bracket cues were presented to clearly distinguish the test
"word" fromthe context words.

In a self-paced and totally random manner, the acronyns were di splayed to the
pilots. The pilot's task was to verbalize the acronym s neaning as rapidly as
possible. Prior to an acronym bei ng di spl ayed, an indication was provided (on
the display) as to what type of WK service the acronymwas extracted from
this service cue was provi ded because the acronymfor a given termis not

al ways consi stent across services. For exanple, thunderstornms have been shown
as T in some WK products and as TSTMs in ot her products.

After the service cue was recogni zed, the pilot depressed the handheld switch
to bring the test string onto the screen and start the automatic tim ng
device. After verbalizing the neaning, the pilot depressed the switch again to
renove the test string and stop the timer. The experinenter used the display
device's keyboard to input the result of the trial (correct, incorrect, or
unknown) after which the next service cue was displayed to start the next
trial. The pilot was given no indication of performance during the data
col l ection phase. However, a copy of the AFT test strings and answers was
given to the pilot after conpletion of the AFT.

PHASE 1 | NFORVATI ON RETRIEVAL. Pilot questions were answered prior to the
begi nning of the testing phase. The pilot was shown sanple WK nmessages (on
the display) representative of the type to be seen during the data collection
trials, and again allowed to ask questions. The test procedure was expl ai ned
and denonstrated to the pilot to ensure understanding. An experinmental trial
consi sted of the foll ow ng:

1. Informing the pilot of the type of service to be displayed.

2. Asking the pilot a two-part question (see appendi x E) and havi ng hi m her
restate the question to ensure understanding.

3. The pilot depressing the switch box button (to start an automatic tiner
and sinmul taneously present the WK information).

4. The pilot retrieving the informati on and answering the question as
accurately as possible.

5. The pilot depressing the button to stop the timer and renpve the
i nformati on fromthe display.

6. The experinenter conparing the response to the actual answer and naking
any relevant notes. The pilot was not given any feedback concerning their
responses. If, after conpleting all trials, the pilot inquired about
performance, a verbal summary was given by the experimenter

PHASE 2 DATA ENTRY. The pilot was instructed on all input aspects of the
system given the opportunity to again practice on each input method, and ask
guestions. Wen the pilot was confortable with the procedures, the trials
began. The pilot was told the service and LOCID of interest for each trial
(the LOCID was specified by its three letter code, as on the display, to
control for unfamliarity).

The pilot was instructed to read back the service and LOCID to ensure
under st andi ng, then depressed a handhel d button which put the main system nmenu
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on screen to begin the request. After the request was SENT, the trial was
finished as no WK nessages were delivered during experinent trials. The pace
of subsequent trials was selected at the pilot's discretion

The order of WK services and LOCI Ds was conpl etely randoni zed for each pilot.
The nine LCOCI Ds avail able were sel ected once in each of the four input nethods
for a total of 36 trials. Having each LOCID sel ected once ensured that there
was no bias in determning overall tine for each nethod.

POST- TEST. After conpleting all testing, the pilots were asked to conplete
two questionnaires (see appendixes F and G on the information retrieval and
data entry phases. A post-test interview period was conducted for addressing
any pilot questions and to allow the experinenters to clarify responses nade
in either of the questionnaires. The comments received fromthe pilots during
pre- and post-test interviews are contained in appendix H

DATA ANALYSI S
PRETEST.
Descriptive statistics were generated on the data fromthe AFT. A correlation
anal ysis was performed between the AFT and informational retrieval (phase 2)

time data.

PHASE | |1 NFORVATI ON RETRI EVAL.

A four-way anal ysis of variance (ANOVA) (Il anguage, structure, WK, and pil ot
type) was perforned on the data. A two-way ANOVA (style and pilot type) was
performed on the data fromthe wi nds/tenperature aloft trials. |In addition
appropriate post-hoc anal yses were perfornmed. Descriptive statistics on the
data are presented. Error data were conpiled, analyzed, and presented. The
Kendal | ' s Coefficient of Concordance Test was enpl oyed to eval uate the ranking
type data fromthe questionnaire.

PHASE 2 DATA ENTRY

A two-way ANOVA (et hod and pilot type) was perforned on the data. In
addi ti on, appropriate post-hoc anal yses were perforned. Descriptive
statistics on the data are presented. Error data were conpiled, analyzed, and
presented. As in Phase |, Kendall's Coefficient of Concordance Test was

enpl oyed to evaluate the ranking type data fromthe questionnaire.

RESULTS
PRETEST.
The frequency data fromthe AFT are shown below in table 2. The percentages
of correct, incorrect, and unknown responses are listed; the frequency count
is listed in parentheses. The nean time data fromthe AFT are shown below in
table 3 and figure 3.

TABLE 2. AFT FREQUENCY DATA

Ter m nal Sur f ace Pi | ot Hazar dous
For ecast bservati ons Reports Weat her
ATP
Correct 92.5 (74) 96.3 (77) 47.5 (38) 90.0 (72)
I ncorrect 5.0 ( 4) 2.5 ( 2) 15.0 (12) 3.8 ( 3)
Unknown 2.5 ( 2 1.2 (1) 37.5 (30) 6.2 ( 5)
GA
Corr ect 81.2 (65) 93.8 (75) 71.3 (57) 92.5 (74)
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I ncorrect 8.8 ( 7) 2.5 ( 2) 7.5 ( 6) 3.8 ( 3)
Unknown 10.0 ( 8) 3.7 ( 3) 21.2 (17) 3.7 ( 3)
Frequency Count in parentheses
TABLE 3. AFT MEAN RESPONSE TI ME DATA ( SECONDS)
Ter m nal Surface Pi | ot Hazar dous
For ecast (ohservations @ Reports Weat her
Corr ect
GA 3.0 2.9 3.5 2.2
ATP 2.8 2.9 3.7 2.7
I ncorrect
GA 3.8 4.2 3.0 4.4
ATP 6.7 3.3 6.0 5.7
Unknown
GA 10.6 9.1 8.9 7.1
ATP 9.7 10. 2 6.7 9.9
;12

—+— GA Correct
—— GA Incorrect
—a— GA Unknown
—>— ATP Correct
—X¥— ATP Incorrect

w a5 o0 o0 o w

0 f ! ; |
Terminal Surface Pireps HAZ WX —@— ATP Unknown
Fcst Obs

Weather Service Type

FI GURE 3. AFT MEAN RESPONSE TI ME DATA

A correlation analysis was performed on the pretest AFT tine data (correct
responses only) and the RT data (tel etype/horizontal only) obtained in the
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information retrieval test. An analysis was perfornmed on each of the four WK
service types by pilot type. It was expected that | ow pretest RTs woul d
correspond to |low test RTs, and vice versa. The sanple correlation
coefficients (r) fromthis analysis are in table 4.

TABLE 4. CORRELATI ON ANALYSI S RESULTS

Ceneral Aviation Air Transport
Term nal Forecast 0.32 (4 -0.14 (. 7)
Sur f ace Cbservations 0.16 (.7) 0.35 (.4)
Pil ot Reports 0.44 (.3) 0.45 (.3)
Hazar dous \Weat her -0.11 (.8) 0.11 (.8)

p Val ues in parentheses

PHASE | | NFORVATI ON RETRI EVAL.

OBJECTIVE. The ANOVA table for the RT data is shown in table 5; for the
wi nds/tenperatures aloft data, see table 6. The descriptive tine data are
shown in table 7 and fiqure 4.

TABLE 5. RESPONSE Tl ME ANOVA TABLE FOR PHASE 1

Source of Variation SS DF NS F Sig of F
Pi | ot 21.5 1 21.5 .10 . 762
Structure 1164.6 1 1164.6 27.61 . 000*
Pilot*Structure 63. 4 1 63. 4 1.50 . 240
Language 820. 2 1 820. 2 21. 60 . 000*
Pi | ot * Language 1.4 1 1.4 .04 . 849
WK 2058. 3 3 686.1 19. 49 . 000*
Pi | ot *WK 23. 4 3 7.8 .22 . 881
St ruc*Language .1 1 .1 .00 . 945
Pi | ot *Struct ur e* Language 18.1 1 18.1 .61 . 447
St ruct ur e* WK 34.5 3 11.5 . 46 . 714
Pilot*Structure*W 6.4 3 2.2 .09 . 968
Language* WK 431.5 3 143. 8 7.82 . 000*
Pi | ot * Language* WK 49.2 3 16. 4 . 89 . 453
St ruct ur e* Language* WK 108.0 3 36.0 1.28 . 293
Pi | ot *Struct ur e* Language* WK 135.6 3 45. 2 1.61 . 201

* significant at .05 | evel

TABLE 6. RESPONSE TI ME ANOVA TABLE FOR W NDS/ ALOFT DATA

Source of Variation SS DF NS F Sig of F

13




Pi | ot 6.3 1 6.3 36 . 559

S/ Pi | ot 244.5 14 17.5

Style 118.0 2 59.0 12. 30 . 000*

Pilot*Style 8.0 2 4.0 83 . 445

Styl e*S/ Pi | ot 134.2 28 4.8 --
significant at .05 | evel

TABLE 7. MEAN RESPONSE TI MES BY WEATHER SERVI CE
( SECONDS)

Ter m nal Surface Pi | ot Hazar dous W nds/ Tenp

For ecast observati ons Reports Weat her Al of t
T/H 18.2 (11.2) 12.3 (9.0) 12.1 (7.5) 23.3 (18.4) 9.1 (5.0)
TV 15.3 ( 7.4) 9.1 (5.5) 8.6 (3.6) 15.7 ( 9.3) 5.4 (2.0)
E/ H 16.5 ( 9.2) 10.6 (6.4) 11.1 (6.0) 13.1 ( 8.5)
BV 11.0 ( 8.1) 7.1 (2.5) 6.6 (3.3) 9.9 ( 7.6) 6.5 (3.5)
T = Tel etype E = English H = Horizontal V = Verti cal

St andard Devi ati on in Parent heses

fean Response Times
by
Weather Service Across All Filots

]
=

Timie (=)

[ TP,

Er Pelelype Veries!
B

S Pasglsts, Mo incalal

Slandard Deviiliog bam are ihevr

FIGURE 4. MEAN RESPONSE Tl ME DATA BY WEATHER ( SECONDS)

The error count data for GA, ATP, and overall are shown below in tables 8, 9,
and 10, respectively; figure 5 presents the data graphically. An error was
tabul ated if a response was inconplete or incorrect. An ANOVA was perforned
on the error data excluding winds/tenperatures aloft data. The ANOVA table
for the error data is shown in table 11.
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TABLE 8. GENERAL AVI ATI ON ERROR DATA

Ter m nal Surface Pi | ot Hazar dous W nds/ Tenp
For ecast bservati ons | Reports Weat her Al of t
T/H 2 6 2 1 2
TV 5 8 1 0 0
E/H 8 4 1 0 N A
E/V 2 1 0 0 1
T = Tel etype E = English H = Hori zont al V = Vertical

TABLE 9. Al R TRANSPCRT ERROR DATA

Ter m nal Surface Pi | ot Hazar dous W nds/ Tenp
For ecast Qobservati on Reports Weat her Al of t
T/H 8 4 1 5 3
TV 4 5 0 3 1
E/H 8 2 0 0 N A
E/V 8 2 0 0 4

T = Tel etype E = English H = Hori zont al V = Vertical

TABLE 10. OVERALL ERROR DATA

Ter m nal Surface Pi | ot Hazardous | Total | W nds/ Tenp
For ecast Qobservation  Reports Weat her Al of t
T/H 10 10 3 6 29 5
TV 9 13 1 3 26 1
E/H 16 6 1 0 23 N A
E/V 10 3 0 0 13 5
Total s 45 32 5 9 91

T = Tel etype E = English H = Hori zont al V = Vertical
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FI GURE 5. ERROR COUNT DATA BY WEATHER
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TABLE 11. ERRORS ANOVA TABLE FOR PHASE 1

Source of Variation SS DF NS F Sig of F
Pi | ot .08 1 .08 . 65 . 432
Structure .17 1 .17 6. 07 . 027
Pilot*Structure .00 1 .00 .04 . 852
Language .35 1 .35 7.82 .014
Pi | ot * Language .00 1 .00 .02 . 885
WK 4.24 3 1.41 16. 57 . 000
Pi | ot *WK .76 3 . 25 2.97 . 042
St ruct ur e*Language .05 1 .05 1.28 . 276
Pi | ot *Struct ur e* Language 35 1 .35 9. 46 . 008
St ruct ur e* WK .10 3 .03 LT7 . 520
Pilot*Structure*W .03 3 .01 .21 . 890
Language* Weat her . 96 3 .32 5.99 . 002
Pi | ot * Language* WK . 26 3 .09 1.63 . 196
St ruct ur e* Language* WK .23 3 .08 1.33 . 276
Pil ot *Structure*Language*WK .38 3 .13 2.20 . 103

* significant at .05 | evel

SUBJECTI VE. The conplete set of coments received fromthe pilots can be
found in appendix |; the questions are presented along with ranking and
preference type data. The Kendall's Coefficient of Concordance Test results

are shown for question 1.

QUESTION 1. Four different ways of presenting information have been shown.

Overall and for each specific service type,
internms of preference. Exanples wll
| = Most preferred 4 = Least

Not e:
METHOD A = Tel etype/ Hori zont al
METHOD C = English/Horizonta

METHOD B
METHOD D

Tel etype/ Verti cal
Engl i sh/ Verti cal

SURFACE OBSERVATION

AIFP Rank Ga Rank Kendall-s
ATP GA
1|2 |3 |4 |1 |2 |3 |4 =41 W=.62
pe.03 pe . 002
HMETHOD A B |3 |8 1 o |1 |5 |2
METHOD B L |13 |4 |0 12 |4 |3 1
METROD C o |2 [0 [64 |0 |1 |2 |5
METHROD D 1 12 |4 |1 |& |2 [0 |O
TERHIHAL FORECAST
ATF Rani GA Rank
Eendall's
112 |3 (4 11 |2 |3 |4 ATP GA
W=.16 W=,22
METHOD A 4 12 |1 |1 |1 1 3 |3 p<.3 p<. 16
HETHOD B 1 (2 |% [ 1 |3 |3 k|
HMETHOD © 1 |2 (D [8 J1 |3 |2 |2
HETHOD D 242 (2 [2 ¥5 |11 |2 [o

17
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FILOT REFORTS

ATP Rank GA Rank Kendall's
- ATP Gh
I 12 34z =2 |= |a& W=.23 W=.56
p>-1 p<.002
METHOL A 1 ]1 |3 |3 [o |a |3 |5
METHOD B 2|1 |3 |1z |3 |2 |o
METHOD C o |4 |Oo |4 [lOo |2 [3 |3
METHOD D 4 |2 |2 |o ||s |3 |po |o
EAZARDOUSE WEATHER
ATP Rank GA Rank Kendall's
ATP GAa
2 GO - Tl o G | O - O W=_23 W=.68
- ; p>.1 p<.002
METHOD A 1 |2 |2 |3 |o |o |2 |s
HMETHOD B 3 o] 3 2 2 3 3 0
METHOD C D |3 |2 |3 [o |3 [3 |2
METHOD D 4 |3 |1 |o s |Z |D |O
WINDE TEMPERATURE ALOFT
ATP Rank| GR Rank Kendall's
ATP GA
1 ]2 |3 1 |12 |3 W=.42 W=_.75
p<.05 p<.003
METHOD A o |2 |6 §O0 |0 |8
METHOD B 3 |5 |0 §4 |4 |0
METHOD C 5 |1 |2 4 |4 |0

QUESTION 2. Are there any other nethods that you can suggest that woul d nmake
the information clearer and easier to read?

No responses received.

QUESTION 3. Wuld you prefer a graphics presentation of weather where at al
f easi bl e?

ATP A
YES: 7 YES: 7
NO 1 NO 1
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QUESTI ON 4.
acronyns in weat her nessages?
Acr onyns Spel | ed out M xed
ATP 5 1 2
GA 1 5 2
QUESTION 5. Were the character sizes: (check one)
ATP GA
Just right 5 4
Too snal | 3 4
Too | arge 0 0

PHASE 2 DATA ENTRY.

OBJECTI VE. The ANOVA table for

descriptive data are shown in table 13 and figure 6.

i nput nmethod are listed in table 14.

the RT data is shown in table 12.

Do you prefer the spelling out of the information or the use of

The
The listing of errors by

TABLE 12. ANOVA TABLE FOR THE PHASE 2 RESPONSE TI ME DATA

Source of Variation SS DF NS F Siqg of F
Pi | ot .2 1 .2 09 . 768
S/ Pi | ot 37.6 14 2.7 --
Met hod 34.9 3 11.6 60. 93 . 000
Pi | ot * Met hod .4 3 .1 68 .571
Met hod* S/ Pi | ot 8.0 42 .2 --

* *

* Significant at .05 |evel

Average data for each nmethod were used in the analysis

TABLE 13. MEAN RESPONSE TI MES BY | NPUT METHOD ( SECONDS)

CURSOR NUVBER

TYPI NG

BEZEL

3.9 (1.6) 3.4 (1.3)

4.9 (1.5)

2.9 (1.0)

St andard Devi ati on in parentheses

TABLE 14. ERROR CLASSI FI CATI ON BY | NPUT METHOD

Cur sor 2 errors

1) Hit page up key instead of Send key (tw ce)
Nunber 0 errors
Typi ng 2 errors

1) Entered ACl instead of ACY

2) Entered ACWinstead of ACY
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Bezel 1 error
1) Hit bezel button to right of Send key

Mean Response Times
and
Number of Keystrokes
by
Input Method Across All Pilcts

> | 4
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BEZEL NUMBER CURSOR TYPING
Elondard Peviation bavs are ahowr

FI GURE 6. DATA ENTRY DATA

An anal ysis was performed on the data representing time per keystroke. Note:
Keystroke count does not include selection of WK service. The ANOVA results
are shown in table 15. The nean data by nethod is shown in table 16.

TABLE 15. TI ME/ KEYSTROKE ANOVA

Source of Variation SS DF NS F Sig of F
Pi | ot .09 1 .09 .19 . 669
Met hod 3.48 3 1.16 28. 20 . 000
Pi | ot * Met hod . 06 3 .02 .52 . 671

* significant at .05 | evel

TABLE 16. TI ME PER KEYSTROKE BY METHOD ( SECONDS)

Met hod Mean St andard Devi ati on
Cur sor 1.7389 0.7284
Number 1. 8387 0. 8700
Typi ng 1. 2370 0.3777
Bezel 1.4921 0.5136
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SUBJECTI VE. The conplete set of coments received fromthe pilots can be
found in appendix |I; the questions are presented along with ranking and
preference type data. The Kendall's Coefficient of Concordance Test results
are shown for question 1.

QUESTION 1. I nput nmethods ranked by preference

| =MOST PREFERRED 4=LEAST PREFERRED
ATPF Rank GA Rank i Eendall s
. | are GA
1 2 3 kY 1 2 3 4 W=_34 Wm_ 57
I — p=<.05 p<.004
Cursor L Q 3 3 2 X 5 o
Number 16 |1 |0 8L |3 |3 |1
Typing o |2 | |5 0 [ |a |7
Bezal & [0 |2 | @5 |3 |0 |O

QUESTION 2. Pl ease specify any characteristics about your nost preferred
nmet hod that would nmake it even better?

No responses received.
QUESTION 3. If you had encountered these input nethods "cold,” would it have

been obvious how to enter a location identifier? The nunber of responses is
listed.

ATP CURSOR NUVBER TYPI NG BEZEL
YES 2 6 8 7
NO 6 2 0 1
GA_ CURSOR NUVMBER TYPI NG BEZEL
YES 4 7 7 7
NO 4 1 1 1

QUESTION 4. For each nethod pl ease describe briefly its major advantages and
di sadvant ages.

No responses received.
QUESTION 5. Do you have any preference on how the | ocation identifier should
be ordered on the display (e.g., alphabetically, by route, random or other)?
Pl ease specify or draw

No responses received.

QUESTION 6. Shoul d one of the LOCI Ds be designated as appears?

ATP GA~
YES NO YES NO
6 2 4 1

M ssing question's data fromthree GA pilots.
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QUESTION 7. If you have nade a weather request for, say LAX, should LAX
beconme the default LOCI D whenever you nmake anot her request (regardl ess of

type) ?

YES No
ATP 5 3
GA 3 5

QUESTION 8. Was the additional information provided by the translation of the
three-letter station identifier useful? (e.g., LAX Los Angeles International
CA) .

ATP A
YES: 6 YES: 7
NO 1 NO 1

* Yes for new guys, no otherw se.

QUESTION 9. During the typing node, the LOCID was entered; if additiona
characters were entered, the left nost letter dropped out and the last two
shifted left. The entered letter is placed in the right nost position. Is
this acceptable? |If no, explain.

ATP &A
YES: 6 YES: 4
NO 2 NO. 4

QUESTI ON 10. Was the term nol ogy used (e.g., Send, clear, etc.) Acceptable?

ATP GA
SEND CLEAR MAI' N LOC D SEND CLEAR MAI' N LOC D
YES 8 8 7 6 8 8 8 6
NO 0 0 1 2 0 0 0 2

QUESTI ON 11. The message status indicators: sent, processing, and avail able
appeared after maki ng a weat her request.

Was this term nol ogy acceptabl e? Was the | ocation acceptabl e?
ATP Yes: 8 No: O ATP Yes: 7 No: 1
GA Yes: 8 No: O GA Yes: 7 No: 1

QUESTION 12. What type of annunciation (e.g., flashing light, tone, etc.) of
i ncom ng nmessages woul d you desire in an operational systenf

No responses received.
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QUESTION 13. Do you think the use of color on a display of weather and ATC
information is....

ATP A
7 5 - VERY HELPFUL

0 2 - SOVEVHAT HELPFUL

1 1 - NO PREFERENCE EI THER WAY
0 0 - SOVEVHAT DETRI MENTAL

0 0 - VERY DETRI MENTAL

QUESTION 14. Were you satisfied with the appearance and operationa
characteristics of the main nmenu?

ATP &A
Yes: 8 Yes: 8
No: O No: O

QUESTI ON 15. Were the character sizes: (check one)

ATP A
- TOO SNVALL 3 4
-JUST RI GHT 5 4
- TOO LARGE 0 0

DI SCUSSI ON

PHASE 1 | NFORVATI ON RETRI EVAL.

OCBJECTI VE.

Response Tinme. The significant factors fromthe four-way RT ANOVA were:
(1) structure, (2) language, (3) weather, and (4) the | anguage by weat her
interaction. The structure nean RTs were, 10.4 and 14.7, for vertical and
hori zontal, respectively, a 41 percent difference. The |anguage nean RTs
were, 10.7 and 14.3, for English and tel etype, respectively, a 34 percent
difference. The WK nean RTs were, 15.3, 9.8, 9.6, and 15.5, for term na
forecasts, surface observations, pilot reports and hazardous WK advi sori es,
respectively.

No i n-depth anal yses were performed on the WX vari abl e since observed

di fferences could be inherent to the conplexity of the nessage and not to the
design of Data Link. The significant | anguage by WK interacti on was caused by
t he hazardous WK data; the English-teletype difference was greater for
hazardous advi sories than with the other services. It appears that English
facilitated information retrieval nore so with hazardous weather than with
other services. It appears to have been nuch clearer as to what the response
was to the question posed since many pilots provided nore information than
requested with the teletype, thus inflating RTs. The English version nade
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differentiation of the information qroups (i.e., current activity versus
forecast) nuch easier.

Errors. The occurrence of errors was |lowest with the English vertica

messages and highest with the tel etype horizontal nmessages. The significant
design related factors fromthe four-way errors ANOVA were structure and

| anguage. For the structure variable, the errors were 39 and 52, for vertica
and horizontal, respectively, a 33 percent difference. For the |anguage
variable, the errors were 36 and 55, for English and tel etype, respectively, a
53 percent difference. The errors by service were 45, 32, 5, and 9 for
respectively, termnal forecast, surface observations, pilot reports, and
hazardous WK advi sori es.

Sunmary. The hypothesis that vertically structured English nmessages woul d
result in the fastest RT and fewest errors is supported by this data. Across
the four nessage types, the nmean tine for the English vertical nessages was
8.7 seconds conpared to 16.5 seconds for the horizontal teletype nmessages; the
errors were 13 and 29, respectively. The RTs and errors for horizonta

tel etype nessages were the largest of the four conditions, as hypothesized.

Wnds Data. The style factor fromthe wi nds al oft analysis was significant.
A Tukey test was perforned on the data and the results indicate that the only
significant difference was between nethods A and B, that is, the tel etype
vertical and horizontal nethods. The teletype horizontal structure required
69 percent nore time than the vertical style. The teletype horizontal and
English vertical resulted in five errors each; the teletype vertical resulted
in one error.

Pretest. The hypothesis concerning pretest scores and phase 1 scores is not
supported by this data. The correlation analysis resulted in smal

correlation coefficients (r) between the pretest tines and test RTs. Possible
expl anations for this result nmay be the study's sanple size, and/or the smal
nunber of trials in the pretest, or sinply, no relationship

In general, the pilots perforned well on the AFT; above 90 percent correct in
5 of 8 categories. The ATP group did poorly on the pilot reports portion

Many commented that they rarely, if at all, use pilot reports - which explains
their performance. The GA group perfornmed better than the air transport
pilots on the pilot reports portion, which may suggest that GA pilots use
pilot reports nore often.

The tine data fromthe AFT appears reasonable. The ATP and GA pilots
performed simlarly on correct responses. For both groups, tines went up on
the incorrect responses, indicating an additional (unsuccessful) search tine.
As expected, times increased considerably when the subjects did not know the
acronym s nmeaning; this was nore apparent with ATP than GA

SUBJECTI VE. The hypothesis that ATP pilots would prefer the horizonta

tel etype nessages is generally supported by this data. The GA pilots
preferred the vertical English nessages as hypot hesized. The Kendall’s
Coefficient of Concordance Test results for question | indicate that the GA
pilot's rankings of preferred presentation format generally agree with each
other on all services except the term nal forecast. For the ATP pilots, the
test indicates an agreenent for wi nds/tenp al oft and Hurface observation only;
there was no significant agreenent on presentation preference for the
remai ni ng services.

PHASE 2 DATA ENTRY

OBJECTI VE.
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Time. The nean RT for the typing nmethod was the |argest of the three nethods
as hypot hesi zed. The order, best to worst, of the remaining three was:

(1) bezel, (2) nunber select, and (3) cursor select. A Tukey test was
performed on the RT data and the results indicate that: (I) typing is
significantly different fromall other nmethods, (2) bezel is significantly
different fromall nethods except the nunber nmethod, and (3) the cursor and
nunber nethods are not significantly different.

As hypot hesi zed, the RT for bezel select was quicker than the nunber or cursor
sel ect met hods, though the RT for nunber was not significantly different than
bezel. The nean tinme per keystroke for the nunber nethod was 1.8 seconds.
The order best to worst, of the remaining three was: (1) typing (1.2),
(2)bezel (1.5), and (3) cursor select (1.7). A Tukey test was performed on
the tine per keystroke data and the results indicate that: (1) the typing
method is significantly different fromboth the cursor and nunber nethods,

(2) the nunber and bezel nethod are significantly different from one anot her
(3) the bezel nmethod is not significantly different fromthe typing nethod,
and (4) the cursor nmethod is not significantly different fromeither the
nunmber or bezel nethod.

Errors. There were not many input errors made by the pilots. This was
probably a function of the part-task evaluation. Two errors were nmade in the
cursor and the typing nethod; one error was made in the bezel nethod and no
errors were made in the nunber nethod

SUBJECTI VE. The bezel and nunber mnethods were preferred by the ATP group; the
bezel method was the preference of the GA group. Typing was, generally, the

| east preferred by both groups. The Kendall's Coefficient of Concordance Test
results for question 1 indicate that the GA and ATP pilot's rankings of the

i nput met hods were concordant anong thensel ves. The reader is referred to
table | for a listing of equi pment experience. The preference may be rel ated
to the equi pment the pilots have in their cockpit.

CONCLUSI OV RECOMVENDATI ONS

PHASE 1 | NFORVATI ON RETRI EVAL.

Overall, the tel etype | anguage nmessages required 33 percent nore tinme than
English to gather the requested data. The unstructured nmessages required 41
percent nore tine than the structured to gather the requested data. Overall,
the tel etype | anguage resulted in 61 errors (320 trials) and the English

| anguage resulted in 41 errors (288 trials). The error rates for teletype and
English, were 19 and 14 percent, respectively.

The | anguage hypot hesis devel oped fromthe theory within the Mddel Human
Processor (MHP) discussion is supported with the data fromthis group of
pilots. The | anguage hypot hesis devel oped from behavi or theory, concerning
the habit strength of the English | anguage over the tel etype | anguage, is
supported with the data fromthis group of pilots.

These findi ngs concerning significant part-task performance differences
suggest the need for further research in a nore realistic setting. A nmockup

| evel evaluation is recommended to investigate how information retrieval
performance is affected by the addition of routine (and extrene) workl oad
within a cockpit environnment. A verification of this data with an i ndependent
sanmple of pilots is reconmended.

The pilots have suggested, through pre- and post-test interview and
guestionnaires, methods of further optimzing the display of weather (W)
information. It is suggested that efforts be made to incorporate these
suggestions into a design iteration, where feasible.
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The display of information in the English | anguage may not be realistic, when
consi dering display constraints, etc. However, this research indicates a
possi bl e need for redefinition of the WK data dictionary. As one pilot put
it, "l would hate to msinterpret a signmet because |I couldn't deci pher the
acronymns.”

PHASE 2 DATA ENTRY

The optimal data input nmethod, in terns of tine, was the bezel nethod. Beze
entry was, subjectively, the preferred method with both the general aviation
(GA) and air transport pilot (ATP) groups. The typing nethod required the nost
time. Typing was, subjectively, the |east preferred nethod with both types of
pilots. This data supports the expectations of the Keystroke Level Model

Simlar to the conments in the phase | effort, these findings should be
verified in a nore realistic setting. Technol ogy constraints may becone a
consi deration in selection of an input methodol ogy. The design should
however, allow maximumflexibility in terns of choice, e.g., if bezels are
used primarily, then typing into a scratchpad should be an option if the
desired station is not I|isted.

This research should be conducted in an operational setting for the purposes
of determining the interaction characteristics of each nethod.

SUMVARY.

English vertical weather formats and the bezel select data entry nethod appear
to mnimze head-down tine. While ATP pilots preferred the tel etype

hori zontal weather formats, one nust renmenber that this is what they see on a
regul ar basis.

Data Link will be a major change in comunications technol ogy. The issue of
head-down tine is but one of many issues that nust be exam ned. Qher factors
may contribute to head down tinme, e.g., display vibration, anbient |ighting
affects on the display, dual system operations (voice and Data Link), etc.
These factors could not be addressed in this part-task test. These factors
and many other will require attention in the future. A human factors

eval uations plan is being devel oped to guide the necessary research in a

| ogi cal manner.

The pilots that participated in this study provided numerous comrents about
the design of a Data Link system Many of these comments shoul d be

i ncorporated in design and evaluated. The pilots stressed their desires for
an integrated system e.g., frequency managenment, etc. Data Link can becone
an extrenely valuable tool for the pilot/crewif a systens integration
approach is taken in its inplenentation. Data Link as a stand-al one system
coul d possibly increase workload | evel s
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LI ST OF ABBREVI ATI ONS, ACRONYMS, AND SYMBOLS

Aircraft Conmuni cati ons Addressing and Reporting System
Aut omatic Direction Finder

Acronym Fami liarity Test

Airman' s Met eorol ogical Information
Anal ysi s of Variance

Aeronauti cal Radio, Inc.

Air Traffic Control

Automatic Terminal |Information Service
Air Transport Pil ot

Avi ati on Week and Space Technol ogy
Conmmuni cati ons, Navigation, ldentification
Degrees of Freedom

Di st ance Measuring Equi prent

Direct User Access Term nal

Federal Aviation Admi nistration

W nds/ Tenper atures Al oft Forecast

Fl i ght Engi neer

Flight Service Station

Ter mi nal For ecast

General Aviation

Keystroke Level Model

Location ldentifier

Model Human Processor

M dwest Systens Research, Inc.

Navi gati on

Pre-Departure O earance

Pil ot Report (UA)

Pilot-Vehicle Interface

Renote Display Unit

Response Ti nes

Surface Qobservation

Soci ety of Autonotive Engineers
Radar Summary

Signi ficant Meteorol ogi cal condition
PI REP (pil ot report)

VHF Omi di recti onal Range

Weat her Conmmuni cati ons Processor

WIl Conply

Hazar dous Weat her

Weat her
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APPENDI X A

DATA LI NK WEATHER FORMATS



APPENDI X A. Data Link Wat her Fornmats
Repetition 1

W NDS/ TEMPERATURES ALOFT (FD) FORECAST

FD XVBC FD KWBC

BASED ON 151200Z BASED ON 151200Z DATA

VALI D 151800Z FOR USE 1700Z - 2100Z VALI D 151800Z FOR USE 1700Z - 2100Z
TEMPS NEG ABV 24000 TEMPS NEG ABV 24000

FT 3000 6000 9000 12000 18000 DCA
DCA 2113 2325+07 2332+02 2339-04 2356- FT

16 3000 2113
24000 30000 34000 39000 6000 2320+06
2373-27 239440 730649 731960 9000 2332+02

12000 2339-04
18000 2356-16
24000 2373-27
30000 239440
34000 730649
39000 731960

METHOD A METHOD B

W NDS/ TEMPERATURES FORECAST FOR
WASHI NGTON D. C

VALI D: 15TH 1800Z FOR USE 1700Z -2100Z
BASED ON 15TH 1200Z DATA

ALTI TUDE DI RECTI ON VELOCI TY TEMP. (O

3000 210 13 --
6000 230 27 05
9000 230 32 02
12000 230 39 -04
18000 230 56 -16
24000 230 73 -27
30000 230 94 -40
34000 230 106 -49
39000 230 119 - 60
METHOD C



A1l

TERM NAL FORECAST

FT LGA 251010 C5 X 1/2S-BS 3325G35 OCNL
C0 X O5+BS. 16Z C30 BKN 3BS 3320 CHC
SW 227 30 SCT 3315. 00Z CLR 04z
VFR

VAD. .

METHOD A

TERM NAL FORECAST FOR LA GUARDI A | NT' L

TIME VALID: 25TH 1000Z - 26TH 1000Z
1000Z - 1600z

SKY: CEI LI NG 500 OBSCURED

VISIBILITY: 1/2 LI GAT SNOW BLON NG SNOW

W ND: 330/ 25 GQUSTS: 35

REMARKS: OCCASI ONAL CEILING 0
SKY OBSCURED VI SI BILITY O
HEAVY SNOW BLOW NG SNOW

1600Z - 2200z

SKY: 3000 BROKEN

VISIBILITY: 2 BLON NG SNOW

W ND: 330/ 20

30% - 50% CHANCE LI GHT SNOW SHOWERS
2200z - 0000z

SKY: 3000 SCATTERED

W ND: 330/ 15
0000z - 0400z
SKY: CLEAR

0400z - 1000z
VFR WND > 25

METHOD D

FT LGA
251010
G X
| S-BS
3325G35
CCNL G0 X OS+BS
167
C30 BKN
2BS
3320
CHC SW
227
30 SCT
3315
oz CLR
04z
VFR VWAD

METHOD B

TERM NAL FORECAST FOR LA GUARDI A
I NT" L

TIME VALID: 25TH 1000Z - 26TH 1000Z
1000Z- 1600Z SKY: CEI LI NG 500
OBSCURED

VISIBILITY: 3/4 LI GAT SNOW BLOW NG
SNOW

W ND: 330/ 25 QUSTS: 35 REMARKS:
OCCASI ONAL CEI LI NG 0 SKY OBSCURED
VISIBILITY O HEAVY SNOW BLON NG SNOW
1600Z - 2200Z SKY: 3000 BROKEN
VISIBILITY: 1 BLON NG SNOWV W ND:
330/ 20

30% - 50% CHANCE LI GHT SNOW SHOWERS
2200Z - 0000Z SKY: 3000 SCATTERED
W ND:

330/ 15 0000Z - 0400z SKY: CLEAR
0400Z - 1000Z VFR WND > 25

METHOD C



A-2

SURFACE OBSERVATI ONS

SA PHL 1852 7 SCT 250 SCT 6HK
129/ 60/ 59/ 2504/ 991

METHOD A

SURFACE OBSERVATI ON FOR PHI LADELPHI A

TI ME: 18527

SKY: 800 SCATTERED 22000 SCATTERED
VISIBILITY: 6

OCBSTRUCTI O\ HAZE SMOKE

SEA LEVEL PRESSURE: 1012.9
TEMPERATURE/ DEW POl NT: 60/ 59

W ND: 230/ 4

ALTI METER 29. 91

METHOD D

SA PHL 1852
7 SCT
230 SCT
6HK
129
60/ 59
2405
991

METHOD B

SURFACE OBSERVATI ON FOR PHI LADELPHI A

TI ME: 18527 SKY: 900 SCATTERED 21000
SCATTERED VI SI BI LI TY: 6 OBSTRUCTI ON:
HAZE SMOKE SEA LEVEL PRESSURE: 1012.
TEMPERATURE/ DEW POl NT: 60/ 59 W ND:
260/ 3

ALTI METER 29. 91

METHOD C






Pl LOT REPORTS

UA / OV MRB-PI T/ TM 1600/ FL 100/ TP BE55 UA /OV MRB-PIT

/ SK 024 BKN 032/ 042 BKN-OVC/ TA -12/1C / TM 1600
LGI RIME 060/ RM WND COWP HEAD 020 /[ FL 100
MH310 [/ TP BE55
TAS 1 80 / SK 024 BKN 032
042 BKN- OVC
/[ TA -12

/1C LGT RI ME 050
/RM WAND COWP HEAD 020

MH310
TAS 180
METHOD A METHOD B
Pl LOT REPORT FOR PI TTSBURGH Pl LOT REPORT FOR PI TTSBURGH
LOCATI ON:  MARTI NSBURG- PI TTSBURGH LOCATI ON: MARTI NSBURG- PI TTSBURGH TI ME:
TI ME: 1600Z 1600Z ALTI TUDE: 10000 Al RCRAFT TYPE:
ALTI TUDE: 10000 BES5 SKY: 2400 - 3200 BROKEN 4200
Al RCRAFT TYPE: BE55 BROKEN- OVERCAST TEMPERATURE: -12
SKY: 2400 - 3200 BROKEN I G NG
4200 BROKEN- OVERCAST LI GHT RI ME 4000 REMARKS: HEAD W ND
TEMPERATURE: -12 COVPONENT 20 MAGNETI C HEADI NG 310 TRUE
|G NG LIGHT RI ME 5400 Al R SPEED 180
REMARKS: HEAD W ND COVPONENT 20
MAGNETI C HEADI NG 310
TRUE Al R SPEED 180
METHOD D METHOD C



HAZARDQOUS WEATHER ADVI SORI ES
MKCC WBT 221655 CONVECTI VE SI GVET 17E PA  MKCC WBT 221650
MD VA VCNTY RI G HAR LI NE NO SG-NT TSTMS CONVECTI VE SI GVET 17E

RPRTD FCST TO 1855Z LI NE TSTMs DVLPG BY

1755Z WLL MOV EWD 30 - 35 KTS THRU
1855Z HAIL TO 1 1/2 I N PSBL

METHOD A

CONVECTI VE SI GVET FOR EASTERN U. S.

DATE: 22ND OF MONTH

TI ME VALID: 1630Z

OBSERVATI ONS

STATES: PA MD VA

AREA: Rl CHVOND- HARRI SBURG LI NE

ACTIVITY: NO SI GNI FI CANT THUNDERSTORVS
REPORTED

FORECAST TO 18557

LI NE THUNDERSTORMS DEVELCPI NG BY 17557

WLL MOVE EASTWARD 30 - 35 KNOTS THRU

1855Z HAIL TO 1 1/2 I N PCsSI BLE

METHOD D

PA MD VA
VCNTY RI G- HAR LI NE
NO SGFNT TSTMS RPRTD
FCST TO 18557
LI NE TSTM5 DVLPG BY 1755Z WLL MoV
EWD 30 - 35 KTS THRU 18557
HAIL TO1 1/2 I N PSBL

METHOD B

CONVECTI VE SI GVET FOR EASTERN U. S.

DATE: 22ND OF MONTH TI ME VALID: 1635Z
OBSERVATI ONS STATES: PA MD VA AREA:

Rl CHVOND- HARRI SBURG LI NE ACTIVITY: NO
SI GNI FI CANT THUNDERSTORMS REPCRTED
FORECAST TO 1855Z LI NE THUNDERSTCORMS
DEVELOPI NG BY 1755Z WLL MOVE
EASTWARD

30 - 35 KNOTS THRU 1855Z HAIL TO 1
1/2

I N PCSSI BLE

METHOD C



Repetition 2

W NDS/ TEMPERATURES ALOFT FORECAST

FD KWBC FD KWBC
BASED ON 151200Z DATA BASED ON 151200Z DATA
VALI D 151800Z FOR USE 1700Z - 2100Z VALI D 151800Z FOR USE 1700Z - 2100Z
TEMPS NEG ABOVE 24000 TEMPS NEG ABV 24000
FT 3000 6000 9000 12000 18000 ACY
ACY 2107 2006+03 2215-01 2322-06 2338- FT
17 3000 107
24000 30000 34000 39000 6000 006+03
2348-29 236143 237252 238160 9000 215-01
12000 320- 05
18000 338-17
24000 348- 29
30000 36143
34000 37252
39000 38160
METHOD B
METHOD A

W NDS/ TEMPERATURES FORECAST FOR
ATLANTI C CITY NJ

VALI D: 15TH 1800Z FOR USE 1700Z - 2100Z
BASED ON 15TH 1200Z DATA

ALTI TUDE DI RECTION VELOCITY TEMP. (C)

3000 210 07 --

6000 200 06 03

9000 220 15 -01
12000 230 25 - 07
18000 230 38 -17
24000 230 48 -29
30000 230 61 -43
34000 230 72 -52
39000 230 81 - 60

METHOD C






TERM NAL FORECAST

FT I AD 151010 C10 OVC 2H OCNL C5 X 1/ 2F.

16Z 60 SCT 6 OCNL F 3305 22Z CLR 3315.
00Z CLR 33/15. 04Z VFR..

METHOD A

TERM NAL FORECAST FOR DULLES I NT' L

TIME VALID: 15TH 1000Z -
1000Z - 1600z

SKY: CEI LI NG 900 OVERCAST

VISIBILITY: 2 HAZE

WND: CALM

REMARKS: OCCASI ONAL CEI LI NG 500

16TH 1000z

SKY OBSCURED VI SIBILITY 1/2 FOG

1600Z -
SKY: 5000 SCATTERED
VISIBILITY: 6 OCCASI ONAL FOG

2200z

W ND: 330/ 05
2200z - 0000z
SKY: CLEAR
W ND: 330/ 15
000Z - 0400z
SKY: CLEAR
W ND: 330/ 15
0400z - 1000z
VFR
METHOD D

10

FT 1 AD

151010
al ovC
2H
OCNL G5 X 1/ 2F

167
70 SCT
6 OCNL F
3305

227
CLR
3315

0074
CLR
3315

04z
VFR

METHOD B

TERM NAL FORECAST FOR DULLES I NT' L

TIME VALID: 15TH 1000Z - 16TH 1000Z
1000Z - 1600Z SKY: CEILI NG 800
OVERCAST

VISIBILITY: 2 HAZE WND: CALM
REMARKS:

OCCASI ONAL CEI LI NG 500 SKY OBSCURED
VISIBILITY 1/2 FOG 1600Z - 2200Z SKY:
9000 SCATTERED VI SIBILITY: 6

OCCASI ONAL

FOG W ND: 330/05 2200Z - 0000Z SKY:
CLEAR W ND: 330/ 15 0000Z - 0400Z SKY:
CLEAR W ND: 330/ 15 0400Z - 1000Z VFR

METHOD C
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SURFACE OBSERVATI ONS

SA BW 1854 150 SCT 8K 181/62/58/1310

/015

METHOD A

SURFACE OBSERVATI ON FOR BALTI MORE
WASHI NGTON | NT' L
TI ME: 1854Z
SKY: 15000 SCATTERED
VISIBILITY: 6 SMOKE
SEA LEVEL PRESSURE: 1018.1
TEMPERATURE/ DEW POl NT: 62/ 58
W ND: 130/ 10
ALTI METER: 30. 13

METHOD D

12

SA BW 1854
150 SCT
7K
181
62/ 58
1310
014

METHOD B

SURFACE OBSERVATI ON FOR BALTI MORE
WASHI NGTON | NT' L

TI ME: 1854Z SKY: 15000 SCATTERED
VISIBILITY: 9 SMOKE SEA LEVEL
PRESSURE:

1018.1 TEMPERATURE/ DEW PO NT: 62/58
W ND: 130/10 ALTI METER 30. 16

METHOD C



Pl LOT REPORTS

UA / OV EVR 270050/ TM 1522/ FL 080/ TP C172

/ SK 018 SCT 030/ TA -04/1C LGTI R ME 060

/RM WND COVP HEAD 010 MH300 TAS 115

METHOD A

Pl LOT REPORT FOR NEWARK

LOCATI ON: 270 DEGREES 50 M LES FROM
NEWARK TI ME: 15227 ALTI TUDE: 7000

Al RCRAFT TYPE: Cl172 SKY: 1800 - 3000
SCATTERED TEMPERATURE:

-07 ICNG LIGHT
RI VE 6000 REMARKS: HEAD W ND COVPONENT 10

MAGNETI C HEADI NG 300 TRUE Al R SPEED 115

METHOD D

13

UA / OV EVR 270050

[/ TM 1522

/[ FL 090

/TP C172

/ SK 018 SCT 030

/[ TA -05

/1C LGT RI ME 060

/RM WND COWP HEAD 010
MH300
TAS 115

METHOD B

Pl LOT REPORT FOR NEWARK

LOCATI ON: 270 DEGREES 50 M LES FROM
NEWARK TI ME: 15227 ALTI TUDE: 10000
Al RCRAFT TYPE: Cl172 SKY: 1800 -
3000

SCATTERED TEMPERATURE:
LI GHT

RI ME 6000 REMARKS: HEAD W ND
COVPONENT 10 MAGNETI C HEADI NG 300
TRUE Al R SPEED

115

-06 I G NG

METHOD C



HAZARDQOUS WEATHER ADVI SORI ES

MKCC WET 201345 CONVECTI VE SI GVET 18E
NJ DE MD PA NY FROM ACY TO BW TO BGM
TO BDR TO ACY AREA TSTMs W TH FEW
EMBDD CELLS FCST TO 1900Z DSPTG AREA
WLL MOV EWD 25 KNTS

METHOD A

CONVECTI VE SI GVET FOR EASTERN U. S.

DATE: 20TH OF MONTH
TI ME VALID: 13557
OBSERVATI ONS

STATES: NJ DE MD PA NY
AREA: FROM ATLANTI C CI' TY TO BALTI MORE
TO BI NGHAMION TO BRI DGEPORT TO
ATLANTIC A TY
ACTIVITY: AREA THUNDERSTORMS W TH FEW
EMBEDDED CELLS FORECAST TO 1900Z

DI SSI PATI NG AREA W LL MOVE EASTWARD
AT 25 KNOTS

METHOD D

MKCC WET 201350
CONVECTI VE SI GVET 18E
NJ DE MD PA NY
FROM ACY TO BW TO BGM TO BDR TO ACY
AREA TSTM5 W TH FEW EMBDD CELLS
FCST TO 1900z
DSPTG AREA WLL MOV EWD 25 KNTS

METHOD B

CONVECTI VE SI GVET FOR EASTERN U. S.

DATE: 20TH OF MONTH TI ME VALI D: 1340Z
OBSERVATI ONS STATES: NJ DE MD PA NY
AREA: FROM ATLANTI C CI TY TO BALTI MORE
TO BI NGHAMTON TO BRI DGEPORT TO
ATLANTI C CITY ACTIVITY: AREA
THUNDERSTORMS W TH FEW EMBEDDED CELLS
FORECAST TO 1900Z Di SSI PATI NG AREA
WLL MOVE EASTWARD 25 KNOTS

METHOD C

A-10
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APPENDI X B. Data Link Services
The following are the initial data |link weather (WK) and air traffic control
(ATC) services.
ATC SERVI CES
Altitude Assignment: This service provides an assigned altitude, and

altineter setting, if required.

Sector Hand-off or Frequency Change: This service provides the radio
frequency of a sector to whom control is being transferred. It will contain

other data such as altinmeter setting or interimaltitude.

WK SERVI CES

Terminal Forecast (FT): This is a 24 hour prognosis of surface WK

conditions within the i mediate vicinity of an airport. A donestic term nal
forecast includes some or all of the following elenents: 1) Station
identifier, 2) Date-tine, 3) sky and ceiling, 4) visibility, 5) W and
obstructions to vision, 6) wind, 7) remarks, 8) expected changes and, 9) six-
hour categorical outlook. The pilot may optionally specify a tinme of day when

maki ng a request for term nal forecasts.

Winds/Temperatures Aloft (FD): This service provides projected w nds
and tenperatures for a range of altitudes for a specific location identifier
for a specific forecast tine period. For each altitude, the report provides
wi nd speed, wind direction, and tenperature. Reports are given for 3000
6000, 9000, 12000, 18000, 24000, 30000, 34000, 39000 and, (high altitude)
45000 and 54000 (feet). The pilot may optionally specify a tinme of day when

maki ng a request for term nal forecasts.

16



B-1
Surface Observations (SA): This service provides current neteorol ogi cal WK at
a selected |ocation. It includes some or all of the following elenents: 1)
station designator, 2) type and time of report, 3) sky condition and ceiling,
4) visibility, 5 WK and obstructions to vision, 6) sea |level pressure, 7)
tenperature and dew point, 8) wi nd direction, speed and character, 9)

altineter setting, and 10) additional remarks.

Pilot reports (UA or PIREPS): This service contains reports of in flight W
conditions made by pilots. It includes sonme or all of the follow ng el enents:
1) location of reported phenonena, 2) tinme, 3) altitude/flight Ilevel, 4)
aircraft type, 5) sky cover, 6) flight visibility and WK, 7) tenperature, 8)
wi nd, 9) turbul ence, 10) icing and, 11) remarks. The pilot may optionally
specify any one of the followng paraneters: 1) Atitude, 2) "C for
i nformati on on cl oud bases and tops, 3) "I" for information on icing, 4) "T"
for information on turbul ence. If no parameters are contained in the
request, then all Pireps associated with |locations within a specific radius of

the requested | ocation are delivered.

Radar Sunmaries (SD): This service is a |lowresolution graphic representation
of precipitation intensities using ASCI characters. The \Weat her
Conmuni cati ons Processor (WCP) shall return a portion of the radar summary

which is centered about a specified |ocation

Hazardous Weather Advisories (WST): Four types are provided, i.e.,
Convective Signets (significant neteorol ogical information), Ugent Signets,
Sigmets and, Airmets (airman's neteorological information) in order of

i ncreasi ng severity.
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APPENDI X C.  Pilot Information Sheet
Nanme
Age
May we contact you for further assistance and/or clarification of responses,
and to provide you a report of results?

YES NO

If YES, please tell us howto reach you.

Addr ess:

Tel ephone: ( ) Best tine to call

FAX:

Pil ot Ratings:

How many years have you been flying?

Please list all types of experience you have.
Commercial airline ___ Corporate
Ceneral aviation __ _Mlitary

Please list the primary aircraft, your position and, hours in the next

guesti on.

Aircraft Position (e.g. PIC) Approximate flight hours IFR tinme

Total hours = Total IFR =

How frequently do you fly?

__ Daily

__1-2 times per week

__1-2 times per nonth

—(Specify)

VWhen was your last flight?

How long (tine) is a typical flight for you?

19



CG1

VWhat is your source of weather information?

FSS

DUAT

O her conputer sources
_ (Specify)
VWhat types of specialized conmunication/ navi gati on equi pnent do you have
experience with? (e.g., Loran, ACARS)

How fam liar are you with the data |link system bei ng proposed by the FAA?

20
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APPENDI X D. Acronynm Contraction Famliarity Test

SURF OBS

Acronym Cont ext

1. CLR BOS SA 1854 CLR
2. SCr CVG SA 1630 150 SCT
3. -BKN DAY SA 1300 - BKN
4. O/C SAT SA OV/C

5. VSBY SFC VSBY 1/2

6. M MDW RS 1856 - X W/
7. T T WMVG E

8. F OVC 1 1/2 R+F

9. 1522G35 53/ 49/ 1522G35

10. 991 1522G35/ 991

TERM FCST

1. S-BS C5 X 1/2S-BS

2. OCNL OCNL Q0

3. X s X

4. VCNTY TRW VCNTY

5. SW 3BS 3320 CHC SwW
6. AMDTS NO AMDTS AFT 03Z
7. MWFR 04Z MWFR

8. C 5 X

9. CHC CHC Sw

10. -Xx G -X

Pl REP

1. BL | NTMILY BL

2. CAT MDT CAT

3. /T™ [/ TM 2200

4. [ SK / SK 024 BKN

5. UNKN / FL UNKN

6. LGI-NMDT /1C LGT-MDT RI ME
7. RNWY RNWY 22 JFK

8. /ITA /[ TA -08

9. MH310 /RM MH310 TAS 180
10. /TP [/ TP BE55

VBT

1. PSBL HAIL TO 1/2 I N PSBL
2. TSTMVB LI NE TSTVS

3. DVLPG TSTMS DVLPG

4. SGFNT NO SGFNT TSTMs
5. MOVG MOVG FROM 2315

6. CONT LI NE WLL CONT
7. SVR SVR | CI NG

8. EMBDD EMBDD CELLS

9. I NTSFYG W LL CONT | NTSFYG
10. SPRDG SPRDG OVR
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APPENDI X E. Questions for Phase One

Each task/question was designed specific to the information available
in particular WK service. The first question was asked for the first
repetition; the second question was asked for the second repetition
Questions that were asked under each service follow
Pirep
VWhat kind of aircraft created the report and what icing conditions are
reported?
At what altitude was the report nmade and what is the tenperature
reported?

Sur f ace (bservati on

VWat are the sky conditions and the w nd?
VWhat is the visibility and altineter setting?

Term nal For ecast

VWhat are the visibility conditions for the first and second tine periods?
VWhat are the sky conditions for the first and second tine periods?

Convective Sigmet

VWhat is the tinme valid of this report and the current activity?

W nd/ Tenp Al of t

VWhat conditions are forecasted at 6000 feet.

VWhat conditions are forecasted at 12000 feet.
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APPENDI X F. Phase 1 Post-Test Questionnaire
1. Four different ways of presenting information have been shown. Overall

and for each specific service type, please rank order the four methods in

terns of preference. Exanples will be provided for your reference.
1 = MOST Preferred 4 = LEAST Preferred

SURFACE OBSERVATI ON Wy ?

Method A

Method B

Method C_

Method D

TERM NAL FORECAST Wy ?

Method A

Method B

Method C_

Method D

Pl LOT REPORTS Wy ?

Method A

Method B

Method C_

Method D

HAZARDOUS WEATHER Wy ?

Method A

Method B

Method C_

Met hod D

F-1
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W NDS/ TEMP ALOFT Wy ?

Met hod A

Met hod B

Met hod C

2. Are there any other methods that you can suggest that woul d nake the
information clearer and easier to read?

3. Wuld you prefer a graphics presentation of weather where at all feasible?
4. Do you prefere the spelling out of the information or the use of acronyns
i n weat her nmessages.

Acr onyns Spel | ed out

Expl ai n:

5. Were the character sizes: (check one)

Too snal
Just right
Too | arge
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APPENDI X G Phase 2 Post-Test Questionnaire

1. Please rank order the four input nmethods in terms of preference.

1 = MOST Preferred 4 = LEAST Preferred

Direct typing

Bezel sel ect

Nunber sel ect

Cursor sel ect

For exanple, appearance, intuitiveness, susceptibility to errors, speed or
operation, etc.

2. Please specify any characteristics about your MOST Preferred nmethod that
woul d make it even better.

3. If you would have encountered these input nethods "cold", would it have

been obvi ous how to enter a |ocation identifier?

Direct typing YES NO, it was not obvious
Bezel sel ect YES NO it was not obvious
Nunber sel ect YES NO it was not obvious
Cursor sel ect YES NO it was not obvious

4. For each nmethod pl ease describe briefly its nmajor advantages and

di sadvant ages.

Direct typing

Bezel sel ect

Nunber sel ect

Cursor sel ect

5. Do you have any preference on how the location identifier should be
ordered on the display (e.g., alphabetically, by route, randomor other).

Pl ease specify or draw

6. Should one of the LOCI Ds be designated as default when the nmenu appears?

Yes No
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G1

If Yes, which one (e.g. first, last, center, other)?
7. If you have nmade a weat her request for, say LAX, should LAX becomne the
default LOCI D whenever you nmake anot her request (regardless of type)? Please
expl ai n.

YES NO
8. Was the additional information provided by the translation of the three
letter station identifier useful? (e.g., LAX Los Angeles Int'l Ca).

YES NO Expl ai n

9. During the typing node the LOCID was entered; if additional characters
were entered, the left nost letter dropped out and the last two shifted left.
The entered letter is placed in the right nost position. |Is this acceptable?

Sel ect one and if no, explain. YES NO

10. Was the term nol ogy used (e.g., SEND, CLEAR, etc) acceptable?
YES NO

SEND

CLEAR

MAI' N

LOC D

Changes suggest ed:
11. The message status indicators: SENT, PROCESSI NG and, AVAILABLE appeared

after maki ng a weat her request.

Was this term nol ogy acceptabl e? YES NO
Was the | ocation acceptable? YES NO
Expl ai n.

12. VWhat type of annunciation (e.g., flashing light, tone, etc.) of

i ncom ng nmessages woul d you desire in an operational systenf
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ATC nessages Weat her nessages
G2

13. Do you think the use of color on a display of weather and ATC i nformation

is:
Very hel pful
Somewhat hel pfu
No preference either way
Sonewhat detrinental
Very detrinenta
Wy ?

14. Were you satisfied with the appearance and operational characteristics of
the main nmenu? YES NO If no, please explain.

15. Were the character sizes: (check one)

Too snal
Just right
Too | arge

G3
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APPENDI X H.  Pre- and Post-test Pilot Comments
The subsequent paragraphs describe the comrents/suggestions nmade by the pilots
during the Mni Studies eval uation of input methodol ogi es and screen/fornat

presentations for the initial package one WK Servi ces.

Air Transport Pilot # 1
"We can get WK anytinme through ACARS (ARINC) on a printer, in fact, its

al ready done quite eaeily.™

He described the keystrokes for requesting WK using the ACARS equi pnent

M SC (m scel | aneous button) -7-Enter(or slewto the desired station first-the
default is his destination airport)-SEND. In practice, he requests surface
observations and term nal forecasts. He wasn't very famliar with Pil ot
Reports, in fact, he said the "little guys" down bel ow are concerned with

Pl REPS, he's nore concerned with Ride Reports. He also said that nobody cares
about FD s (W nds/ Tenps Al oft).

H s dispatcher sends S| GVETS autonmatically over ACARS.

"If you go to airline people make sure you nake people aware that you al ready
know what is out there."

"Airline community woul d be underwhel med--Wy are you doing this, we already
have a better system™

"Way would | waste ny time with FAA WK generated ground precipitation
intensities when ny WK radar displays precipitation at nmy altitude.”

"Where this (data link) can help is with radios.”

He would still like a warmfuzzy comng up through DL conveyi ng sonmehow t hat
ATC has himon the new frequency.

He described how an altitude assignment nmay be handled with the use of a NEW
TARGET and CURRENT TARGET bugs. A sinple switch hit would set the NEW TARGET
bug to the altitude of the data |inked AA, and a subsequent switch hit woul d
put it in the TARGET (current) bug.

H1
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Sonme responses to the loss of the "Party Line": "The thought of losing it
(party line) never bothers nme"; "If WK goes to pot and the plane ahead of you
is holding then you have a feeling that you' re going to hold too--but | don't
really need it"; "You'd have to be paying a lot of attention to know if
someone has been cleared into your airspace."

He expressed thoughts about an optim zed ATC system a so called "conveyer
system that woul d nanage nore effectively traffic into "slots.

He would "l ove" ATIS through DL.

He prefers a printer to a display; "It's a logistics problem.this display is
prime piece of real estate that | may use only one time" [the above conment
was ma~ with regard to an earlier coment that he may only request W
once in a normal/routine flight].

On viewi ng the conmuni cations, navigation, identification (CNI) page denp
the foll owi ng suggestions were made: "It is cluttered (he saw the cluttered
version of the CNI page, the uncluttered version wasn't available yet)"; "I
think it's GREAT"; "Do this also for altitudes, headings and airspeeds”; "Put
USE in a brighter color, different from STDBY- deenphasi ze COW 2, we (at
American Airlines) primarily use COM 1 in the air and COW 2 on the ground
for ATIS, etc.

He prefers the Term nal Forecast in English and the Surface Gbs in the
"cryptic" style. "At the very |least, separate the answers fromthe field
descriptors and addi ng col or rmay hel p"

About FT's: "FT's - I'"'mup at cruise, |I've got the time - easiest way to
understand it is in WORDS - Format D (English and structured).”

Addi tional conments about the WK fornats:

"Reading WK formats is not a dynanmic, real time, high workload event.

H 2



The foll owing coments were made with regards to the I nput Methodol ogies
experinment: "99 out of 100 (pilots) wouldn't load LOCIDs in (prior to
departure) - cities that you fly over aren't inportant.”

"...by default | should be able to type in a LOCID and a scratchpad coul d cone
up.

"I can go a whole month without calling up any WK ot her then ny destination,
unl ess ny WK at destination is getting worse and | want to | ook at an
alternate airport."” "I only care about two cities at nost; it's a noot point
that I would have 9 LOCIDs available"; "I can't see that in a typical
situation you woul d have nore than 2 to 3 LOCI Ds."

"NOT VALID testing, because you're not going to enter it in that way anyway";
...doesn't matter what the best way is"; "WK Input: - mnor thing as far as
taki ng your attention away."

Wth regards to the typing nmethod: "I don~t like it already”; "Qoviously,
there is a big learning curve on the Reypad."

He tal ked about a situation where a crew was flying, on approach,

perpendi cular to the two parallel runways 27L and 27R at ORD and the pil ot was
cleared visual to 27R In a nutshell, the pilot m ssed the approach because he
had "beconme a slave to the FMC', "Wen it's new (such as the computer) they

(the pilots) make it tunnel vision for thenselves.

Air Transport Pilot # 2
"At night tine....how do we get WK at night tine?. ..FSS (Flight Service
Station) is asleep....this wwuld be a big help."
"W fly the little dinosaurs, there's nothing Iike an auto throttle.”" Wth
regards to an automatic uplinked speed change: "I don't think people would
want to do that."
"I generally don~t use Pilot Reports at all - doesn't affect me at all";
"Al nost never see a Pilot Report at the altitudes (flown) for a big airplane”;

"Pirep is usually reported by the guys down below (GA)."
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H 3

Wth regards to the English style presentation for the WK formats: "I't would
prevent you from screwing up"; "l've never seen anything in | ong hand before."
"I"mback 100 yrs., I"'mstill using the old synbols (the circular style

synmbol s for cloud cover), |I'mhappy with the old synmbols nyself."

"He's going to get his WK way before he actually gets there.™

He tal ked about the current way they broadcast convective signmets, and how
they' Il describe a line of thunderstorns in relation to sone seldom
heard station identifier, how a series of these can be difficult in picturing
t he actual WK phenonena.

Wth regards to crew alerting: "ATC is nore inportant, use yellow or a
caution color, for WK, use sone other color like a blue or nagenta..... yel | ow
is for an alert light...yellow on our INS and inertial NAV flashes and cat ches
your eye real quick"; "I prefer flashing the Iight because there's so nmuch

noi se anyway." "Some planes need to TOD (Top of Descent) earlier nore so than
others, therefore its often that one would request to descend so they can get

to their destination

Air Transport Pilot # 4 and 5 (Joint Pre-test Interview)
LOCI D nmenu: "Would this be on your route of flight?. How would they get in
there?”; "Put major cities that you' re going to hit into the LOCI D nmenu, you
may have to type in the alternate because the alternate changes everyday"; "I
like the idea of inputting a letter which would bring up the page of
station identifiers corresponding to the letter chosen.™
W nds/ Tenp Al oft: "They could be real helpful, we currently get w nds data on

the airplane; the data |linked FD woul d give us an idea how accurate that is.

WK formats in general: "Mght be hard to read that close together anD that
smal | ...add a spacer between the lines of text"; "Everybody is so used to
| ooking at the formats that the FAA puts out~'; "W don't have dispatchers,

we have to do this all on our own"; "...suggest integration into WK radar."
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Message List: "I'd be able to get trend information rather easily, nowits so

much of a hassle"; "For W this would be fantastic."

H 4
ATC Services: ~'It would al nost have to be enroute, in the term nal area, no.
Crew Alerting: "A tone, or sonething, to let you know that sonmething is

there. You need a light and tone."

Air Transport Pilot # 5, 6, and 7 (Joint Pre-test Interview)

Crew Alerting: "Does it have an audible, a way of alerting you that sonething
has come up....probably both an audible and a |ight would suffice."

ATC Frequency Change: "...sonmething that tells you that he has checked in;
currently, there is no way of checking in until you have a voice call. Maybe,

an asterisk or sone indication that the ground has you on frequency."

"Looks |ike ACARS here, |ooks exactly like ACARS...It's |like ACARS-you touch
it on the screen--1 like line select the best.” (Note: they've seen ACARS

t hrough junp seat rides).

"The trend is going to manual typing and conputer progranm ng; instead of
reduci ng pilot workload they're rechanneling it to a different area.

"I like the vertical setup (teletype version)."; "Add color on the tine
periods in the vertical structure FT."

"For exanple, clearances would be better in hard copy formrather than having
to wite everything down."

Radar Sunmari es: "I don't like those I's, 2's and 3's they have on those
Radar Sunmaries."”

Pil ot comrents (No objective data coll ected)

"Need redundancy of the alerting system if sonething goes out something el se

goes on." "In the approach/departure environnment bel ow 20,000 ft, ATC does a
ot of things that you see now and act on later." "Any piece of equipnment in
the airplane should be useful fromblock to block.” "WK reporting stations,

are not collocated or coordinated with the actual VOR itself. "FD s are

forecasted, not actually going on right now - that's not goo~ ror ne. "You
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don't actually get PIREPS fromairlines-we don't volunteer anything." "A lot

of people don't know what the cryptic abbreviations for type of aircraft are.

H 5
We don’t use ARINC very often unless were over the Pacific or something - we
don’t wuse it very often.”
"What's it going to do for me that I don't already have now?"
"When at TOD 130 miles out, you want to plan on a particular runway, you want
to listen to ATIS." "I don't see anything here that ACARS can't give ne.";
"Don't reinvent the wheel. "I thing this is a waste of noney."; "If ACARS
didn't exist this would be wor investing the noney to do this. "You don't need
NOTAMS in the a Clearance delivery, enroute information over the ocean, and an
integrated altitude alert were recommended in response to what a DATA LI NK

system could do for them

Ceneral Aviation Pilot # 1 "If you're going to talk in terms of howto
decrease ny workload than this is great."

CNI denmo: “Wen I'mflying it would take nme |longer to | ook down and type 117
than to turn a knob."

"Some LORAN receivers have the ability to select a station identifier by their
literal translation, a convenient |ook-up function."

"Put sea |l evel pressure next to altimeter."

In response to having a keyboard: "Leaning over can easily induce vertigo if
you are in hard I FR, naybe there should be controls on the yoke, or down to

your side." "Typing in information may be O K in a preflight node."
"I"ve seen LORANS where you can scroll thru LOCIDs or thru cities and using a
radio |like switch, when turned, scrolls thru the al phabet..... and so on.

In response to WLCO “Wat controller really wants to hear is --affirmative.
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"I's there any recourse for stopping the transm ssion of an incorrect response
to an ATC nessage?”
"Learni ng ATC phraseol ogy is one of the nost difficult tasks in becomng a

pil ot.

H 6

General Aviation Pilot # 2
In response to the CNI deno and a data |inked frequency change: "At the top
level it~s a neat idea, but it seens like there~s a |ot of gadgets to just
say-N...turn to 108.50."
"I don't think I like that (cursor key nethod)."
"The concept is neat, especially getting WK information and | ooking at it at
your own leisure. It gets kind of squeam sh getting ATC stuff over data |ink
it doesn't seemto be reinforced enough as it 1is verbally, you don't get
the positive acknow edgenent - maybe it's just that | don't feel confortable.
| get a warm fuzzy by reading cl earance informati on back correctly, both ATC
and you have heard it twice; with data |link, the controller may have had a
typo and you may have not read it right.”
"When ATC gi ves you an anended headi ng or an anended cl earance you hear it
over the headset. Especially if you are VFR | ooking outside, trying to figure
out checkpoints. (Wth data link) I don't know how you're going to see it -
it my be as sinple as a beeper going off in your headset."
Alerting: "Problemwith a light is you have to see it; you may not get back
(in your scan) to the visual indicator, your ear will always hear that, like a
tone in your headset."
"I'f you had the letters in the formas a typewiter it would be better for ne.
"I didn't like the 3x3 cursor key arrangenent; if | want to get Chicago (ORD)
I nave to cursor over twice. The nore keystrokes | make the better chance for

nme to nake an error.
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“This is kind of bizarre...... in the F-16 you can call up a zillion things on
the HUD by not taking your hands off the throttle & yoke. This would be great
here too.”
"For a GA guy, | think the WK stuff is nmore useful.”
"I'f you can replace the transponder, NAV/COM ADF and DME then sonet hi ng that
size is not bad (referencing the display); You can get by with 2 or three
lines with the coded format of surface observation that you get now, but wth
radar summari es you need sonething bigger."

H 7
"Typing was the nost versatile one, even though the data may show that it took

t he I ongest.™

General Aviation Pilot # 3
"I use DUAT all the tine, | don't have too nuch problemw th it, but |I know a
| ot of people that are up in arns with it."
"I like the idea that I can make nultiple requests and be able to retrieve the
one that | want.
"I think Surface Cbs is better than SA. "
"We're used to seeing sea |level pressure as pressure altitude.”
"Can you nake the information a different col or, maybe even spaces, so when you
are at the point when you're used to it you can just pick out the information
you want a | ot easier.
"Maybe you can put the cursor keys on the yoke.”
"Skip a line, alternating colors or perhaps connect a thin line that brings
the information together." [1,1 version of FD|
"What | think would be nice to have is a RDU (Renote Display Unit) tied with a
master caution light, that would be all head up so | can act now with the
i nformati on and deal with the display later."
You have to be famliar with giving them to understand what's out there."

[Pireps] "I prefer to continue using line select/bezel keys instead of first
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using bezel (for selecting service) then going to either the nunber pad or

cursor keys below (to select the station identifier).

Ceneral Aviation Pilot # 4

“Not enough tine to type; not all pilots type.

General Aviation Pilot # 5
"Put nunber pad to the right or left, not nelted with other keys.
"If you can get it on the window (line select functions) why have the
al ternate met hod of punching keys?"

H 8

"M nimze keyboard as nuch as possible! (bunpy air)"
"W, GA, never see Pireps.”
"In some WK reports the mnus (s-bs, x-, etc.) is not consistent, sometines it

appears before and sonetines after.”

"Put nmore English in Pireps, "we" (pilots) never see themprinted out.”

"W only hear WK advisories over the radio and only hear them once, once you
start to listen you have already m ssed the first part. Need to repeat the

entire advisory." Wth regards to WK formats in general: "Ones that you see
nmore often are K in line (horizontal structure~, the ones you don't see spel
it out and arrange it vertically.”

H9
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APPENDI X | . Questionnaire Conments
PHASE 1 Information Retrieval
QUESTION 1. Four different ways of presenting information have been shown.
Overall and for each specific service type, please rank order the four nethods
interms of preference. Exanples will be provided for your reference.
1= MOST Preferred 4 = LEAST Preferred
SURFACE OBSERVATI ONS
ATP
Method A is the normal fashion to nost pilots. Method B is too hodge-podge
and it non-standard manner. Method C has the question and answers on is
presented in different lines. Method D is readable.
Method A is about equal to B. Method B, the info popped out at ne, easy to
read. | would rather rear D over C
Method A1 am used to using.
Method A is the nost confortable for ne.
Method A is the easiest to see and to read.
Met hods A and D not witten in English, Methods C and D. can find what | want
qui ckly.
GA
Method Cis too cluttered to scan. Method Dis easy to read with no
interpretation required. This is an inportant feature for GA pilots that
don't fly often.
Met hod C requires you to search for information and is too run together.
Method Dis easy to find what | want.
Conbi ne nmet hod B and nmethod D (see question 2).
For me nethod B and nethod D are excellent ways of presenting data. It is
easy to read in the line by Iine fashion. Mthod Bis nerely a | ess decoded
versi on of nethod D. Method D is better for that reason. | mprove on net hod
D by abbreviating categories and making thema different color fromthe data.

Separate the two wth nore spaces.
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-1
Met hod D i B easy to deci pher and visually pleasing.
Method D is the nost conplete and specific. Wth speed and anount of
information available with data Iink, information should be CLEAR
Method Dis easier to read and requires no interpretation. |1'mnot sure which

is better "B" or "C'

TERM NAL FORECAST

ATP

Method A is normal fashion to nost pilots. Method 8 is too hodge-podge and it
is presented in non-standard manner. Met hod C contai ns questions and answers
on different lines. Method D is readable.

Method Bis a little bit nore difficult than D. Method Cis the hardest to
read on the conputer screen. Method Dis first because it is easiest for ne
to find info quickly.

Method A is the method I amused to using.

Met hod C runs together. Met hod D takes longer to read but the information is
spel I ed out.

Method A is the easiest to see and read.

Met hods A and D not witten in English, Methods C and D. can find what | want

qui ckly.

GA

Sanme as SA

Method B, | don't know where to |look for time increments. Method C is okay,
but words seemtoo tightly packed. Method D is broken into |ogical groups,

i.e., tine.



Conbi ne nmet hod B and nethod D. (See question 2)

Agai n, better organi zation and greater use of abbreviations (not obscure ones
like the current group). The use of color will further aid the pilot to find
the data he needs.

I"mused to nethod A, so therefore its quicker, but at the same tinme it's hard
to remenber all the abbreviations. Method Cis nice to read and conprehend.
Method Cis clear. Method Dis clear, conplete, and i nformative.

Method B is easier to read than nmethod C however, it requires nore thinking.

Pl LOT REPORTS

ATP

Method Cis a bad format, but the “words” are good. | amnot used to reading
pilot reports, all the TMFL/ TP stuff is too cryptic.

Met hod A has all those slashes to pick between, which I don't like. Method B
is the easiest to extract information quickly. Method Cis harder to pick

i nformation out of the block format. Met hod D has nore words to read and
understand, but the indentations are good.

Unfam liarity with sonme abbreviations; prefer spelled out without running info
t oget her.

Met hod B is the easiest to understand.

Met hods A and D not witten in English, Methods C and D. can find what | want

qui ckly.

GA
Sanme as SA

Method A is what |'mused to. Method B is better than nethod A because it
lists categories. Met hod C is okay, but words seemtoo tightly packed.

Method D is broken into |ogical groups.
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Conbi ne nmet hod B and nethod D. (see question 2)
Method B is concise and orderly. The abbreviations can nmake it tedi ous but
its a better tradeoff. Method D, the verbiage on this formis |ess
attractive.
Method A is standard. Method B is easy and quick. Method Cis wordy. Method
Dis nore definitive.
Method Ais too cryptic and it does not reduce pilot workload as the use of
data |ink should. Method D uses advanced technol ogy to inform and advi se the
pil ot.

Met hod C has information all running together and not broken out into groups.

HAZARDOUS WEATHER

ATP

Met hod B: indenting hel ps readability. Method C and D readability words are
better than acronyns.

Method A is a mxture of acronyns that | have to translate while searching for
data; makes it cluttered and busy. Method B is the easiest to extract info
qui ckly. Method Cis getting nore cluttered and wordy. Method D has nore
words to deal with and the synbol ogy of unabbrevi ated words is harder to get,
but the intentions are good.

Unfamiliarity wth sone abbreviations, prefer spelled out, wthout
runni ng i nformati on together.

Met hods A and D not witten in English, Methods C and D. can find what | want

qui ckly.

2
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Sane as SA

Sane as above.

Conci se and cl ear.

A fine line exiets between B and D for ne. D has crossed the verbosity |line
again. B still has sonme bad abbreviations, but it is clearer. | can find the
information I need quickly without having to stare at the display.

Need for data link to help pilot is nore with hazardous WX since such
advisories are not as frequently used as surface observation and term nal
forecast. These are hard to read, need good readability to understand exactly.

G oup broken out into segnents for ease of readi ng and understandi ng.

W NDS/ TEMPERATURES ALOFT

ATP

Met hod C was very graphic. Method A was a munbo-junbo mx. Method Bis the
easiest to read and fastest to conprehend. Method C, | ooking across col ums
is not quite as easy Method C, no conversion of wind tenp required for higher
altitude readings. Method Cis very easy to see and understand.

Met hods A and D not witten in English, Methods C and D. can find what | want

qui ckly.

GA

Sanme as SA

Met hod A is okay, but only because | know what to | ook for. Method Bis
easier to read. Mthod Cis very clear and descriptive.

Conci se and cl ear.
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Ef fective use of space to nmaxim ze spelling out of data. No guessing on where

zeros and m nus signs go. Could be sinmplified by screeni ng unwant ed dat a
i.e., in Cessna 172, |I'mnot too concerned about w nds above 12000 ft.
-5

Method B is very easy to read quickly and understand. Method Cis too wordy
and

spread out.

Method A is too strung out and unorgani zed. Method Bis too cryptic. Method
Cis

straight forward, organized, «clear, informative, and shows trend of

directi on,

vel ocity, and tenp.

Met hod A requires figuring out the reporting nmethod and it's too confusing.

Method B is broken out into groups. Method C has too nany col ums.

QUESTION 2. Are there any other nethods that you can suggest that woul d nake
the information clearer and easier to read?

ATP

Col or code questions fromanswers. Add paragraphs or indents for different
valid tines. Keep questions and answers on sane line.

Valid tines different colors.

Make the information in different colors: i.e. (SKY: 2400-3000 BROKEN). Here

sky could be blue and the information could be white.

GA
Modify nethod D to | ook |ike:
Tl ME: 187527
SKY: 8 SCT 220 SCT

VISIBILITY: 6
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OBSTRUCTI ON: HZ SMK
TEMP/ DEW PT:

W ND:

ALT:

This would require | ess reading by giving nore separation between description

and dat a.
-6
SA PHL 1852
SKY: 7SCT
230SCT
VSBY: 6 HK
PRES: 129
etc.

Arrange conci se abbreviations in one colum (in subdued color) and then place
information (not necessarily translated into full English) in brighter col or
opposi te.

My big itens are col or and spaces. Maybe a blank |ine between data lines if
able. Maybe make sone sort of line to connect the category with data if the
space is large. Use obvious abbreviations.

If space is available on formats, separate lines of information with w der

spaces to provide readi ng ease.

QUESTI ON 3. Whul d you prefer a graphics presentation of weather where at al
f easi bl e?

ATP

Especially radar summery charts, "signmets".

Radar summarv and prog charts

GA
For hazardous WK it would be great to superinpose it on map
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A map of the states near your route with the dom nant pressure systens woul d
be nice.

A picture tells a thousand words.

Toss in a stornscope and a couple of radar WK maps and you' ve got a deal

A nmoving map that automatically shows where you are and where you are headed.
Wth option to call up matrix of information for detail or a location

If there would be sonme continuity and not a | ot of obscurity.

Maybe, I'mnot sure how you would do it. | would have to see it first.

QUESTION 4 Do you prefer the spelling out of the information or the use of
acronyms in weat her nessages.

Acr onyns Spel | ed out

ATP
Acronynms for current observations. Spelling out for forecasts and hazardous
WK.

few itenms so standard acronyns are

For current observation | amonly interested in quick & famliar. To read a
forecast it is easier to rea~ wor~s slnce 1 amtypically not in a hurry or
only | ooking for one or two itemns.

Acronyns are better but only if the information is arranged neatly and not
cluttered.

Acronyns are preferred because there is | ess chance of a mstake and it is
faster. Saves space, reduces clutter

Acronyns are preferred.
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Acronyns are ok for SA and FT because of famliarity. However, other reports
contai n acronyns which are not as recogni zable, e.g. Haz W, Pireps.
Acronyns are preferred as |ong as they are understandabl e.

Spelled out, I'mlazy

GA
Spel l i ng out where acronyns are not obvious. Contractions are also
accept abl e.

-8
Spelled out is better, but only if it doesn't crowd the screen
Conbi nation of the two is acceptable. However, change sonme of those bogus
acronyng. TSTRMis pretty good but why i B SMK spell ed K?
Both are acceptable. Some acronyns are perfect e.g., KTS, FCST, SGFNT. Sone
stink, e.g., EWD, PSBL. A better choice would help. Spelling out will only
crowd the screen and nmake it difficult to read/find informati on. Renenber, |
have to fly too. Spelled out if the information is life threatening. | would
hate to msinterpret a signet because | couldn't decipher the acronyns. Sone
are okay though like winds and wi nds al oft.
Data link is fast and broad band (plenty of information). Use the technol ogy
to reduce work | oad.
Al'l professions use acronyns. The problemw th aviation is that too often
there is no continuity to the acronyns.
| prefer words spelled out: but | prefer grouping of itenms over using either

acronynms or spelling out.

QUESTION 5 Were the character sizes: (check one)

Too snal
Just right
Too | arge

ATP
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No comments received

GA
The space between maj or categories was too small for easy readi ng.

The character sizes were just a little too small. Also reduce your numnber

buttons, if possible.
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A bit small, in bunpy air they would be hard to read.

A COMMENT. . . .

In general, pilots conplain about the present system of information
and abbreviations primarily because they didn't get to use it enough. They
are not famliar with the formats or abbreviations. The only tines they use
it is when they are studying for their licenses. After that, they get the
info fromthe FSS or the weatherman and he deci phers the code into English.
As DUAT use becones nore w despread, nore and nore pilots will becone
famliar with the formats and abbreviations. Your systemwll also help

keep pilots proficient in this area.

PHASE 2 DATA ENTRY

QUESTION 1 Pl ease rank order the four input nmethods in terns of preference.
1 = MOST Preferred 4 = LEAST Preferred

ATP

Typing requires too much head-down; unfaniliar keyboard. Usi ng the bezel
one cannot see all cities at one glance because they are too far apart.
Probably the easiest and quickest to understand is the bezel nmethod. Direct
typing is harder and it takes nore attention. Also, with typing, one is nore
likely to nake errors. Reading the nunmber pads is a bit harder than the
bezel, but the data are conpressed so reading it fromthe screen is easier. |
think I liked the short hand and finger novenents of the nunber select a lot.
Direct typing, bezel, and nunber selects were acceptable, but the cursor

sel ect method was not. The cursor nethod did not allow for easy operation
They were ranked according to ease of operation

Typing i s cunbersonme, but |argest selection of LOCIDs. Bezel is easiest - 2
hits and you have it. MNunmber - ? Cursor - have to stare at CRT unti

sel ection i s made.
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GA

Bezel would be easier to execute in bunpy air.

Bezel select allows ne to focus attention on screen and one doesn't have to
shift between screen and keyboard. Direct typing is too slow, but it is
flexible. Cursor select is too indirect and requires too many keystrokes.
"Visual" or "object oriented" selection (where you don't need to think about
what nunber you want or how to "spell™ on the keypad) is direct fromthought
action..less chance of error, nore confortable". (Bezel)

Wth bezel | could select ny desired service, choose ny LOCI D, and send al

wi thin the sane general area. Nunber select | had to first |ocate ny LOC D
read the nunber, then find the key pad. Then I had to find the nunber, then
send. A lot of eye novenent = bad in IFR

Faster, easier, and appearance. (Cursor)

The cursor select nmethod - speed of operation, reduced work | oad, and one may
correct m stakes nade

Past experience w th diagnostic equipnment that utilized this format (nunber

select). Easier and faster. (Bezel)

QUESTION 2 Pl ease specify any characteristics about your MOST Preferred
nmet hod that would make it even better
ATP

No i deas which could inprove nethod

GA
A better keyboard "feel"; i.e. feedback fromtactile sense when you depressed
the function key (simlar to an HP-41 cal cul ator feel).

Send key seens a bit redundant. Wy not send as a result of the selection of

an identifier?
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The only problem | had with Bezel select was when the selection button

wanted was on the right hand side of the screen... it took and extra eecond to
find it over there.

If | pushed nmy LOCID button a second tine that would equal a [ SENT] saved
keystroke. This would reduce the ampunt of head-down tinme and only require ne
to find one button

It is easy to visualize where your 3 letter identifier is in relation to the
cursor. Then just feel for the arrows and check once again before sending.
Need for cockpit workload to be reduced or mstakes to be corrected.

Maki ng the nunerical pad sufficiently separate, and apart fromthe al pha
keys. Al so, make the "5" key simlar to a calculator so that the pilot m ght
be able to use his sense of feel

They are fine the way they are. Maybe use green for the lettering since pink

may be difficult to see with the sun on the screen

QUESTION 3 If you would have encountered these input nethods "cold", would it
have been obvi ous how to enter a location identifier?

NO COMMENTS RECEI VED

QUESTI ON 4 For each method pl ease describe briefly its nmajor advantages and
di sadvant ages.

DI RECT TYPI NG

ATP
Typing in mstakes is possible. It takes too long to type in data. Direct

typi ng takes too | ong.

[-12
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The pilot may not know the identifier.

Fam liarity in working with a 3 letter identifier; poor speed.

You can type in designator that is not shown on the screen

W1l access unknown identifiers (advantage), typing skills (disadvantage).

Mn effort to get any location in the system if |I knew the identifier

GA
Advant age-you can enter any |location you desire. D sadvantage-you mnust
renenber LOCIDs and there are too many keys to press while still flying an

ai rpl ane (SA degradation).

Advant age-very flexible and can use any identifier. D sadvantage-takes to
long to use every tine.

Advant age- Al | ow nore choices (reports not on nenu). D sadvantage-too nmuch
head- down tine; keyboard not user friendly; too many keystrokes and | don't
like typing

Advant age- maxi mum flexibility enroute. WII| be especially useful if diverting
or changi ng pl an. D sadvant age- Requires pilot know edge of wx reporting LOCI D
whi ch sonetinmes is different fromairport identifier

D sadvant age-very slow, hard to find letters and it takes too nuch tine.

BEZEL SELECT

ATP

Eye has to nove around perineter of video and hands nove around nore than on
ot her net hods.

You only have to touch one button

Easy and obvi ous.

Choices are too far apart.

Easy to use.
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Speed (advant age).

Look, find, hit, but what if your LOCID isn’'t |isted.

GA
Advant age- easy to execute (even in turbulence). There is no nmenory of LOClI Ds
required. Disadvantage-LOCIDs Iimted by screen space and bezel keys
avai | abl e. Advantage-m ni m zes the nunber of keystrokes. Disadvantage-limted
to pre-defined identifiers.

Advant age- qui ck, obvious and could do it in a tstorm D sadvantagenot enough
roomfor a whole | ot of choices on nenu.

Advant ages- excel | ent nethod, especially if | pre-flighted it. 1 should know
where the infois, | findit, put ny finger to it and send. D sadvantage-
could be bad if desired LOCID is not on page, but if you conbine with direct
entry, you get the best of both worlds.

Advant age- obvi ous, intuitive and easy to understand.

NUVMBER SELECT

ATP
Once you choose your desired station nunber-it happens quickly. Then you have
to search and choose the right nunber key.

Is intuitive once the systemis | earned.

You only have to touch one button

I s obvi ous.

Good speed and reliability.

Takes tinme to read station than find nunmber to push.

Allows for renote operation

Look, find, hit, but what if your LOCID isn't |isted.
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GA
Advant age- easy to execute (even in turbul ence) and no nmenory of LCclDs are
requi red. Di sadvantage-nore steps to execute than the bezel
Advant age- m ni m zes the nunber of keystrokes. D sadvantage-nust shift focus
fromscreen to keypad and back
Advant age-better than direct typing. D sadvantage-Have to think to nuch and
don't like typing
Di sadvant age-t oo nmuch busy work. First | have to read the li~t to find the
LOCID, then | have to find it~s nunber. Then | have to find the nunber on the
keyboard, Then send it. This is too DI FFI CULT.
Advant age- obvi ous, intuitive, and easy to understand. D sadvantage prone to

greater error.

CURSOR SELECT

ATP

To nove the cursor around requires extra hand novenents, but it is accurate
and is used in many software prograns.

I's intuitive.

Takes to nuch tinme to nove around screen

Extra noves are required to call up diagonally.

Somewhat time consum ng

Speed.

VWhat if your LOCID isn~t listed.

GA
Advant ages-easy to execute even in turbul ence and there is no nmenory of LOCI Ds
required. Probably not as difficult to execute in turbul ence as the numnber

sel ect.
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Di sadvant ages-noving cursor in matrix is too indirect. Takes too many
st r okes. Advant age-woul d all ow a al ot of choices |ike nunber and direct
(fill the screen and use page up and page down). Di sadvantage-may have to
"type around"; a lot to |land on choice.
Advant age- good because | know exactly what |'mgetting: no typos or m ss-
ent ered nunbers. Di sadvant age-t oo much head-down tinme maki ng sure cursor is
in correct spot.
Di sadvant age-sl ower and requires eye and finger coordination. Do not |ike as

wel | as bezel or nunber sel ection.

QUESTION 5 Do you have any preference on how the location identifier should
be ordered on the display (e.g., al phabetically, by route, randomor other).
Pl ease specify or draw

ATP

Route is definitely the best; sequentially would be good. For exanple,
suppose the flight was from LAX to ORD than the order should be (LAX-PHX- DEN-
DSM NBP- ORD) .

By route with alternate and destination always in sone preselected | ocation.
Al phabetically or by route.

Al phabetical ly

By route

Al phabetical ly.

Bezel -order of flight plan

Nunber - order of flight plan

Cursor- rder of flight plan. Cursor follows flight plan with only one
advance button needed. On recall cursor is |located at enroute point of
flight.

Rout e.
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GA
By route. Future capability to couple with a nmoving map woul d be nice.
Al phabetically makes the nost sense to ne.
2 nodes: (1) user selected (let me format nmy own menu before/during flight),
(2) al phabetically within region (i.e., select IAP region or state you~re in,
then list al phabetically). LOCI Ds should be user identified during pre-
flight. |If they are, then it is up to each user to order them |If the LCCI Ds
are not identified, machine defaults to direct typing node, there also should
be a nenory. The last LOCIDs entered should stay unless cleared out. One of
the options on any select should be blank: i.e. left for direct entry. see
opposi te.
Have m xed thoughts on al phabetically vs route of flight, but think

al phabetically is best.

QUESTI ON 6 Shoul d one of the LOCI Ds be designated as a default when the nmenu

appear s? Yes No If Yes, which one (e.g. first, last, center,

ot her) ?

ATP

First one, so that the screen can be ~noved up~ to current one if necessary as
the flight rolls along.

Desti nati on.

Recal | to page, LOCIDs should designate station along flight plan to reflect
current position.

Desti nati on.
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GA
Poi nt of destination, hone base
User defined, i.e., hone base, destination, etc.
How about cl osest LOCID to acft position
Those fromthe last flight.

Except for cursor, that should be the center LOCID as you have.

QUESTION 7 If you have made a weat her request for, say LAX, should LAX becone
the default LOCI D whenever you nmake anot her request (regardless of type)?
Pl ease explain. __ YES ~_______NO

ATP

Destinati on shoul d be default so as to provide continuous update of dest WK
Destination should be default.

Default = destination

As a jet crew nmenber, all I'"'mreally worried about is destination WK (nostly).
["I'l watch that as the flight continues. If it |ooks bad then I'll |ook at
others. As arule, | always get ny alternate wx with destination, so maybe

t he di splay should be set up to acquire nultiple WK report at once, then
have all I'minterested in right in front of ne and | don't have to "flip
pages" back and forth. Enroute WK i s checked several times for any changes at
arrival airport.

Yes, that way you can get FT, SA, etc.

GA
| would prefer that the systemdefault back to the destination
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Your typically concerned with WK at one given | ocation. Hence you may want
several products at the sanme | ocation.
VWhen |'mlooking at WK, | will usually pull up a set of FT's (FT LAX, FT BKR

FT

1-18
etc) then a set of SA's (SA LAX, SA BKR, SA etc) instead of pulling up a
series of WK on a specific location.
Sure, chances are if | checked the wx there, | would like to update it. |
really have no preference here.
You m ght be checking your destinations, or your honme, but actually you are
still enroute.
No, may need WK for alternate or in event of energency another |ocation.
Flying is dynamic. | appreciate software progranmng is still a huge
wor kl oad. But flexibility, info and trends are | arger workload for pilot in
much shorter tine.
Whul d maintain continuity and all evi ate anot her cogni zant thought process.
As one flies further on down the route toward destination | suspect the next
enroute WK request will be a different |l ocation. | have no thoughts on what

shoul d be your default LOCID

QUESTION 8 Was the additional information provided by the translation of the
three letter station identifier useful? (e.g., LAX Los Angeles Int'l Ca).

YES NO

ATP

Yes for new guys, No for experienced guys.

I knew that | had the exact airport (although in the test | didn't pay too
much attention).

For pilots who don't know ID.

If working with unfam liar flight plan

If working with an unfam liar airport.
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For airports one is not famliar wth.

1-19
GA
On an unfam liar route, you may not be famliar with a particular LOCI D
Sonme cities have nany airports. You would have to spell out abbreviation
fully, just list the city.
It would be hel pful only to verify that | was |ooking at the right one. How
about giving me the hint before | nmade a sel ection
Acts as backup particularly in direct entry node if by mistake | type LBX
i nstead of LAX, and the decode is "Lebanon county KS" instead of "Los Angel es
CA", that help.
| don't renenber seeing the translation. But, it would be helpful to be able
to deci pher these quickly.
LAX and DCA are well known, however how about MY or C627 Lets get realistic
M ght help alleviate an error, especially with an identifier like 419 (GREEN
CTY), might be construed as 419.
Not sure how useful the information was but it serves as a reminder just in

case the pilot forgets.

QUESTION 9 During the typing node the LOCID was entered; if additiona
characters were entered, the left nost letter dropped out and the last two
shifted left. The entered letter is placed in the right nost position. Is
this accept abl e? Sel ect one and if no, explain. Yes NO

ATP

Some airports (overseas especially) have weird identifiers. KDAY is really the

sane as DAY.
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| would like to see a one letter clear button al so.

It is better to have whol e words.

I -20
GA
In turbul ence, you may accidently strike an extra letter causing the |eft npst
letter to drop off. Then, you would have to retype the LOCI D

The last three entered letters are used as LOCID, that way | don't have to

find/use clear button. | like it.
Vll | didn't notice this, but |I suppose m stakes woul d be conmpounded. I
don't think this is a good practice. You woul d need a clear button or an

erase back arrow

Too conplicated in stressful high workl oad situation

Take into consideration turbul ence and bouncing in the cockpit.

QUESTI ON 10 Was the terminology used (e.g., SEND, CLEAR, etc) acceptable?
SUGGESTED CHANGES:

ATP

Coul d use STATION (instead of LOCI D)

GA

"Enter" m ght nmake nore sense than "send", especially for those used to conputers.
| prefer "station identifier" over LOCID, this is preference only.

QUESTI ON 11 The nessage status indicators: SENT, PROCESSI NG and, AVAI LABLE

appeared after maki ng a weather request.

Was this term nol ogy acceptabl e? YES NO
Was the | ocation acceptabl e? YES NO
ATP

Maybe noving to center of screen so that it is in easier "eyes grasp" of the

f ovea.
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GA
TERM NOLOGY Yes, concise indication of system status.

Yes, good idea, one can see the systemis processing the request-feedback
LOCATI ON

No, when in the "processing” or "wait" node, a reverse background/col or
message shoul d appear in center of screen. Wen data is available, have the
LOCI D fl ash or have fl ashi ng background. Sel ected data not yet sent or
avai | abl e woul d have conti nuous background hi ghlight.

Yes, mght inprove. Using the nunber pad, | |learned that "send" was next to

nunber one.

QUESTI ON 12 VWhat type of annunciation (e.g., flashing light, tone, etc.)
of incom ng nessages woul d you desire in an operational systen?

ATC nessages Weat her nessages

ATC MESSACES:

ATP

Fl ashi ng and tone.

Tone, flashing |light and voice would get my attention

Fl ashing light and tone.

Both flashing light and tone.

Fl ash and tone.

Tone and flashing light on screen.
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Li ght and tone.

Fast flashing light (med bright)

| -22
GA
Tone or voi ce. Pilots are famliar with listening for instructions. In IFR
conditions with lightening, etc. a light may be m ssed.
Tone
Fl ashing light and tone.
A separate renote display unit (RDU) on glare shield in front of pilot should
di splay current non changing information, |ike ATC frequency, ALT cleared to,
and heading required, etc. A flashing |light would be part of this RDUto
alert the pilot of ATC nessage (a sort of "Master Caution").
Usual m crophone voice-nore reliable i medi ate feedback and reassurance.
Fl ashing |ight.
Perhaps a screen flash or a tone that oscillated.
These are fine. The flashing words are not al arm ng
WEATHER MESSAGES:
ATP
Fl ashing light and tone.
Message |ight on screen.
Fl ash.
Both flashing light and tone.
Fl ashing light only.

Li ght only.
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Sl ow flashing |ight (dinred)

GA
Tone or voi ce. Pilots are famliar with listening for instructions. In IFR
conditions with lighting etc. a light nmay be m ssed.

Hi ghl i ght ed nessage on screen stating wx info is avail abl e.

| -23

Light only or nothing, If | request WK I1'|l|l get to it when I have a chance
Underline or a different col or
Aural tone to signify intensity of WK nessage bei ng rel ayed.

They're fine, the flashing words are not al armi ng

QUESTI ON 13 Do you think the use of color on a display of weather and ATC
information is:

___Very hel pful _____Somewhat hel pf ul

___ No preference either way _____Somewhat detrinenta

___ Very detrinenta

ATP

Wth readability on busy screen

Hel ps my mind pick information easier. The Tracor 7900 Onega has a very good
col or displ ay.

Enphasi s.

Oh WK, if valid time is different color it helps isolate data

Less work to assimlate into useful information.

Easi er to read.

No preference, col or expensive
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GA
Somewhat hel pful because it would allow you to | ocate the inportant

information nore quickly in a time crunch

Somewhat hel pful. It helps highlight the inportant information
Very hel pful. Pilots = children; we need col or coding.
Very hel pful. For wx, the categories could be of one color while the data
coul d be
| -24

of another. For that matter, any data needed to be given to pilot could be of
a bright color, nmeant to highlight it fromother information on the screen
Very hel pful. To nmake it easier to read in a cluttered environnment.

Very hel pful. W distinguish color information best (alnost intuitively). Red
means warni ng and green neans safe.

Very hel pful. Havi ng used a pc recently with color, 1've found info that is
presently in intense shades is easily seen and noti ced.

No preference either way except | prefer another col or other than pink

QUESTI ON 14 Were you satisfied with the appearance and operationa
characteristics of the main nmenu? YES NO

ATP

None

GA
Yes, maybe you could reduce the quantity of buttons.
Yes, seens clear and not too busy.

Yes, | have nothing to conmpare it to.
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QUESTI ON 15 Were the character sizes: (check one)

Too small Just right Too large

ATP

Too small, if the flight engi neer (FE) becones involved he/she will have
trouble reading letter size. 1In sone cases the format for wx will be too

cluttered for the FE to pick out inportant information.

-25

71



Wuld like to see a snaller display unit.

GA
Just right, the spaces between lines was too small

Too small, in turbulence reading will be difficult plus this takes tinme away
fromflying the plane and clearing the area.

Too snmall, the size of the letters were a bit too small

| -26
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