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INTRODUCTION

PURPOSE.

The purpose of this effort was to

conduct an operational evaluati £
the Aviation Weather and NOTAM

Systen\(AWANS) in the AtTaita,
Georgiay, Flight Service Station
(FSS). Specifically, the areas of
interest were those aspects of the
system which (1) had a pronounced
impact on the delivery of essen~
tial weather and Notice to Airmen
(NOTAM) information to pilots via
radio or telephone, in terms of time
expended and quality of content, (2)
had a measureable effect on the FSS
specialist with regard to how well
the specialist could use the system
and how well the system responded to
an expressed need, and (3) provided
sufficient indicia of the feasibility
of using an automated system for the
acquisition and dissemination of
aviation weather, flight plan,
NOTAM's and flight assistance
gervices information.

BACKGROUND .

Over the past few years, there has
been a marked increase in the demand
for FSS services. All indications
are that this trend will continue in
the forseeable future. It was quite
apparent to the Federal Aviation
Administration (FAA) that the appli-
cation of contemporary technology to
the problem was required if the
increased demand was to be met at
reasonable cost. A decision was
made to conceive, design, procure,
install, and evaluate an automated
FSS system. To that end, in mid-
1972, a contract was let to E-Systems
Inc. of Garland, Texas, for the
production of such a system. Sub-
sequent actiom resulted in the

installation of the system in the
Atlanta, Georgia, FS8S, located at
Charlie Brown County Airport,
Atlanta, Georgia. National Aviation
Facilities Experimental Center
(NAFEC) was assigned the task of
conducting a comprehensive opera-
tional test and evaluation of the
system to determine the effectiveness
of the concepts embodied in the
original design and to make recom~-
mendations for modifications if
required.

DISCUSSION

In general, the introduction of
automation into any function which
previously encompassed only manual
activity is bound to have a profound
effect on operational philosophy and
personnel. This was no less true in
the case of AWANS. Consequently, it
became the responsibility of NAFEC to
devise a test plan which would
address (1) the impact of an auto-
mated system on the FSS specialist,
(2) the operational efficacy of the
system being scrutinized, and (3)
the interaction between the newly
installed system and components of
the existing system.

AWANS DATA COLLECTION PLAN.

The AWANS software package provided
for the collection of data concerning
areas of administrative concern.
This capability was insufficient to
fulfill the needs of a strenuous test
and evaluation (T&E) effort.
Therefore, NAFEC devised a data
collection package designed to
satisfy those concerns of interest
incident to T&E activity. It was not
possible to economically effect an
automated data collection system
which would have mandated extensive

1




AWANS software modification.
Described below in brief is a sketch
of the NAFEC manual data collection
scheme.

Three types of data were collected:
(1) objective measures, (2) subjec-
tive measures, and (3) environmental
measures. The bulk of objective
measures were collected on the
preflight briefing positioms. Some
of these measures were; time spent
on the briefing, number of pages
accessed per briefing, and class of
data called-up (flight plan format,
weather text, maps or radar, and/or
other printed reference material).
These data were categorized by
console configuration, group display
status, type of flight plan, type
of transaction (weather briefing
only, flight plan filing only, and
weather briefing and flight plan
filing combined), and local weather
conditions. This classification,
along with counts of the transactions
falling in the classes, provided a
valuable statistical profile of the
AWANS operation. Task analyses
(timing and task count) were per-
formed on the in-flight briefing
position and the system data coor-
dinator position. Hourly system
communications loadings were deter-
mined for a period of a week. The
time delay between the keying
of a function and the first appear-
ance on the display, and the page-
writing times, were measured for 15
different system functions.

The subjective measures were in the
form of three Specialist Opinion
Surveys (SOS I, II, and III) and a
System Improvement Report (SIR). SOS
I treated general aspects of AWANS;
whereas, S0S II treated specific
aspects of the operation and design.
Both were administered during August,
October, and December 1975 and July
1976. SOS III solicited specialist
preferences for 21 possible console

and group display configurations.
The SIR was a mostly blank sheet
on which suggestions could be
submitted.

Environmental factors including
lighting levels, noise levels,
subtended visual angles of the
displays were measured. A photogra-
phic survey of the AWANS equipment,
consoles, and workspace arrangement
was conducted.

The wide range of measures taken
permitted a detailed characterization
of the operation of AWANS, indicated
what the specialists think about it,
and pointed the way to improvements
for follow-on systems.

SYSTEM POSITIONAL AND HARDWARE

DESCRIPTION.

The AWANS equipment consisted of
three basic subsystems; the central
computer complex, the local display
subsystem, and the remote display
subsystem. The system was interfaced
with five data sources and was under
the control of the central computer
complex. The five data sources were:
(1) the Weather Message Switching
Center (WMSC) located at Kansas City,
Missouri, to provide Service-A
weather data, (2) the Automated
Service-B Distribution System
(A-BIS) network (via an Aeronautical
Fixed Telecommunications Network
(AFIN) interface) for transmission
and receipt of Service-B flight-
oriented data, (3) the National
Weather Service (NWS) WBRR-68 slow-
scan radar remoting system to provide
weather radar displays, (4) the NWS
digital facsimile network for display
of NWS-generated weather maps and,
(5) a graphics tablet for generating
graphic displays within the local
AWANS facility.

The initial installation of the
central computer complex consisted s




two Tempo II general purpose mini-
computers, each with 64K words of
16~bit core memory. Additionally
there was an ASR 33 console teletype
for each processor, a medium-speed
line printer, a card reader, and two
magnetic tape units. One processor
was dedicated to communications tasks
with external lines, while the other
was tasked with data manipulation and
request processing. Each processor
operated independently, but communi-
cation was through computer inter-
faces using direct memory access.
Associated with the processors
were synchronous modem multiplexers,
an asynchronous modem controller,
graphics and alphanumeric drivers,
video generators, refresh memories,
an automatic dialing unit for
remote weather (WX) radar, and disk
controllers. Six dual recording
disks were installed with the system.
A third processor with 8K words of
core memory was installed at the NWS
office at Atlanta Hartsfield Airport
to store and display graphic products
forwarded from the Atlanta FSS.

The Atlanta FSS display system
consisted of all specialists posi-
tions with associated keyboards,
cathode-ray tube (CRT) displays, and
two groups of five each 23-inch CRT
displays which were considered common
displays for everyone's viewing.

The remote system consisted of all
other operator terminals functioning
via polled dedicated telephone cir-
cuits connected to the host computer
at the Atlanta FSS. Initially, the
intended locations for these equip-
ments were the following: (1) FAA
Washington, D.C.; (2)

Headquarters,
the Atlanta NWS Forecast Office; (3)

Macon, Georgia, FSS; and, (4) a
fixed-base operator (FBO) at the
Atlanta Hartsfield Airport. The
terminal destined for the fixed-base
operator was not installed, and
further changes were made to both

the local and remote display
configurations. Table 1 depicts the
initial installation and the current
installation.

Since the advent of the initial
system configuration, several major
system changes have evolved, includ-
ing the elimination of the remote
graphics processor for NWS and the
procurement of a third processor for
system redundancy, training, and
offline processing of statistical
reports, Installed with the third
processor was a disk controller and
two additional disk units. Another
change was the replacement of the
"Printec" impact printers supplied in
the initial system with "Scope Data'
electrostatic printers for noise
reduction and reduced maintenance.
These subsystems, together with the
control computer complex, comstituted
the Atlanta FSS AWANS,

A layout of the operational positions
within the Alanta FSS is shown
in figure 1.

OPERATIONAL AND FUNCTIONAL

DESCRIPTION.

Automation of the FSS function is the
primary purpose of AWANS, To that
end AWANS automated four primary
operational functions: (1) the
storage and retrieval of weather data
(2) the storage and display of
graphic weather information, (3) the
handling of flight data and, (4) the
support of routine, miscellaneous
administrative tasks normally per-
formed in an FSS.

The AWANS weather data base is
received from WMSC via a 2,400-baud
synchronous digital communications
line. The weather data supplied to
the AWANS system consisted of all
weather reports from the continental
United States plus selected reports
from Canada, Mexico, Puerto Rico, the




TABLE 1. INITAL AND CURRENT INSTALLATION

SYSTEM CONFIGURATION
Initial Installation At Atlanta F§S

16 positions of operation: A
2 single positions (alphanumerics (A/N) only) 3
1 dual position (1 A/N + 1 graphics) ) i
2 shared positions (2 A/N + 1 graphics)
11 single positions (A/N + graphics cowbined)

11 23-inch group CRT monitors (graphics onmly)

Initial Installation At Macon, Georgia, FSS

3 single positions (A/N omly)

Current Installation At Atlanta FSS

16 positions of operations (same as initial installation)

16 23-inch group CRT mounitors (14 graphics only + 2 coincident with
training terminal)

Current Installation At Macon FSS

4 single positions (A/N only)

T

OPERATIONAL POSITION DISTRIBUTION

3 Initial Installation

Terminal 3
K 8 Preflight
1 Assistant Chief
2 System Data Coordinator (SDC)
2 In~flight
1 Enroute Flight Advisory Service (EFAS)
-1 Training
1 Face-to-Face Briefing

Group Displays

1 10 Preflight (2 sets of 5 each)
K 1 In-flight .
H
§ Current Installation
q L ]
_ Terminal
v,' 8 Preflight
1 Assistant Chief
‘ 2 System Data Coordinator (SDC)
* 1 SDC, fast-file and general duties
; 1 In-flight
; 1 Enroute Flight Advisory Service
1 Training .
i 1 Face-to-Face Briefing
3 1 DSS/AF Staff (Remote-Type Terwminal)
3 Group Displays l
10 Preflight (2 sets of 5 each) 4
1 In-£light T
3 EFAS

(
2
r
:
l
!

2 Training
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Caribbean and the Bahamas. The
system was designed to automatically
file the weather data based on
location and report type. Weather
reports which were garbled or could
not be handled by the automated
system were sent to the System Data
Coodinator position for identifica-
tion and handling. The types of
weather reports and flight-related
information handled were the
following:

1. Severe Weather Outlook Narrative
(AC)

2. Flight Advisories—SIGMET and
AIRMET (WS, WA)

3. Hurricane Advisory (WH)
4, Aviation Area Forecasts (FA)

5. Winds and Temperatures Aloft
Forecast (FD1, FD2, FD3)

6. Aviation Terminal Forecasts (FT)
7. Hourly Aviation Weather (SA)
8. Radar Weather Reports (SD)

9. Supplementary Aviation Weather
(sw)

10. Notices to Airmen (NOTAM/D,
NOTAM/L, or National Flight Data
Center (NFDC))

11. Central Flow Control Advisories

12. Transcribed Weather Broadcast
Synopsis

13. Service Weather Forecasts,
Bulletins, and Status Reports
(ww)

14, Pilot Weather Reports (UA)

The WMSC interface is also used to
enter reports including hourly

aviation weather observations,
special aviation weather reports,
pilot weather reports (PIREP's)
and NOTAM's into the WMSC data
base.

Information retrieval by a specialist
was obtained by entering a single
point, several points, a state or a
route between two or more points.
The points on a route could be
identified by a three-character
location identifier, longitude/
latitude, a Victor or Jet airway and
an intersection, or a fixed very high
frequency omnirange (VOR) radial/
distance. However, any point speci-
fied had to be part of the standard
predefined structure, or no weather
could be retrieved. The system
had considerable flexibility in the
methods by which information could be
retrieved. For instance, any of the
major report types could be requested
in any order by the specialist. The
amount of weather data display could
be varied incrementally about a
single point or series of points up
to 127 nautical miles (nmi). Along a
route, weather could be requested in
zones of 10, 25, or 50 nmi along
either side of the route. The
specialist could specify the type,
amount, and order of presentation of
data. The system would detect an
entry containing an incorrect route
or location identifier and would not
provide retrieval of any weather for
that entry. For these isolated
instances, the specialist was
required to correct the error or use
an alternative method to identify the
route. Virtually all weather data
were displayed in the direction
of the route from beginning to end.
This was particularly beneficial for
extended briefings to locations for
which a specialist was not entirely
familiar., This feature considerably
reduced the geographical knowledge
normally required in long-distance
briefings. :
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The speed of retrieval, which will be
covered in detail, for the local
AWANS terminals was very rapid and
allowed a specialist access to
weather at rates much faster than
that which one normally reads. The
speed of the data line and the
automated storage of weather provided
the specialist with rapid access
to the most current weather informa-
tion available.

The automated filing of weather
reports eliminated the requirement to
collect, post, and distribute weather
information from teletype and fac-
simile sources. This had a twofold
impact on operations. First, a
specialist had additional time to
provide basic services rather than
manipulating paper, and secondly, the
specialist responds to requests from
pilots or scans the weather data base
when not occupied to become familiar
with changes in the situation.

AWANS had three sources of graphic
weather information: (1) A 4,800-baud
dedicated circuit over which digi-
tized charts were transmitted from
the National Meteorological Center
(NMC) located in Suitland, Maryland,
(2) the NWS weather radar remoting
system (WBRR-68) via a dedicated line
to the Athens, Georgia, NWS office or
via a.dial-up capability to a number
of NWS offices throughout the coun-
try, and (3) graphic entry by means
of a digital graphics tablet upon
which weather maps were traced by
Atlanta FSS personnel and stored
in the system. To facilitate ease of
entry, two background maps were
semipermanently stored and did not
have to be retraced each time a new
map was generated.

System capacity allowed for storage
of 13 NWS digitized graphics, 10

locally generated graphics, and 5
radar images. Access to the graphics
products could be accomplished
from any position keyboard by depres-
sing either of two keys, MAPS or
RADAR, and an identification
number.

The AWANS system was interfaced to
the Service-B Data Interchange
System (BDIS) via a 750-baud, full-
duplex circuit, Subsequently, an
interface to the A-BDIS in Kansas
City, Missouri, through the AFTN was
installed. This iaterface allowed
the handling of Service-B traffic
which generally consisted of flight
movement and control messages. These
duties were performed at the flight
data or in AWANS terminology, the SDC
position.

Functions performed at the SDC
position included: (1) handling of
Service-B traffic, (2) handling of
Service-A traffic which had to be
manually manipulated, (3) coordina-
tion with military base operations in
the area for flight plans and move-
ment messages, and (4) responsibility
for initiation of search and rescue
procedures for overdue aircraftc.
This position was generally consi-
dered to be the most difficult to
learn in the facility in terms
of computer operation. The special-
ist at this position had to follow a
complex set of procedures to handle
a wide variety of circumstances
which might be encountered. A
more detailed operational discussion
relating to the SDC position and the
associated Service-B workload is
contained in a subsequent section of
this report.

The final major component of the
AWANS system was an administrative,

Jesien:




support and monitor function. Within
the administrative classification
were statistical reports generated by
the system which provided activity
listings by individual position,
class of positions, facility, or by
the entire system. The report inclu-
ded the number of flight plans
entered by type and the number
of pilot weather briefings performed.
Additionally, a historical record
was kept of weather information
received and items requested from
each terminal. This report was
entitled "Event Reconstruction.”
Together with recorded voice tapes of
specialist~to-pilot transactions,
this report was used as a training
aid to enhance specialist operation,
procedures, and techniques. In
addition, the data elicited therefrom
could supply needed information in
case of an aircraft mishap.

Support functions included the
capability to cause selected graphics
to be shown on group displays (23-
inch CRT monitors). Additionally,
there was a capability of selecting
dialable radar sites for the display
of weather information and the means
to vary the timing interval at which
the images were updated. The system
allowed the assistant chief wide
latitude to reconfigure position
activities or to disable a position
entirely. The system alerted
the assistant chief whenever a match
was made between an aircraft entered
into the system and the identifica-
tion of other aircraft on an intern-
ally stored list. This capability
could be used for discovering overdue
aircraft or for notification of
contact with stolen aircraft.

The system could be automatically
searched for an aircraft identifica-
tion in the case of an incident or
accident. However, there were cer-

tain restrictions on this capability.
The search had to be conducted
offline, and if the event was recent,
the current record of activity had to
be removed and replaced. Addition-
ally, the transaction must have
involved either the entry of an
aircraft identification in specified
Service~-B formats or the filing of a
flight plar. The action of pilot
weather briefing alone would not
cause a match within the system. To
the extent possible the system was
designed to eliminate manual
recordkeeping.

The AWANS operating system automa-
tically monitored the status of
display and communication lines and
several internal states including
buffer, disk and processor status.
Whenever a significant change
occurred, a message was displayed to
either the assistant chief or the
data systems specialist on duty.
Furthermore, many system messages
were displayed to the operational
specialists to prompt them in the
entry of flight plans or requests for
weather data.

The route and airway structure of the
continental United States was con-
tained in the data base of the system
together with the locations of
weather stations and types of reports
available from these reporting
stations. Although not specifically
an operational feature, this data
base had a significant operational
impact on flight plan filing. All
routes and location identifiers
were checked against the data base to
locate the appropriate weather
reporting locations. This in effect
validated the route. Monthly updates
were received in the form of digital
tape and entered into the system at
designated intervals.
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AWANS DATA COLLECTION PROGRAM.

The data collection program was
directed toward quantifying the
performance of the AWANS so that the
effect of any changes tu the system
could be measured. Data collection
started in August 1975 and continued
until September 1976. By March 1976
the operation of the system had
stabilized and it was, for most
part, operating as was intended.

Three types of data were collected:

A. Objective Measures

1. Preflight Briefing Positions
(Counts, Time, and Number of Pages)

2. In-flight Briefing Positions
(Subtask timing and counts)

3. System Data Coordinator
Position (Subtask timing and counts)

B. Subjective Measures
1. Specialist Opinion Surveys
a. Part I. General Items

/ b. Part II. Specific Items
c. Part III. Display
Configurations

2. Modified Products Survey
(Evaluation of improved content and
formats)

3. Structured Interviews

C. Environmental Measures

1. Lighting Levels

2. Subtended Visual Angle of
the CRT Displays

3. Noise Levels

A large volume of data was collected
manually; key punched, and summarized
by computer. Statistical reports on
the preflight position data and
the specialist opinion surveys were
generated, Periodically, during the
data collection period, these reports
were collated and sent to the Systems
Research and Development Service
(SRDS). A total of eight data

reports comprising some 2,500 pages
was submitted by NAFEC. This infor-
mation remains on file at NAFEC for
perusal by interested parties. The
data presented in this report repre-
sent a small portion of the total
collected. Although a work statement
was prepared to define the detailed
requirements for an automated data
collection, reduction, and analysis
system, funding limitations precluded
its development, and all data were
collected manually. The existing
AWANS activity recording tapes and
event reconstruction and statistics
reporting programs could not be
adapted to our data collection
requirements.

OBJECTIVE MEASURES. The bulk of

objective measures was collected on
the preflight briefing positions.
The amount of time spent and the
number of pages accessed were mea-
sured for the individual types of
material accessed during the briefing
(flight plan format, weather text,
maps or radar, and other printed
reference material), and for the
transaction as a whole; i.e., from
the initiation of contact with the
pilot to the termination of contact.
These data were further categorized
by console configuration, group CRT
monitor status, type of flight plan,
type of transaction (weather briefing
only, flight plan filing only, and
combined flight plan filing and
weather briefing) and local weather
conditions. This classification
along with counts of the trans=-
action according to types of material
accessed provide a valuable statis-
tical profile of the AWANS operation,
Task analyses (timing and task count)
were performed on the in-flight
briefing position and system data
coordinator position., Hourly system

communications loadings were deter-
mined for a period of a week.

The




system response times, that is, the
time delay between the keying of a
function and the first appearance of
alphanumerics or graphics on the CRT,
were measured for 15 different system
functions, The times required
to write a typical page of data were
also measured.

SUBJECTIVE MEASURES. The subjective
measures were in the form of three
specialist opinion surveys (S0S 1I,
II, and III) and a system improvement
report (SIR). SOS I treated general
aspects of AWANS, whereas S0S II
treated specific aspects of the
system operation and design. Both
were administered August 1975,
October 1975, December 1975, and July
1976. SOS III solicited specialist
preferences for 21 possible console
and group display configurations.
The SIR was a form on which sugges-
tions could be submitted.

ENVIRONMENTAL MEASURES. Environmen-
tal factors including lighting
levels, noise levels, and subtended
visual angles of the CRT displays
were measured. A photographic survey
of the AWANS equipment, consoles, and
workspace arrangement was conducted.

The wide range of measures were taken
in order to: (1) permit a detailed
characterization of the operation of
AWANS, (2) indicate what the special-
ists think about it, and (3) point
the way to improvements for follow-on
systems,

ADVANTAGES OF AN AUTOMATED MONITORING

AND DATA COLLECTION SYSTEM.

All of the objective data collected
at the specialists' positions
involved an observer sitting near the
position. The mechanics of the data
collection required operation of a
calculator/timer and marking of a

10

data form. The observer also lis-
tened to the transaction by means of
a headset. The specialist was aware
that his actions were being moni-
tored, timed, and recorded. This
awareness may have altered his usual
style of providing flight services.
He may have "gone by the book" more
than he normally would. With the
passage of time, however, it is
likely that the specialists became
habituated to the presence of the
observer and that their behavior then
reverted to their usual mode of
operation. It was impossible to
determine the effect this "over-the-
shoulder" observation method had on
the specialists' performance.

The use of a computer-based monitor-
ing and data collection system would
eliminate this perturbing effect.
Use of such an automated system would
also make data available on all the
specialists 24 hours a day, 7 days a
week, and 52 weeks a year a practica-
ble undertaking. Changes in the
operation of the system due to time
of day, day of the week, and season
could be easily determined. As
mentioned earlier, a work statement
for such an automated system was
prepared and is on file at NAFEC. A
paramount deficiency with the exist-
ing automated AWANS data collection
system is the inadequate operational
definition of the end of a
transaction.

RESULTS

PREFLIGHT TELEPHONE TRANSACTIONS.
{How long did it take to file a
flight plan, give a weather briefing,
or _do both?)

Table 2 shows transaction counts and
transaction times by month, local
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weather condition, and type
transaction. Standard errors for the
transaction times, mean number of
pages per transaction, time per page,
and percentages relative to several
bases have been computed and are on
file at NAFEC.

The data in table 2 illustrate the
variation in transaction times. The
number of MVFR transactions in August
is somewhat misleading. Actually,
the weather was generally good;
however, morning fog reduced the
minimums so that during the early
morning hours the local weather
conditions had to be classified
MVFR. Also, the times for filing
flight plans were handled somewhat
differently in the August data
collection period; i.e., for transac-
tions in which multiple flight
plans were filed, each flight plan
filing was treated as a separate
transaction. It was thought that
this would have a minimal effect
on the data; however, it did produce
a noticeable decrease in the mean
flight plan times. The number of
counts in table 2 range from a
minimum of 3 to a maximum of 282.
The greater the count number is, the
more representative the transaction
time is.

Table 3 shows the same preflight
position data as in table 2 except
times are averaged over the three
transaction types. This provides
data on the overall time per call or
time per transaction without regard
to what kind of transaction occurred.
The times range from a minimum of
2.84 minutes for MVFR local weather
in August to a maximum of 4.27
minutes for MVFR weather in May.
The two considerations mentioned in
the above paragraph regarding the
August weather and data collection
method may be partially responsible

12

for the lower value for tramsaction
time in August.

Table 4 shows the same data as
in table 2, except the data are
averaged over the three local weather
conditions. In this table, the times
range from a minimum of 1.87 minutes
for flight plan filing in August to a
maximum of 5.92 minutes for combined
transactions in May. Times for the
flight plan filings and combined
transactions are lower for the August
data. This is probably due to the
different treatment of the multiple
flight plan transactions and not due
to any significant change in the
transaction times themselves. The
rightmost three columns showing
percent frequency of occurrence
of the transaction types support
this., Percentages for March and May
are consistent, whereas the number of
transactions involving flight plans
are greater for August.

Table 5 shows the same data as in
table 2 except averaged over the
three types of transactions and the
three local weather conditions.
Variation in transaction time over
the 3 months does not indicate a
progressive decrease, as might be
expected if briefing times decreased
with experience. The shorter
time for August was explained in the
above paragraphs. Thus, no learning
effect can be demonstrated with these
data.

Table 6 shows the same data as in
table 2 except averaged over the 3
months of data collection. In the
three-by-three type transaction by
local weather condition table, the
minimum time is 2.10 minutes for
flight plans filed under the MVFR
condition, and the maximum time is
5.15 minutes for combined trans-
actions filed under MVFR local

BT
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TABLE 3. PREFLIGHT POSITION TELEPHONE TRANSACTION COUNTS AND MEAN
TIME PER CALL BY MONTH AND BY LOCAL WEATHER

Local Weather

Conditions VFR MVFR IFR ‘
) ; 1976 i
. March Count 214 205 103 |
a Time Per Call 3,01 3.43 3.61
Ma Count 167 59 88 1
: y Time Per Call 3.79 4,27 2.88
August Count 425 433 51
g Time Per Call 3.00 2,84 3.56
(Time is in decimal minutes)

TABLE 4. PREFLIGHT POSITION TELEPHONE TRANSACTION COUNTS AND MEAN TIME
PER CALL BY MONTH AND BY TYPE TRANSACTION; FREQUENCY OF
OCCURRENCE IN PERCENTAGE IS ALSO SHOWN

Percent Frequency

g of Occurrence
Type of
Transaction FP FP & WX WX FP FP & WX WX
1976
Count 37 135 350
March  pioo Per Call  2.79 s.23 2.0 !t 25.9 67.0
Count 25 7% 215
M8y  pige Per Call  2.66 s.92 2.9 80 23.6 68.5
Count 119 249 541
August 1o Per Call  1.87 4.45 . 2.51 131 27.4 59.5

(Time is in decimal minutes)

13
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TABLE 5.

1976
March

May

August

Across
Months

(Time is in decimal minutes)

PREFLIGHT POSITION TELEPHONE TRANSACTION COUNTS AND MEAN TIME PER
CALL BY MONTH AND PERCENT OCCURRENCE OF LOCAL WEATHER CONDITIONS

Count
Mean Time

Count
Mean Time

Count

Mean Time

Count
Mean Time

522
3.29

314
3.62

909
2.95

1,745

3.17

Percentage of Local Weather

53.2

46.8

MVER pi
39.3 19.7
18.8 28.0
47.6 5.6

PREFLIGHT POSITION TELEPHONE TRANSACTION COUNTS AND MEAN TIME
PER CALL BY LOCAL WEATHER CONDITION AND BY TYPE TRANSACTION

TABLE 6.
Local Type of
Weather Transaction

Count

VFR Mean Time
Count

MVFR Mean Time
Count

IFR Mean Time
Down Count

Colums Mean Time

(Time is in decimal minutes)

113
2.20

55
2.10

13
2.18

181
2.17

FP & wWx*

241
4.73

161
5.15

56
5.09

4.92

Across
Rows

806
3.17

697
3.13

242
3.33

1,745
3.17

* Note that the sum of FP & WX on a given row approximates
the time for a combined FP and WX

14
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weather conditions. The rightmost
column shows the values for all
transactions under the three local
weather conditions. There is no
significant variation among these
times. The bottommost row shows
the average values for the three
transaction types over all the other
variables. These three averages
represent the best estimates of the
transaction times for. specialists
using the AWANS: 2.2 minutes for
flight plan filing, 4.9 minutes
for combined flight plan filing and
weather briefing, and 2.6 minutes
for weather briefing only.

Table 7 shows the overall summary
statistics for the preflight tele-
phone transactions by type of trans-
action and for all transactions
combined measured during the months
of March, May, and August 1976. The
first two columns show total trans-
action counts and mean transaction
times. The third column of data
shows the standard error of the mean
for transaction time. Plus or minus
two times the standard error defines
the 95-percent confidence interval
about the mean value, Specifically,
this means that if another 458
combined transactions were measured,
the mean calculated from this new set
of data would fall within plus or
minus 0,24 minutes of 4.92 minutes 95
percent of the time, and only
5 percent of the time would the mean
would fall outside this range due to
purely random variations in the data,
It is reasonable, therefore, to state
with confidence that the true
value of the time required for a
combined flight plan filing and
weather briefing lies within the
range from 4.68 to 5.16 minutes.

The range for flight plan filing is

1.93 to 2.4]1 minutes. The range
for weather briefings is 2.52 to 2.72

e ——————— -

minutes. The range for all trans-
action types combined is 3.08 to 3,28
minutes. However, randomness depends
upon the action of a large number of
factors which in themselves may not
be random. Due to our method of data
collection, it was possible to
categorize the data into classes
depending upon the contents of the
transaction; i.e., the types of
data accessed. This factor, called
“complexity," is responsible for a
congiderable amount of the variation
in number of pages accessed and
transaction time. This factor is
treated in the discussion of the next
table. The remaining variables
shown in table 7 are, from left to
right: total number of pages, mean
number of pages per transaction
(either accessed on the CRT or
printed reference material), standard
error of the mean number of pages per
transaction, the total time spent on
all transactions, and the mean time
per page.

The 3 months of data collection
represents 5,542.61 minutes or 92.4
hours of collected data on 1,745
preflight telephone transactions,
Dividing the former by the latter
yields an overall mean transaction
time of 3.17 minutes. There are two
other observations which are of
interest in table 7. With AWANS,
the transaction time for flight plan
(FP) only operations is now smaller
with AWANS than the WX only trans-
action; i.e., 2.17 vs. 2,62, 1In the
staffing standard the normalized
weighting factors are 1,95 vs. 4.54,
respectively, for a manual operations
environment. The indication here is
that the FP transaction labor inten-
sity is considerably reduced with
automation.

The other observation in table 7 is
that the FP + WX transaction times

15
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are essentially equal to the sum of
the mean transaction times for FP and
WX only. Apparently the WX trans-
action time does not depend on
whether or not a FP is included in
the transaction; i.e., the WX part of
mixed transactions is the same as WX
only transactions.

THE RELATIONSHIP BETWEEN TRANSACTION

COMPLEXITY AND DURATION.

The trangsactions were subdivided by
the times taken for the different
types of material given. Four
categories were used: weather text
accessed via CRT (WX), flight plan
format accessed via CRT (FP), maps or
radar accessed via CRT (GR), and
references to other printed reference
material (OR). The greater the
number of types of material refer~
enced, the more complex the trans~
action could be considered.

Table 8 presents a compilation of the
data on transaction complexity.
There are 15 possible combinations of
the four categories of transaction
contents. These combinations are
listed in the third column from the
left in the order of frequency of
occurrence, the first being the most
frequent. The leftmost column shows
rank by frequency of occurrence. The
second colum: from the left shows
mean transaction time. The minimum
time was 1.86 minutes for trans-~
actions in which only OR was
accessed. The maximum time was 7.04
minutes for transactions in which all
four categories; FP, WX, GR, and OR,
were accessed. The fourth columm
shows the percent frequency with
which a particular combination of
reference material occurred across
all the transactions monitored,
Reference to weather text, WX was
by far the most frequent occurrence.

—

The fifth column shows cumulative
totals of the percent frequency shown
in the fourth column. The sixth
column shows percentage of time spent
in a given transaction content
category and the rightmost column
shows the cumulative total of the
time percentages. Actual numbers of
transactions and total time appear
below table 8. Using these values
multiplied by their respective
percentages (in columns 4 and 6), the
actual number of transactions and
times can be computed.

The information in table 8 is valu-
able for determining the kinds and
amount of information used by the
specialist for preflight telephone
briefings. It can be used to make a
decision as to whether certain
categories of printed reference
material should be made available on
the CRT and so forth. In summary, WX
was accessed in 87.6 percent of the
transactions, FP was accessed
in 36.7 percent, GR was accessed in
20 percent, and OR was accessed in

"12.7 percent of the transactions.

EFFECT OF CRT MONITOR STATUS, CONSOLE

CONFIGURATION, OR LOCAL WEATHER

CONDITIONS ON TRANSACTION TIMES.

Several varied information~producing
equipment configurations were avail-
able to the preflight briefers. This
section addresses the effects of
the different <configurations.
Specifically, three independent
variables are discussed; i.e.,

1. The status of the five 23-~inch
graphics displaying CRT monitors (on
or off).

2. a. The individual CRT at the
briefer's position displaying gra-
phics and textual data.
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b. The dual CRT at the brie-
fer's position displaying graphics on
one CRT and textual data on the
other.

¢c. The shared CRT which served
a briefer seated on either side and
provided graphics only while textual
data were provided on individual
CRT's.

3. Local weather conditions.

The intent was to determine how such
variables impacted the amount of
time expended and the number of pages
of data accessed for a transaction.
A balanced factorial data collection
protocol was executed in August
1976. Data on 909 transactions were
collected.

Analyses of variance were performed
to test for the effects of the
three independent variables. A total
of 24 analyses of variance were
performed. Only one analysis satis-
fied the statistical and relational
criteria. This analysis showed that
when the group CRT monitors were
turned off, there was an appreciable
increase in the amount of time and
number of pages of data accessed in
order to complete a combined WX/FP
transaction. The results are shown
in table 9.

TABLE 9.
COMBINED WX/FP BRIEFINGS

There is a causal relationship
between the number of pages accessed
and the time required to give a
briefing. It would be expected that
if the specialist could not obtain
the graphical information required
from the group CRT monitors, that
they would access that information
via their console displays. It
is obvious from the greater number of
pages accessed and the longer brief-
ing time in the "monitors off"
condition that this is what they, in
fact, did.

There were two variables that demon-
strated the effect of group CRT
monitor status more than transaction
time or number of pages accessed.
The two variables, i.e., percent of
transactions during which graphics
were accessed and percent of trans-
action time spent on graphics, are
plotted in figure 2. The percentages
are plotted versus the number of
CRT's at the three different comsole
configurations. Two facts are
obvious in looking at the graph:
the percentages are lower when the
CRT monitors are on, and there is a
decrease in the difference between
the on and off conditions as the
number of CRT's at the position
increases. This latter observation
led to the speculation that if there
were enough CRT's at the specialists

THE EFFECT OF GROUP CRT MONITOR STATUS ON TIME AND PAGE COUNT FOR

Monitor Status
Off On Diff.

Signif.
Time (Min) 4.7 4.1 0.6 .05

Page Count 8.3 7.6 0.7 .10
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position, there would be no differ-
ence in these two variables due to
turning the group CRT monitors
on or off; i.e., give the specialist
enough displays at the console
position and there would be no need
for group displays. What should this
number of CRT's at the position be?
Figure 3 shows the differences
(monitors off minus monitors on) for
both the variables. Regression lines
were fitted through the three points.
The regression lines converge in the
vicinity of three CRT's. This means
that if each specialist had three
CRT's at his position, he would
have no need of more distant group
CRT monitors.

The best arrangement of three CRT's
would seem to be to use one of them
for textual material only, one for
textual material or graphics, and one
for graphics only. This would make
possible using one CRT to display
weather text, using the second for
flight plan data, and using the third
for a weather map. Alternatively, one
CRT might be used for weather text,
while the other two were being used
for displaying graphics.

The results obtained above are
dependent on the particular operating
system in use on the AWANS., A data
display system that was optimized for
ease of access to either graphical or
textual data, with the ability to
return to a particular point in
weather text display or in flight
plan format after having accessed
a map or radar, might show that the
need for group CRT monitors is
eliminated with only two CRT's at the
display.

IN-FLIGHT POSITION TASK ANALYSIS.

Table 10 shows times and action
counts taken on the in-flight posi-

21

tion over a total time period of
709.33 minutes. Within this inter-
val, the specialist was busy for
a total of 312,72 minutes and was
thus occupied 44.1 percent of the
time, During this period, the
specialist activated 33 flight plans
at 1.56 minutes mean duration, gave
30 weather briefings at 1.85 minutes
mean duration, and filed 14 flight
plans at 2.97 minutes mean durationm.
Seventy-six of his actions fell in
the "Other" category and accounted
for 12.8 percent of the total
observed time. The activity requir-
ing the longest time on the average
was that of "Broadcast." There were
13 of these actions, with a mean
duration of 3.24 minutes.

SYSTEM DATA COORDINATOR TASK
ANALYSIS. (Special attention is paid

to this function since it is new and
peculiar to AWANS.)

The system data coordinator (SDC)
position within the AWANS system
consists of two positions, each with
a single alphanumeric terminal. The
operational responsibilities of this
position include actions within the
following areas: handling of
Service-B flight-related messages,
response to time-alerted messages,
handling of erroneous and outdated
weather-related Service-A reports,
coordination with military base
operations, and origination of
messages on overdue aircraft.

To provide data on the amount of work
performed at the SDC position and
the time required, the position
operation was monitored using a
digital timer. From these observa-
tions, tallies were made of the
number of Service-B messages
received., Additionally, the number
of actions initiated by a specialist,
i.e., actions in response to messages
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timed out, actions in response to a
call from military base operationms,
or actions in response to pilot
inquiry, are included under Flight
Information Handling.

The types of activities for Service-B
and Flight Information are closely
related. Actions in response to the
Service-A queue are defined as well
as use of the flight plan entry
format and general message format for
position-to-position and other
messages. Sampling was done on a
single position during the period
0700 to 1700 local time from July 19
to July 23, 1976. Moderately active
traffic was encountered during this
period.

The system data coordinator is a new
function not required in a manually
operated FSS. It is a position
critical to the success of the
automated operation. For this reason
considerable time was spent in
analyzing the tasks and subtasks of
this position. Although the 773.5
minutes of observation time 1is
considerably less that the 5,542.6
minutes spent on the preflight
position, the data have been sepa-
rated into categories which pro-
vide much information on the function
of this position. A total of six
tables delineate the results.

Table 11 shows the data categorized
by five types of information, as
listed in the leftmost column. The
data in table 11 represent a summary
of the contents of tables 12 through
15. Inbound Service-B messages are
the most frequent events and also
occupy the largest amount of time,
During the period of observation, the
system data coordinator was busy for
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76.4 percent of the time accounting
for 580 operations at 1.02 minutes
mean duration. There were 22 flight
plan operations at 2.40 minutes mean
duration.

Table 12 shows a further breakdown of
the action counts for the inbound
Service-B operations as listed in
table 11. The most frequent actions
across both civil and military
messages were in order: Cancel,
Handwriting, Mapping, Search Lists,
Transmit Service-B Messages, and
Other.

Table 13 shows the analysis of the
actions involved in the 119 flight
information requests for both civil
and military pilots. The most
frequent flight information request
action was Search Lists, followed by
Telephone, Handwriting, References,
Transmit Service-B Message, and
Cancel.

Table 14 shows the analysis of
actions involved in the 159 Inbound
Service-A messages. The messages are
divided into two classes, weather and
NOTAM. Of the 159 messages, 109
required no action, 23 required
removal from, and 21 required inser-
tion into the system. A typical
weather action required 0.20 minutes,
whereas a typical NOTAM action
required 0,53 minutes.

Table 15 separates the flight plan
actions into four different types of
flight plans. During the time of
operation there were 19 military and
3 civilian flight plans handled. The
mean duration of the military flight
plan action was 2,38 minutes, whereas
the mean duration of the civilian
flight plan action was 2.84 minutes.
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TABLE 12. SYSTEM DATA COORDINATOR INBOUND SERVICE-B ACTION COUNT, JULY 1976

5 Civil Military Total

: No. of Inbound

: Service-B Messages 199 81 280 oo

‘r Required Actions |

: Handwriting 110 20 130 -
Tsmt Service B-Message 48 34 82
Search Lists 60 34 9%
Telephone 4 _ 20 24
References 8 4 12
Print 4 3 7 J
Mapping 97 10 107 /ﬂ
Cancel 122 35 157 .
Other 40 42 82
No Action 13 4 17 ]
Total 506 206 712 ; ]
No. of Actions per Message 2,54 2.54 2.54 '
Total Time Dealing with 207.70 135.12 342.82
Service-B Messages (minutes)
Mean Time per Message 1.04 1.67 1.22
Standard Error A .17 .15 .13
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TABLE 13, SYSTEM DATA COORDINATOR FLIGHT INFORMATION ACTION COUNT, JULY 1976

Civil Military Total
No. of Flight
Information Requests 71 48 119

Required Actions

Handuriting 20 15 35
Tsmt Service B-Message 8 15 23
Search Lists 47 21 68
Telephone 18 23 41
References 16 15 31
Print 0 0

Mapping 1 0

Cancel 14 9 23
Alert 2 1

Total 126 99 225
No. of Actions per Message 1.77 2.06 1.89
Total Time with Flight 69.32 81.20 150.52

Information (minutes)
Mean Time per Message .98 1.69 1.26

Standard Error .15 . .19 .12
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TABLE 14.

Required Action

Insert
Amend
Remove
Print

No Action

Total of Items Displayed

Total Time of Actions
(minutes)

Mean Time of Action
per Item

Standard Error

SYSTEM DATA COORDINATOR INBOUND SERVICE-A ACTION COUNT, JULY 1976

Type of Information Displayed

Weather

7
2
15

90

114

23.30

.20

04

28

NOTAM
14
2
8
2
14
40

21.28

.53

.09

Total

21
4
23
2
109

159

44.58




TABLE 15, SYSTEM DATA COORDINATOR FLIGHT PLAN ACTION COUNT, JULY 1976
Type of Total Mean Standard

Flight Plan No. Time (min) Time (min) Error
Military 19 45,18 2.38 0.31
VFR 1 1.53 1.53 -.00
IFR (low) 1 1.98 1.98 -.00
IFR (high) 1 5.00 5.00 -.00
Other 0 0.00 0.00 -.00
All Flight Plans 22 52,70 2.40 .30

Table 16 shows representative specifications required a response

Service-B message types with seven
categories under each of two classes:
messages received and messages
transmitted,. Under Messages
Received, Acknowledgement accounted
for 37.6 percent of the total,
and the second largest was Flight
Information accounting or 8.3 percent
of the total. Under Messages Trans-
mitted, Acknowledgement accounted for
12.2 percent of the total, and the
second largest was Flight Plan
(military) accounting for 5.5 percent
of the total. Combining the data for
messages received and transmitted
indicates that 49.8 percent of the
total message types involved
Acknowledgement, It is obvious that
any means of automating, even par-
tially, the Acknowledgement function
could result in considerable savings
in the workload on the System Data
Coordinator,

SYSTEM RESPONSE TIMES.

An important aspect to the usability
of a data system is the time the
system takes to respond to a request
from the user. The AWANS design
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time of 3 seconds or less on 95
percent of the requests for data.
Although it was not the intention of
this experiment to determine specifi-
cation compliance, it was of suffi-
cient interest to warrant an indepen-
dent determination. To determine
what these times were, data were
collected in October 1976. At this
time, the system had been operating
for about 15 months. Data were
collected with an electronic
stopwatch. Fifteen functions
were exercised so that the results
would be representative of the
overall functioning of the system.
The values obtained were averaged,
and the results are shown in table
17. It can be seen that the initial
response time (the time from pressing
the execute key until data began
appearing on the CRT) of 1.6 +0.2
seconds is well within the original
specifications. Even the initial
time plus the time required to
display a page of data (initial plus
write) was only 2.0 +0.3 seconds.
Comments from the specialists at the
Atlanta FSS indicated that they were
satisfied with the response times of
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TABLE 16.

SYSTEM DATA COORDINATOR POSITION REPRESENTATIVE

SERVICE-B MESSAGE TYPE DAILY WORKLOAD

Messages Received
Flight Notification
IFR
VFR
Military
Other
Acknowledgement
Administrative
Flight Information
Equipment Status
Error Message
Other
Subtotal

Messages Transmitted
Flight Plan
IFR
VFR
Military
Other
Acknowledgement
Administrative
Flight Information
Equipment Status
Error Message
Other
Subtotal

Total

TABLE 17.

Local Preflight
Position

Dobbins AFB
Remote Terminal

Remote Divided
By Local

Mean times in seconds +2 S.E. (952 conf. range) data collected October 1976.

Mean No.

0.33
32.00
32.00

244.67
16.67
54.00
10.33
13.33
39.00

442.617

34.67
7.67
36.00
1.33
79.67
1.00
20.67
0.00
4.33
22.67
208.00

650.67

AWANS SYSTEM RESPONSE TIMES

Initial
Response
1.6 19.2

5.2 +1.1

3.2
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std. Err.

1.00
1.00
1.00
1.00
26.19
2.96
9.54
2.03
1.20
6.56

13.35
2.33
7.00

8.99
1.00
3.53
0.00

1.33

Initial
and Write
2.0 +0.3

11.0 +2.3

5.5

Percent of Total
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the system. The situation was
different, however, in the case of
the response times at the remote
terminals. At Dobbins Air Force Base
(AFB) the initial response time
was 5.2 +1.1 seconds. And the
initial plus write time was 11.0 +2.3
seconds., Comments from the remote
terminal wusers indicated dissatis-
faction with these times. Certainly
a wait of 5.2 seconds from thewdime
the execute key is depressed until
some system response becomes apparent
is too long for someone who wants the
data "instantaneously." The nature
of the human perception of time is
that a delay of 0.5 seconds or less
is almost instantaneous, while
a delay much greater than 2.0 seconds
is perceived as being very long.

Since the greater time delays are
both a function of the lower priority
assigned to the remote terminals and
the slower data rate of their tele-
phone lines, it is suggested that any
remote terminals have the capability
of storing at the site the most
frequently requested types of
material. This would reduce the
inconvenience to the specialist of
"waiting forever" for requested data
to be displayed.

FSS SPECIALISTS' OPINIONS OF AWANS.

Subjective measures were taken on
specialists’ reaction to both general
items (nonequipment-related aspects)
and specific items (equipment-related
aspects) of automation by means of an
eight-page, l44-item Specialist
Opinion Survey. The 16 general items
were questions phrased so as to evoke
a comparison between the manual and
the automated FSS and are, thus,
relevant to the purpose of this
report. The 128 specific items will
not be discussed further here. For
those interested, these data are on
file at NAFEC.
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Following activation of AWANS, the
Specialist Opinion Survey was admini-
stered four times at the Atlanta
FSS and once at the Macon FSS. The
Atlanta surveys were conducted
dr.cing August, October, and December
1975 and July 1976, The Macon
survey was conducted during October
1975. The number of respondents
ranged from 44 to 20 at Atlanta and 7
at Macon. Even though there were
fewer respondents, it was deemed
important to evaluate the spe-
cialists' responses at the AWANS
satellite operation (remote terminals
with relatively slow communication
rates) at Macon. Known objective
differences between the two con-
figurations could then be related
to differences in the subjective
responses.

Part 1 of a sample FSS Specialist
Opinion Survey is included as figure
4. The specialist was instructed to
check the most appropriate of the
five columns for each of the 16
aspects (rows a through p). The
question was phrased to evoke
a comparison of the situation after
automation with that before. In the
case of aspect f, the question would
read, "Compared to manual procedures,
use of AWANS involves:

. a large decrease

. a decrease

. mno change

. an increase

. a large increase

in the thoroughness of briefing."
The particular aspects or items
were chosen to be representative
of expected changes (both bene-

fits and detriments) following
automation.




FSS SPECIALIST OPINION SURVEY, PART 1, GENERAL ITEMS

Now that you have had some exposure to AWANS, we would like you to answer the
following questions on the basis of your experience to date. This same opinionnaire
will be administered several times as your operational use of AWANS increases.
Differences betweéen the answers will show in what ways operational experience has
modified your views. Please give us your current opinions, not what you think we
want to hear.

NAME: DATE:

NUMBER OF WEEKS OPERATIONAL EXPERIENCE: -
POSITIUN/S WORKED: SHIFT/S WORKED:

1. Using your experience with both the manual and the automated systems, compare
the two approaches on the basis of the following aspects. Check the most
appropriate block for each aspect. Try to answer every item.

Compared to manual procedures, use of AWANS

Aspect on which comparison involves (any change?) of aspects a. to p.
is to be made R Large ) No Kn ~ |A Large

Decrease|Decrease|Change |Increase|Increase

a. | Time required to give briefing

b. | Job satisfaction

¢. | Work involved in data access

d. | Utilization by private pilots

Overall ability to give an adequate
briefing

f. | Thoroughness of briefing

g. | Work involved in taking flight plans

h. | Speed of finding needed data

i. [ Likelihood of making an error

J. | Amount of eyestrain

k. | Ease of answering pilot queries

1. | Utilization by corporate/military
“ | pilots

m. | Amount of frustration

n. | Confidence in system

0. | Feeling of personal competence

p. | work involved in giving briefing

Originater Date Quontity | APPROVED
; ANA-230 | 7/30/75| 500 | romm 1.

: FIGURE 4. FSS SPECIALIST OPINION SURVEY, PART I, GENERAL ITEMS
i (1 of 2 Pages)
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On the bhasis of the equipment and procedures used in AWANS, indicate your
opinion of its suitability for operational use in all Flight Service Stations.
Please check one of the four statements below.

— Suitable, fine as is.

A Suitable; but minor modification desirable.
Marginally suitable, major modifications necessary.
Unsuitable, idea is OK; but complete redesign essential.

(-l - -
« n e e

Please use the space below to comment on any problems you may have with AWANS,

FIGURE 4. FSS SPECIALIST OPINION SURVEY, PART I, GENERAL ITEMS

e

(2 of 2 Pages)
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Some of the aspects overlap or would
be expected to be correlated, e.g.,
"Time required to give briefing" and
"Work involved in giving briefing."
This provides a basis for checking
the internal consistency of the
answers.

The following integer numerical
values were assigned to the five
choices:

a large decrease
a decrease

no change

an increase

a large increase

VM EWN -
[ I A |

A mean and standard error of the mean
were computed for each of the 16
aspects for each of the surveys at
both facilities. Tests were per-
formed to determine the statistical
significance of the deviation of the
mean response from the center of the
scale (3 = no change). For those
aspects whose means were signifi-
cantly above 3.0, the consensus of
the specialists was than an increase
occurred in that aspect due to
automation. If the mean fell signi~
ficantly below 3.0, a decrease in
that aspect was noted. Unless
otherwise indicated, a confidence
level of alpha equal to or less than
.05 was used to determine signifi-
cance of the "t" score.

The questions were phrased so that
the expected answers would include
a balance of "increase" and
"decrease" responses to encourage a
careful reading of the items and to
discourage stereotyped answering.
Items a, ¢, g, i, j, m, and p are
"negatively phrased."” This means
that an increase in these aspects
would, most likely, be an unfavorable
finding, i.e., would be detrimental
to the performance of the job. The

remaining nine items are positively
phrased, and an increase would be a
favorable finding. For example,
favorable findings would be indicated
by an increase in "Thoroughness of
briefing" and also by a decrease in
"Work involved in data access.”

Table 18 shows the results of part I
of the Specialist Opinion Surveys
completed by Atlanta FSS personnel.
The aspects are listed in order of
the magnitude of perceived change, 1
being the largest change. The third
column from the left shows the number
of surveys on which each aspect was
perceived as changing significantly.
The fourth column indicates whether
that change was an increase or a
decrease, and the rightmost column
indicates the expected effect of this
change on the performance of the job;
i.e., whether it was favorable or
unfavorable.

This table shows the effects of
automation at Atlanta to be pre-
dominantly favorable. Fourteen of
the aspects changed in a favorable
direction, while only two changed in
an unfavorable direction.

The 16 aspects can be subsumed under
four main headings as follows:

1. Quality of Service
*a, Thoroughness of briefing.

*b, Overall ability to give
adequate briefing.

*c, Utilization by private
pilots.

d. Utilization by corporate/

military pilots,

2. Morale of the Specialist
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*a. Job satisfaction.

*b. Feeling of personal
competence.,

3. Task Performance/System Operation

*a, Work involved in data
access.

*b. Work involved in giving
briefing.

c., Time required to give
briefing.

d. Ease of answering pilot
queries.

e. Likelihood of making an
f. Speed of finding needed
data.

g. Work involved in taking
flight plans.

4. Adequacy of Equipment/Environment
*a. Amount of eyestrain.
*b. Confidence in system.
¢c. Amount of frustration.

* The items preceded by an asterisk
are those in which statistically
significant changes were perceived in
all four surveys.

Based on this categorization, imple-
mentation of automation at Atlanta
significantly improved both the
Quality of Service and the Morale of
the Specialist.

All of the aspects under Task Per-
formance/System Operation showed
favorable changes with the exception

of "Work involved in taking flight
plans." This aspect was increased in
two of the surveys. Objectively, the
amount of work done by the specialist
in taking flight plans did increase.
Instead of copying the flight plan on
a form (about a 1.5-minute task) and
handing the form to a teletype opera-
tor, the specialist is required to
take the information and key it into
the automated system (about a 2.0
minute task). So, this perceived
change reflects an actual increase in
work required of the specialist at
this position. However, if the addi-
tional workload of the teletype oper-
ator is considered (including hand-
carry time), the overall facility
workload is actually reduced. The
final category, Adequacy of Equip-
ment /Environment, shows an increase
in the "Amount of Eyestrain." This
perceived change is related to the
manner of obtaining weather text
information from CRT displays at the
specialist position and in the manner
of viewing group monitor graphics.
The use of these electronic displays
necessitated reduction in the ambient
room lighting. The specialist had
been used to operating in daylight,
and the reduction in overall light-
ing, unevenness of the artificial
lighting, and the difference between
reading data from a CRT screen rather
than a printout contributed to the
perceived increase in eyestrain. It
should be noted that the ambient
lighting system in the facility was
not designed specifically for
the AWANS environment. Whether there
is, in fact, an increase in eyestrain
with automation depends, in part, on
the particular design features of the
equipment and the environment. Good
human factors design can minimize
this potential negative effect of
automation. The remaining two
aspects under Adequacy of Equipment/
Environment showed favorable changes.

Mol
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Unlike the surveys at Atlanta, the
survey at Macon showed five unfavor-
able changes and two favorable
changes, as can be seen in table 19.
These changes were due to the fact
that the data rate to the remote
terminal was low, and the time to
respond to a keyboard request was
longer (11 seconds at Macon compared
to 2 seconds at Atlanta). This
accounts for the unfavorable change
in the first two aspects. The reason
for the third unfavorable aspect
change was discussed above. The
fourth unfavorable change is related
to the reliability problems associ-
ated with the remote terminal and the
connecting phone lines. Eyestrain
was discussed above; however, the
lighting situation at Macon was not
as objectionable as that at Atlanta.
Another possible reason for the
greater number of unfavorable changes
at Macon is the information barrier
due to the remoteness of Macon with
respect to Atlanta, Finally, it
is interesting that the only two
favorable changes relate to Quality
of Service and are the same as the
two most notable changes at Atlanta.

After almost a year's experience with
automation (August 1975 to July
1976) the subjective responses of the
specialists to four of the general
items, all within the Task Perfor-
mance/System Operation area, showed a
statistically significant favorable
change (see table 20). In order of
significance, these changes were:

ll
increased,

2. Time required to give briefing
decreased,

3. Likelihood of making an error
decreased, and

Ease of answering pilot queries

37

4, Work involved in giving briefing
decreased.

It is important to note that the
above four items are not objectively
measured changes. Item 2 is a case
in point. The specialists felt
that the time to give a briefing
decreased, whereas this time actually
increased slightly after automation.

In addition to the specific changes
between two surveys a year apart,
as discussed in the preceding para~
graphs, it is possible to see a trend
in the attitude of the specialists
across the four surveys as shown in
table 20. The second column shows
that there is an increasingly more
favorable attitude of the specialists
towards the automated system as time
progresses. The rightmost column
includes only the mean for "amount of
eyestrain,"” That this aspect
was not significantly unfavorable in
December might be due to the fact
that the reduced outdoor lighting of
the winter season contrasted less
with the indoor ambient lighting.

In summary, the Specialist Opinion
Surveys showed a highly favorable
opinion of automation at the central
Atlanta facility and an unfavorable
opinion at the satellite Macon
facility, The latter opinion was due
mainly to the much slower response
time of the system., Automation at
the central facility was perceived
as having a favorable effect on
Quality of Service, Morale of the
Specialist, and Task Performance/
System Operation. An increase in the
"amount of eyestrain" was seen as an
unfavorable change in the Adequacy of
Equipment /Environment area. Over a
period of a year's experience with
the automated system, the attitude of
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the specialists became increasingly
more favorable.

AWANS VISUAL ENVIRONMENT.

The Atlanta FSS illumination scheme
consisted of a primary room lighting
system of fluorescent fixtures
mounted parallel to the direction in
which the preflight consoles were
aligned. These fixtures were
equipped with dimming ballasts and,
as such, were controllable by solid
state rheostats. Typically, the
light level emanating from these fix-
tures was purposely kept quite low to
insure minimal difficulties regarding
visual access to data presented on
the several CRT's. An additional
light source was supplied by a ceil-
ing-mounted system which consisted of
electrified metal tracks on which

moveable 40-footcandle, incandescent
focusing lamps were seated. Each of
these lamps illuminated approximately
a 10-inch-diameter area, and was
rheostatically controlled from each
associated console. Philosophically,
one could identify the fluorescent
fixtures as a general ambient light
source and the incandescent fixtures
as dedicated operational position
lighting.

One area of considerable concern was
evinced from results gathered from
part I of the Specialist Opinion
Survey. Specifically, there was a
marked increase in the incidence of
eyestrain. The facility illumination
levels were surveyed, and the range
of the averages at different position
are shown in table 21. The lighting
levels fall below what is acceptable

TABLE 20. CHANGES IN FSS SPECIALIST ATTITUDE AS A RESULT OF EXPERIENCE
Number of Favorable Number of Unfavorable*
Atlanta Changes With Means Changes With Means
Survey Data 24.0 24.0
August 1975 3 1
October 1975 4 1
December 1975 6 0
July 1976 7 1
* This unfavorable change is in "Amount of Eyestrain."
TABLE 21. TYPICAL PREFLIGHT POSITION ILLUMINATION LEVELS

Face of l4-inch CRT
Writing area under spotlight

Writing area, no spotlight coverage

Keyboards

Face of 23-inch group CRT Monitors

Range
(Footcandles)

0.5 - 1.0
20 - 45

0
0.
0

RN )
N
o, o0

The above measurements were taken under normal daily operating conditions:
Curtains closed, fluorescent fixtures operating in a very dim aode
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for the types of tasks the AWANS
specialists must perform. Results
from part 2 of the Specialist Opinion
Survey indicate a consensus that the
lighting is inadequate for reading
printed reference material., Verbal
complaints from several of the
specialists to the effect that they
needed to have the optical prescrip-
tions changed; e.g., one going to
bifocals and another going from
bifocals to trifocals, point to
problems in accommodation under the
low light levels.

With low light levels, the aperture
of the pupil increases, reducing the
depth of field of the eye and requir-
ing more focusing action. The use of
group CRT monitors at distances
of 68-inches for the front row and
153-inches for the back row means
that whenever the specialist looks
from the CRT at his position (20-inch
distant) to the group CRT monitors, a
considerable amount of visual adjust-
ment must take place. A number of
the subject specialists are at or
beyond the age when reduction in the
ability to refocus the eyes from near
objects to distant objects and back
again becomes noticeable. The
change from normal daylight, filter-
ing through windows, to a relatively
darkened working environment
reportedly caused several individuals
to seek medical attention.
Additional visual problems could
result from the specialists reading
printed material under the illumina-
tion provided by a ceiling-mounted
fixture which emits 40-footcandles of
light and immediate reference to the
position's CRT. Such problems are
created by causing people to adapt
rapidly from one light level to
another. Ideally, the maximum
variation in lighting should be
within a range of 4 to 1; i.e., if
the maximum illumination is 40~
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footcandles, the minimum should be no
less than 10-footcandles.

SUMMARY OF RESULTS

1. The mean preflight weather
briefing time was 2.62 minutes.

2. The mean preflight flight plan
filing time was 2.17 minutes.

3. The mean preflight combined
transaction time was 4.92 minutes.

4., The mean in-flight weather
briefing time was 1.85 minutes.

5. The mean in-flight flight plan
filing time was 2.97 minutes.

6. The mean in-flight flight plan
activation time was 1.56 minutes.

7. The mean system data coordinator
inbound Service~B transaction time
was 1.22 minutes.

8. The mean system data coordinator
incoming flight plan action time
was 2.40 minutes.

9. Fully half of the daily workload
at the system data coordinator
position involved acknowledgment of
messages received or transmitted.

CONCLUSIONS

From the results, the following
conclusions are drawn:

1. The group CRT monitors were
acceptable from the front row and
marginally acceptable from the back
row of preflight positions.




2. Although the manual data collec-
tion approach used in this study
proved practicable, an automated
wonitoring and data collection system
would be preferable on future systems
destined for test and evalation.

3. Transaction times varied with the
type of transaction, with the status
of the group CRT monitors, and with
the complexity of the transaction.

4. Local weather conditiom, comsole
configuration, type of flight plan
filed, and month of data collection
produced no significant effect on
transaction times. This is not to
say that there was no effect of these
variables, but that the effect was
masked by other sources of variation.

5. The duration of flight service
transactions is primarily dependent
on the requirements of the pilot and
the speed of acceptance and delivery
of information by the specialist.
Automation of the FSS has minimal
impact on these factors. The use of
AWANS has not reduced transaction
times.

6. Both objective environmental
measures and subjective measures
indicate inadequate illumination.
Typical levels were 1 footcandle
except under the focused spot,
which measured between 20 and 45
footcandles.

7. Noise levels were satisfactorily
low.
8., The mean AWANS response time

across 15 different system functions
was 1.6 seconds for local terminals.
This time fell within the response
time specifications for the system.
The response time for remote termi-
nals was 5.2 seconds. This is far in
excess of an acceptable value.
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9. For part I of the Specialist
Opinion Surveys, specialists at the
Atlanta FSS had a highly favorable
opinion of AWANS, whereas specialists
at the satellite Macon facility had
an unfavorable opinion., This unfa-
vorable opinion was mainly due to the
slower response times.

10. The only unfavorable opinion at
the Atlanta FSS was that the "amount
of eyestrain" increased after the
implementation of AWANS.

11. Over a period of a year, the
attitude of the AWANS specialists
became increasingly more favorable.

12. Three CRT's at the specialist's
console would obviate the need for
the 23-inch group CRT monitors. A
minimum of two displays is required.

13. The more different types of
material that were accessed, the
longer the transaction times became.
If the transaction involved filing a
flight plan, accessing weather text,
accessing maps or radar, and refer-
ring to printed reference material,
the mean transaction time was 7.02
minutes.

14, The verification of route
coherence in AWANS is much more
stringent than the adapted data bases
of the National Airspace System (NAS)
9020 computer systems. Specifically,
routes filed from an airport to
intersect an airway in the area are
acceptable in NAS, but this type of
route filing will cause an error
message from AWANS because the air-
port must be a published part of the
airway structure, Consequently,
flight plans entered through AWANS
may indicate an error but are accept-
able to the NAS 9020 system. This
causes confusion and is a hindrance
to the weather briefing function
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because AWANS dictates that weather
information may not be retrieved with
a location or route that indicates
an error. There was a gradually
increasing lack of attention to those
system messages which indicated an
error in a filed route. The special-
ist, being aware of inconsistencies
in location identifiers and route
verification between the AWANS and
the NAS, tended to disregard the
message when in fact a valid error
might have been present,

15. The availability of weather
radar information was helpful to the
preflight briefers and even more so
to the In-flight and EFAS positions.
This type of weather data allows a
specialist to provide meaningful,
current information to pilots,
Specialist comments indicate a strong
preference for the availability
of radar information.

16. The presentation of digitized
charts is convenient and useful.
However, specialist opinions indicate
a need for a more legible
presentation. The graphics presented
are digitized versions of NWS fac-
simile charts. This information,
although useful in its present form,
could be substantjally improved
with a source product specifically

.designed for presentation on a

CRT. Charts are generated within the
facility by hand when the digitized
versions are unacceptable for use.
This manual tracing of charts would
be unnecessary if the digitized
products were improved. Generally,
specialist comments indicate the
capability of graphics presentation
is excelleat although the images
need improvement in clarity and
legibility.
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RECOMMENDATIONS

From the conclusions, the following
recommendations are made:

l. Implement a computer~-based
monitoring, data collection, and
reporting system such that the data
required by studies such as the
subject one could be obtained with a
minimum of manual data collection.

2. Eliminate the group CRT monitors.
The need for these monitors can
be satisfied by the use of three
CRT's at a position or, possibly, by
the use of two CRT's and greatly
improved methods of data access.
There is no objective or subjective
evidence that would support the
retent ion of group CRT monitors.

3. Reduce the workload of the system
data coordinator. Automated acknowl-
edgments would be a step in the right
direction,

4, 1If remote terminals are to be
used, find a way to reduce the system
response times to the acceptable
level of the local terminals.

5. Increase the overall illumination
levels and reduce the variation of
the illumination level from one area
to another.

6. Future automated facilities
should be designed to insure that all
displays can be used with uniform,
comfortable lighting over all working
surfaces except the display faces.
Lighting levels on console shelves
and keyboards should range between 20
and 30 footcandles.
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7. The route verification feature
should be routinely used by the
specialist while still talking with a
pilot to eliminate unnecessary error
messages from NAS caused by incor-
rectly filed flight plans which cause
additional, time-wasting handling.
The AWANS and future automated
systems should provide data base,
field, and route verification fea-
tures that will ensure congruence
with NAS processing so as to allow
weather information retrieval regard-
less of whether or not the departure
airport is part of the airway
structure.

8. At the System Data Coordinator
position, there are as many as 335
messages in the system, some of which
are written in language appropriate
for a programer but not necessarily
meaningful for the specialist who
must use the system daily. Only
through experience, would a
specialist learn the meanings in some
of these messages. However, it's
recommended that system messages
destined for the specialist should be
unambiguous and in language appropri-
ate to air traffic control. A
reference book should be provided at
the SDC position to define in greater
detail the functional or operational
meaning of these messages if suitable
clarification cannot be provided by
system capability, -

9. System messages for the assistant
chief are particularly cryptic and
should be written in plain language.
The abundant use of status messages
throughout all phases of the opera-
tional program is an excellent
feature. This capability should be
included in any future system design.
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10. There is an operational require-
ment to periodically review and
delete obsolete weather advisories
from the system. In addition,
because of errors in preparation or
transmission of NOTAM messages or
because of brief system outages,
cancellation messages may be missed,
causing out-of-date NOTAM's to
remain in the system. Correction of
this problem requires a tedious
manual comparison of the NOTAM data
base with current NOTAM's or the
initialization of the data base to
eliminate any NOTAM's which are no
longer current. Future systems
should incorporate features to
eliminate manual verification of the
NOTAM or weather data base.

11. Provide a radar presentation of
improved clarity which also has the
capability of displaying digitized
alphanumeric information to augment
the graphic portrayed.

12, The modularity of components in
some automated systems is more of
a concept than a feature which has
been implemented. However, in the
case of AWANS, the ability to easily
reconfigure the system has been used
frequently with gratifying results,
This is clearly attributable to the
modularity characteristics inherent
in the AWANS design. Considering the
evidence of the need for flexibility
in the utilization of AWANS hardware
and software, one would logically
conclude that there would be a high
probability that follow-on systems
will require similar modular design
capabilities.
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