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EXECUTIVE SUMMARY

The study described in this report is part of a broad effort by the
Federal Aviation Administration (FAA) to investigate the long—term policy
issues and potential impacts of higher levels of air traffic control (ATC)
automation. The broad effort is concerned with identifying and determin-
ing the scope of problems of organizational and institutional policy
formulation that may face the FAA in the future. This research is a
pilot effort to investigate the human factors impacts of future automa-
tion on sector controllers. The research examines human factors influ-
ences on the degree to which ATC automation may ultimately be developed,
the likely paths of automation transition, and the types of controllers
most amenable to interface with highly automated operations.

A. Method of Approach

Six sector control operations representing the current ATC system
and five plausible versions of future automated systems were defined ,
and 17 factors describing the pertinent performance capabilities of
humans were selected . Each future system was rated relative to the
present system in terms of the factors by a panel of FAA and other
government personnel familiar with ATC.

1. System Descriptions

Descriptions of future ATC systems were developed by projecting
logical representatives of system operating functions corresponding to
various advanced technology configurations. These descriptions were based
on opera tiona l characteristics analogous to those of the current ATC
system, which includes National Airspace System (NAS) Stage A and
Automated Radar Terminal (ARTS) technologies. Operational descriptions
were developed for the following six systems:

H e System 1: NAS/ARTS

• System 2: Enroute Decision Aid Automation

• System 3 Terminal Decision Aid Automation 
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a. System 1: NAS/ARTS--NAS/ARTS operations require terminal
and enroute controllers to perform traffic planning, tacital decision
making, and clearance issuance functions. Clearances are issued by the
controllers using air/ground (A/C) voice coamunications.

b. System 2: Enroute Decision Aid Autotuation——Enroute dcci-
sion aid automation incorporates conflict probe and related technologies
to automate tactical decision making but requires enroute controllers to
critically review the computor-generated tactical decision—making activi-
ties. Clearances are issued through A/c voice coesnunications.

p

c. System 3: Termina l Decision Aid Automation--Terminal
decision aid automation incorporates metering and spacing and related
technologies to automate traffic planning and tactical decision-making
functions but requires terminal controllers to critically review the
computerized traffic planning and tactical decision-making activities.
Clearances are issued through A/G voice coamunications.

d. Sy~tem 4: Control-by-Exception--Level I-- Control-by-
exception (Level I) incorporates control message automation (CMA), data
link, and related technologies to automated traffic planning, tactical
decision-making, and clearance issuance functions, but requires terminal
and enroute controllers to critically review the computerized planning
actions and tactical decision-making and clearance issuance activities.
Clearances are automatically processed by data link.

e. ~~~~~ 
5: Control-by-Exception--Level tI-—Control—by—

exception (Level U) incorporates the same basic technologies as Level I
but requires controllers to maintain cognizance (i.e., without critical
review) of computerized planning actions and to critically review com-
puterized tactical decision-making strategies without reviewing the
details of the automated clearance issuance activities.

f. System 6: Control-by-Exception--Level Ill--Control-by-
exception (Level II!) incorporates the same basic technologies as
Levels I and II but requir€s controllers to maintain the computer data
base without maintaining cognizance or critically reviewing-computer
generated actions.

2. Human Factors Descriptions

Human factors pertinent to ATC operations were studied ; the following
17 factors in the general areas of job satisfaction and motivation, man-
machin, interface, and failure mode operations were selected on the basis
of their relevance to future ATC automation issues:
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Job Satisfaction and Motivation

1) Achievement——work alignment
2) RecognitIon
3) Responsibility
4) Control authority
5) Utilization of per eived skills
6) Challenge——discretIonary flexibility
7) Performance feedback
8) In terest

Man—Machine Interface

9) Vigilance
10) Stress
11) Intricacy
12) Restrictiveness
13) Rigidity
14 ) Decision making

Failure Mode Operations

15) Failure recognition
16) Failure recovery
17) Failure operations

B. Conclusions

The functional descriptions of each system were rated relative to
the human factors In such a manner that the respondents could state their
evaluations of desirable and undesirable job elements. Project s t a f f
analyzed the resultant rating data to identify those operational charac-
teristics of ATC systems that were perceived by the raters as significantly
weak or strong. The results of this analysis are described In the main
body of this report; a summary of our conclusions is presented below.

System 2 (Enroute Decision Aid Automation) was found to be the most
promising of the future systems in terms of compatability between
operational design and human factors. The conflict probe of System 2
would enable a controller to apply expert skills to criticall y review
computerized actions and therefore would not severely l imit his ability
to exercise highly trained capabilities. System 6 (Control—by—Exception ,
Level Ill), in which a controller is almost completely “o~~ of the ioop”
but acts as the overall systems manager , would be acceptable given a
radical change in the type of person performing the job as well as in
the training he receives. This of course assumes technological components
of such quality and redundancy that a controller could be removed com-
pletely from the tactical ATC situation.

System 3 (Terminal Decision Aid Automation), System 4 (Control—by
Exception, Level I ) ,  and System 5 ( Cont ro l—by—Exc ept ion , Level 11)  reduce
the opportunities of today ’s controllers to app ly their expert skil ls , anti
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thus lead to inconsistencies between human expectations and rewards. In
these systems, highly trained control skills equivalent to those of today’s
controllers would be necessary if the controller is expected to perform
recovery operations in the event of automation failure. Underutilization
of these exper t skills, caused by removing the planning functions from
the job responsibilities of controllers, appears to account in large
part for reductions in job satisfaction and motivation rewards. Such
underutilization of expert skills could also undermine the capabilities
of controllers to respond to failures regardless of the amount of
training they have received.

The conclusions discussed above are based on a preliminary research
effort that requires further verification. This initial research utilized
a panel of raters composed of individuals with long experience in air
traffic control and others with backgrounds in engineering, medicine,
psychology, and personnel. A replication of the research utilizing a
panel composed of air traffic control personnel at FAA ATC facilities
would be desirable. Also, the list of human factors involving job
satisfaction usec. in this research omitted such considerations as job
advancement potertial, financial remuneration, and on-the-job interpersonal
relationships. These considerations involve complexities that are beyond
the scope of this first-cut analysis and were therefore not included.
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I INTRODUCTION

The path of evolution of air traffic control (ATC) modernization and
automation leads to increased employment of sophisticated system technol-
ogy. A number of engineering and operational studies have predicted that
deployment of new systems hardware and software will have a significant
effect on ~he way control services are performed and delivered to sy8tem
users.~~~ These technclogieal developments encompass changes to
coemunications, surveillance and navigation procedures, separation
standards, airspace gectorization, sector control equipment, sector
manning strategies, and airspace traffic flow regulations. Analyses of
the operational potentials of various technological components have
resulted In proposals for future system designs. These ATC system plans
include the Upgraded Third Generation (UG3RD) ,1 3  Extended UG3RD ,’ and
Advanced Air Traffic Management System (AATMS) 5 ’

6 concepts.

Studies of the operating capability of various systems have projected
moderate to sizeable gains in traffic capacity and controller productiv-
ity .1 1 2  However, the successful implementation and continued operation
of future ATC systems depend not only on the resolution of technological
problems but also on the development of systems that are compatible with
organizational and institutional processes. Deployment of advanced
technology by the Federal Aviation Administration (FAA ) will probab ly
require modifications to the agency ’s organizational behavior in order
to adjust to both the operational characteristics of new systems and the
reactions from the aviation industry , the public , and other government
agencies. Therefore, there is reason to believe that implementation of
new ATC systems will both require and induce changes in the processes by
which the FAA functions. Operational impacts would be felt in such areas
as policy review, program planning , resource allocation , and management
of ATC services and regulatory responsibilities .

Although most studies of future ATC automation have concentrated on
questions of technological and operationa l feasibility a few have examined
some aspects of organizational and institutional questions by addressing
the problem of human behavior in automated operationa .~

’’~~ These studies ,
however, have not given full attention to the possible impacts on con-
trollers of future automation and the possible human and other organiza-
tional limitations to the successful implementation of ATC automation.
Clearly , additional research ie needed to determine the degree to which
ATC can be and should be automated .

in response to the concerns stated above, the study described in
this report was undertaken.

list of references is attached to this report
.1



A . Objectives and Scope

This study is a pilot effort to develop methodology and guidance for
further analysis of future automation policy issues and preliminary infor-
mation describing possible problem areas. The scope of the study was re-
stricted to human factors issues relating to the impacts of ATC automa-
tion on sector controllers. The emphasis of the research was on identi-
fying problems that may arise in the future if higher levels of automation
are implemented. Of particular concern were those human factors issues
that may in some manner determine the direction or impede the implementa-
tion of automation. Questions relating to the feasibility of automation
hardware and software design were not addressed ; automation configuration
concepts were assumed to be technologically feasible.

B. Method of Approach

The study was designed as a first—cut analysis of the role human
controllers might have in future operational environments. The analysis
focused on the interactions between humans and various automation concepts
so that human capabilitie s and limitations could be better understood.
This approach was intended to broaden insights into human factors issues
concerning the degree to which ATC automation may ultimately be developed,
the desirable paths of automation transition, and the types of human con-
trollers most amenable to interface with highly automated operations.

To search for and identif y relevant issues , the project team developed
a methodology to evaluate the human factors consequences of future automa-
tion. Plausible ~TC systems that could be examined for their effects on
human factors were developed . For each system, functional descriptions of
future automated operations were compared with 17 human factors, and the
system operations were subjectively rated relative to these factors. The
rating procedure wigs designed as a series of critical questions that
tested such human factors as motivation , achievement, responsibility,
challenge , stress , and the like against a set of specific automation
functions. The questions enabled persons familiar with ATC operations
to rate their perception of the degree of importance of each human factor
for specific ATC environments.

The ratings were performed by government personnel using system
functional descripti ons, factor descriptions , and rating forms developed
by the project team. Project personnel administered the rating exercise
and reduced and ana lyzed the data but did not participate in the rating.

1. System Descriptions

Project personnel developed descri ptions of future ATC systems by pro-
jecting logical representations of system operating functions corresponding
to various advanced technology configurations. The descriptions of future
systems are hypothetical but are based on extensions of ATC automation

2
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cur ren t ly  being pr posed or developed by the FAA and on related
studiee~~ of advanced ATC system designs and operating strategies.
These advanced systems assume an evolutionary deployment of new technol-
ogy anu the continuation of the current philosophy of ground—based air
traffic management with a high degree of tactical and strategic control
automation . The high levels of automation allow the human operator to
func t ion  as an air traffic monitor and manager rather than as a con-
troller of minute—by—minute air traffic events.

Past studies have discussed the role of man as a manager, but not
at the level of descriptive detail needed to perform the human factors
analyses required for this research. ‘~~~~ Therefore , project personnel in-
corporated and integrated the technological descriptions contained in
these studies and projected alternative operating modes for both human
operators and automation. The system descriptions developed represent
alternative design concepts that are being considered for future imple-
mentation; they do not represent official FAA views and positions.
Change8 to the current concepts of technological development should not
significantly affect the outcome of this tudy , however , because the sys-
tems analyzed are representative of technology trends.

Six automated sector control operations were identif led including the
current ATC system and five future systems . The future systems were
postulated by configuring various automation components proposed by the
FAA 1 3  into advanced systems whose operational characteristics are analogous
to current systems. The analogies were based in part on available documen-
tation of operational concepts 4~~ and in part on operational knowledge
accumulated through a series of previous ATC studies~~~~ that included
on—site observations of FAA enroute and terminal control facilities.

Three of the future ATC systems were collectively referred to as
control_by_exception* operations . These assumed the use of automatic con—
trol message generation and transmission technology . In control—by—
exception systems, sector controllers can intervene in the computerized
control operation when they take exception to or disagree with the
automation ’s intended actions. The three control—by--exception systems
were defined according to three distinct levels of human intervention
capability; the most advanced system allows virtuall y no human interven-
tion and direction.

The two remaining future systems, enroute and terminal decision aid
automation , represent intermediate technological developments that mi ght
precede control by exception . These two systems could be part of a
time—phased evolution from the current ATC system to a .ontrol—b y—exception
system , although such evolutionary deployment Is not a necessary premise
for this study. The technological components of the six ATC systems are
described in Section II of this report.

*The term “control—by—exception ” is not an official FAA identifier for any
system , but It is In popu lar use. Other terms , such as “man—as—the—manager ,”
are equally appropriate.

3



The operation of each ATC system was described in terms of the con-
tro l processes required to perform traffic planning and tactical control
services. The control processes were subdivided into a set of 30 con-
trol fu nctions , each of which must be performed by a human or by the
automation mechanism. Project personnel developed unique descriptions of
control operations for each system by assigning specific functions to
either a human operator or a machine depending on the automation composi-
tion of the system . The development of the control function descriptors
for the six ATC systems is described in Section III of this report; Appen-
dixes A through F contain additional operational details for each system.

2. Human Factors Descriptions

Seventeen factors were identified to describe pertinent performance
capabilities and limitations of human controllers. These factors addr~ss
job satisfaction and motivation, man—machine interface, and failure mode
operations.* The factors were developed with the aid of project staff
psychologists using previous studies for reference and guldance.17 22

Each of the 17 factors was defined in terms of the degree to which a job
situation is conducive to effective human performance . These factors
are listed In Section IV of this report and described in detail in
Appendix C.

3. Ratln.g Mechanism

Project staff devised the rating forms (scoring questionnaires) with
which system operations were evaluated . One form was designed for each
system in such a way that 30 control functions could be quantitatively
rated relative to the 17 factors. The critical factor and function pair
comparison mechanism is conceptually illustrated in Figure 1.

The forms were filled out by 20 respondents, each of whom was a
staff member from FAA headquarters , the National Aviation Facilities
Experimental Center (NAFEC), or the Transportation Systems Center (TSC).
The respondents were given instructions , rating guidelines for each
factor , control function descriptions for each ATC system alternative,
and the rating forms and were asked to rate numerically (on a scale of
1 to 5) certain functions against specified factors . This format was
designed to solicit the respondent ’s judgment of the degree to which a
control function contributes to desirable or undesirable aspects of
human performance.

Section IV of this report includes a brief summary of the rating
procedure (described in detail in Appendix H) and presents an overview
of the rating data results (tabulated in Appendix I).

*Failure mode is the means by which an ATC system operates when one or
more components do not function such that the controller must compensate
for the functional fa i lu re .

4
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4. Ratin g Data , Analysis, and Conclusions

SRI used computer data processing to compile , aggregate , and organize
the rating data; identify rater biases ; and develop rating statistics for
analysis. The analysis identified those factors , functions , or factor and
function pairs that were judged by the respondents to be the most critical
itams of future automation development. The current ATC operation was
included in this rating exercise to provide a comparative basis for
analyzing critical items and criticality trends for progressively higher
levels of automation.

Section V of this report includes descriptions of the data analysis;
conclusions developed from the analysis are presented in Section VI.

6



II ATC TECHNOLOGY

This section reviews the technologies leading to and including
control—by—exception atitomat ion. The specific technological components
considered are the items included as part of the FAA ’s Upgraded Third
Generation Automation (UG3RD) program (see Table 1). The UC3RD program
represents the current plans for future ATC technological development
and is subject to revision as more information is obtained concerning
automation potentials and need. However, the UC3RD technological com-
ponents are representative of the levels of automation likely to be
available in the future and are therefore useful for analyzing the im-
pact of future automation on sector controllers.

The data link and control message automation components in Table 1
are the technological bases for control—by—exception systems operations .
The intermediate components are potential predecessors to a control—by—
exception system in that they could , In theory , be implemented before
control—by—exception , assuming an evolutionary program for technological
development. However, it is possible that some components, such as me-
tering and spacing (M&S), may not precede control—by—exception but rather
be incorporated thto the control message automation log ic.

A. Technological Component Descriptions

To develop a conceptual perspective on the operational implications
of the various technological components listed in Table 1, the opera-
tional potentials of these components are described below. The descrip-
tions are based on part on available descriptions of each component ~~
and in part on observations of ATC operations.0 1 2

1. Current Technology

a. HAS/ARTS

The curren t enroute NAS Stage A and terminal ARTS III ATC opera-
tions include air/ground (A/C) and Interphone voice communications; au-
tomated flight data processing and forwarding ; air traffic control radar
beacon system (ATCRBS); automatic tracking displays with alphanumerics
(including Mode C and reported altitudes and ground speed); automatic
and manual display filters; surveillance data mosaicing (enroute only);
simplified clearance/coordination procedures; conflict alert; minimum
safe altitude warning (MSAW); and central flow control. The ARTS III
syste. directly supports terminal r~dar approach control (TRACON) oper-
ations; the alphanumeric display features are available in various air-
port tower cabs .

7



Table 1

AUTOM&TION TECHNOLOGY

— 
Automation Level Technological Component

Current NAS/ARTS ; conflict alert
Minimum safe altitude warning (MSAW)

Intermediate Airport surface traffic control (ASTC)
Wind shear advisory
Wake vortex avoidance system (WVAS)
Automated data handling (ADH)
Microwave landing system (MLS)
Area navigation ( RNAV )
Conflict probe
Metering and spacing (M&S)
Enroute metering
Automated local flow control (LFC)
Automated centra l flow control (CFC)

Advanced Contro l message automation (cMA)
Data l ink
Discrete address beacon system (DABS)
Automatic traffic advisory and resolu-
tion system (ATARS

)8



Sector operations in enroute centers and in TRACONs focus on the
radar (R) controller. This critica l decision maker performs the separa-
t ion assurance and fligh t path management activities and may be supported
by other controllers. Control task activities inc lude A/C voice commun-
ications (R controller only); flight strip processing manual operations ;
intersector (including interfacility) interphone voice communications (R
controller only); computer data entry and d isplay manua l processing ; and
intrasector direct voice consu ltations . Surveillance of plan view dis-
play (PVD) aircraft situa tion, identity, and related alphanumeric da ta
enables controller flight-following . Controllers mentally project flight
trajectories to detect and assess potential conflicts and resolve these
conflicts by issuing clearances using A/G communications. Traffic flow
organization and structuring are conducted in accordance with established
procedural rules, which may be adjusted when local flow control opera-
tions are instituted .

Local, ground, and related control operations in towers use aircraft
situation data obta ined by direct observation and voice communications .
Radar displays support situation surveillance opera tions.

b. Conflict Alert

Conflict alert detects minimum separation violations just prior to
their occurrence and accordingly warns the controller (suggested resolu-
tions are not included). Since this device operates on imminent poten-
tial conflict situations that occasionally may be “missed” by the con-
trollers, it does not have an impact on controller thought processes
that ordinarily occur . The conflict alert is a very useful safety en-
hanceinent that supplements the fundamental thought processes of controller
decision making.

c. Minimum Safe Altitude Warning (MSAW)

MSAW automatically advises sector controllers of an aircraft flying
or projected to fly below safe altitude limits. MSAW is a very useful
safety enhancement that supplements the basic controller decision-making
logic.

2. Intermed iate Technology

a. Airport Surface Traffic Control (ASTCI

ASTC will introduce advanced surveillance display capabilities to
the tower controller. Current plans call for Implementing ASTC at some
major airports. Although this feature will facilitate controller sur-
veillance and reduce communica tion workload, basic decision-making logic
will not be changed by ASTC implementation.9



b. Wind Shear Advisory

Wind shear advisory will use ground sensors and computerized algo-
rithms to identify dangerous wind shear situations in the vicinity of
runways (especially approaches) and to advise local and approach con-
trollers accordingly . The wind shear advisory is a very useful safety
enhancement but is not expected to alter controller decision-making
logic.

c. Wake Vortex Avoidance System (WVAS)

WAS will detect or predict conditions of wake vortices behind
large and/or heavy aircraft during low speed on final approach or de-
parture . Resulting safety improvements and possible reduced aircraft
separation requirements should increase runway capacities. The impact
of WAS on controller decision-making logic will depend on whether man-
ual or automated systems are implemented. Manual WAS will advise local
and approach controllers of wake vortex existence but inherently will
not affect controller decision-making logic. Automated WAS will rec-
ossnend specific spacing rules for a given aircraft pair that must be as-
similated by the controller into his thought process. The assimilation
by the controller of externally generated, dynamically changing, separa-
tion rules represents a departure from the current mode of operation and
could require adj~ stmenta to the controller decision-making logic. (The
questions of how and to what degree such adjustments would be made are
beyond the scope of this study and are top ics for further research.)

d. Automated Data Handling (ADH)

ADH includes the implementation of enroute and termina l sector con-
trol positions of an electronic tabular flight da ta display subsystem
(ETABS) and a terminal information processing system (TIPS). The tabu-
lar display, an electronic flight data presentation designed to replace
paper flight strips and attendant manua l activities, automates flight
data distribution between sectors and facilities. With inclusion of
touch entry data processing, the resulting reduction in control workload
per aircraft would increase sector traffic-handling capabilities. The
tabular display with touch entry capabilities would facilitate informa-
tion processing by the controller but is not expected to alter controller
decision-making logic .

e. Microwave Landing System (MLS)

MLS is intended to upgrade the landing service of the current in-
strument landing system (ILS) by providing multip le-g lide slope and
curved approach capabilities. These capabilities may lower site prepar-
ation cost, allow MLS installation at sites where ILS is not practical ,
and reduce ground noise, but they will have no impact on the basic con-
troller decision-making logic (i.e., the current thought processes would
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still be required to control landing aircraft, although there may be a
greatei selection of approach paths).

f. Area Navigation (RMV)

RNAV avionics and ATC interface automation could be used to achieve
direct routing and closely spaced multilane traffic routes. The fre-
quency of occurrence of potential conflict situa t ions could be reduced
by placing successive aircraft on the closely spaced parallel routes ;
hence, sector controllers could be relieved of some conflic t resolution
work. However, alterations to the basic decision-making logic are not
envisioned (i.e., the current thought processes would still be required
to move traffic and resolve conflicts, although there may be fewer con-
flict situations).

g. Conflict Probe

Conflic t probe advises sector controllers of potential conflict
situations and recommends resolution actions but operates over a sig-
nificantly longer prediction horizon than the conflict alert. To pro-
vide an operationally realistic time prediction horizon, we assume this
feature will be used when aircraft enLr a sector . Workload reductions
would reduce the conflict detection and assessment control task activ-
ity ; A/G coninunications would still be required to transmit resolution
instructions. Because a controller would need to assimilate the con-
flict probe ’s assessment and resolution recommendations into hts thought
processes, changes in current controller decision-making logic will be
necessary . (The questions of how and to what degree such changes in
logic would be made are topics for further research.)

h. Metering and Spacing (M&S~

M&S is a termina l ATC device designed to maximize airport runway
use through precise control of interarriva l t imes at runway thresholds.
Suggested con t ro l i n s t r u c t i o n s  on aircraft headings, speeds, and alti-
tude would be issued to TRACON controllers by the computerized metering
and sequencing opera tion. Some workload reductions r~ight be realized
because of the reduction in contro ller decisi on t im e s needed to assess
and determine aircraft sequence assignment and the reduction of poten-
tial conflicts along inbound flight pa ths. However, the process by
which the controllers assimilate the M&S recommendations into their
thought processes implies a need f o r  sec tor  c o n t r o l l e r s  to a d j u s t  their
current decision-making logic. (The method and degree of such adjust-
ment are topics for further research.)

Current UG3RD program concep t s define three levels of M&S--basic,
refined, and advanced . Basic M&S operates on airport arriva l traffic ;
refined M&S extends basic M&S by including departures and multiple air-
ports in complex term inal areas. l~’or the purposes of this research,
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basic M&S will not be considered since it is a part of refined M&S. Ad-
vanced M&S incorporates data link communications, which we treat as part
of control-by-exception automation.

i. Enroute Metering

Enroute metering, ~n extension of terminal M&S, would requ ire en-
route controllers to set up aircraft spacings in accordance with time-
varying terminal metering specifications . Sector controllers would need
to respond to flow control procedural restrictions in much the same
fashion as they now respond, but facility flow controllers would need to
adjust  their curr~ nt decision-making logic to conform to the enroute
metering operation. (The method and degree of such adjustment are topics
for further research.)

j. Automated Local Flow Control (LFC)

Automated LFC is designed to maximize utilization of sector capa-
ci ty by smoothing out traffic peaking situations. It would govern traf-
fic flow on routes by means of an on-line computerized traffic planning
process tha t regulates workload surges in accordance with the traffic-
handling capabilities of a multisector environment . By constraining
traffic peaks and their concurrent workload surges, LFC may be capable
of regulating congestion and alleviating delays. As in the case of en-
route metering,  sector con t ro l le r s  would need to respond to f low contro l
procedural restrictions in much the same fashion as they now respond,
but facility flow controllers would need to adjust their current decision-
making logic to conform to the loca l flow control operation. (The method
and degree of such adjustment are topics for further research.)

k. Centra l Flow Control (CFç)

Automation will introduce a dynamic on-line data update capability
into current CFC and related operations . The resulting improvement in
traffic demand estimation for major t e rmina l s  and along major corridors
would suppor t the other termina l and enroute flow metering and manage-
ment components and possibly affect decision-making logic at the facility
flow controller level. (The method and degree of impact are topics for
f u r t h e r  resea rch . )

3. Advanced Technology

a. Contro l Message Automat ion (QIA)

04A components are the bases of the control-by-exception opera tion
where the con t ro l le r  would become a system manager who is not routinely
engaged in all aspects of minute-b y-minute tactica l decision making but
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rather responds to specific situations of interest. The computerized CMA
operation will transmit to pilots such digital data as clearances and con-
flict avoidance directives. These transmissions would be compatible with
the enroute and terminal metering and flow management operations .

A cont roller may interface with CWt in severa l ways--for example,
(1) he may review and critically assess specific clearances and adviso-
ries recommended by the computer operation; (2) he may review and crit-
ically assess only the contro l strategies being used by the computer
operation; or (3) he may concentrate on maintaining and updating the ~MP~
data base and not perform any review and critica l assessment of opera-
tions. Considerable adjustments need to be made to the controller
decision-making logic to conform to the ~MA~ operation . (The method and
degree of such adjustmerts are topics for fur ther research.)

b. Da ta Link

Clearances and advlsor~~s generated by the ~MP. operation will be
transmitted to aircraft digitall y, ra ther than through voice communica-
t ion by controllers .

c. Discrete Address Beacon System (DABS)

DABS surveillance , as an alterna t ive to current ATCRBS, is intended
to provide high-reliability, high-accuracy, and high-ca pacity aircraft
situation data acquisition capabilities necessary to support control-by-
exception automa t ion. Da ta link capability is inherent in the DABS de-
sign and is an alternative to independent VHF/UHF da ta l ink .

d. Au tomatic Traffic Advisory and Resolution
Service (ATARS)

ATARS provides traffic advisories and t’ :eat avoidance commands to
pilots as needed. Since this service could operate on out-of-the-
ordinary imminent conflict situations , it is analogous to the conflict
alert except tha t commands are transmitted by means of da ta link . ATARS
would serve as a back-up to an advanced ATC system .’

B. Al ternat ive Technological Configurations

As a first step toward defining system configura t ions, the techno-
logica l components described in Sec tion  II.A were classified according
to the type of automation service they prov ide and their operationa l ap-
plication (see Table 2). Information aids are those components that en-
hance the quality or quantity of the information used by controllers or
facilitate data processing without necessarily changing the character of
a controller ’s thought processes (i.e., decision-making logic). Decision
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Table 2

AUTOMATION APPLICATION S

Opera t iona l A p p l i c a t i o n
Automation Service Sector Traffic Control Facility Flow Control

Information aids Airport surface traffic
contro l (ASTC)

Wind shear advisory I
Manua l wake vor tex
avoidance system (WVAS)

Automated data hand l ing (ADH)

Microwave landing system (MLS)

Area navigation (RNAV)

Discrete  address beacon system
(DBA S) surveillance

Decision aids Conflict probe Enroute metering

Automated  WVAS Automated loca l f low
control (LFC)

Refined metering and Automated central
spacing (M&S) flow control (CFC)

Decision Control message automation
automation ( CMA~)

Data l ink

Automatic traffic advisory and
reso lu t ion  sys tem (ATARS)
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aids begin to affect a controller ’s though t processes by recotmnending
decisions or conclusions . Decision automation enables controllers to
remove themselves to varying degrees from the decision-making logic and
therefore is the technologica l genesis of control-by-exception opera-
tions.

Although the classifIcation of technological components in Table 2
is a useful first step toward defining system configura tions, further
consideration of operationa l requirements is necessary. For examp le,
information aids, as a group, may be defined as one configuration, but
this configuration is not of ma jor  in teres t to this  research because
operationa l processes would not change significantly (other than con-
troller manual dexterity needs for operating with touch entry da ta pro-
cessing rather than keyboa rds and fligh t strips) . Major impacts of in-
formation aids on personnel characteristics and qualifications require-
ments are not foreseen; therefore, information aid automation will not
be examined as an independent system configuration.

Dec ision a ids are  app licabi n to two operations : enroute and ter-
minal ATC. The enroute configuration would consist of the conflict
probe , enroute metering , LFC “rid CFC, and predecessor enroute informa-
tion aid automa t ion. The termina l configuration would consist of re-
fined M&S, automated WVAS, CFC, and the predecessor termina l informa-
t ion aid automa t ion.

The decision automation components--CMA , data link, and ATARS--are
common to both enroute and termina l environments, but various strategies
may be conceived to use these components in a control-by-excep tion system.

As a result of the above observations , and with the aim of further
develop ing alterna t ive ATC system concepts , the following technological
configura tions have been devised (see Table 3)

• NAS /ARTS

• Enroute decision aid automa t ion

• Termina l decision aid automation

• Control-by-exception .

Note tha t these configurations are defined for the purposes of this
research . They are intended as investiga tive demonstrations of the dif-
ferent ways in which automa t ion migh t be implemented and are not meant
to represent FAA-specified configuration designs . For the purposes of
this stud y, implemenL~ tion of the components is assumed , but the timing
and extent of implementation have not been determined .
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Table 3

ALTERNATIVE AIR TRAFFIC CONTROL
SYSTEM CONFIGURATIONS

Configuration Technologica l Component

MS/ARTS NAS Stage A
ARTS III
Conflict alert
Minimum safe altitude warning (MSAW)

Enroute NAS
decision aid + Informat ion  a i d s
au toma tion + C o n f l i c t  probe

+ Enrou t e  me te r ing
+ Automated  local flow control (LFC)
+ Automated centra l flow control (CFC )

Terminal ARTS
decision aid + Information aids
automation + Refined metering and spacing (M&S)

+ Automated wake vortex avoidance system (WVAS)
+ Automated central flow control (d C)

Control-by - Enroute/terminal decision aid automation
exception + Control message automation (~M)

+ Da ta l ink
+ Automatic traffic advisory and resolution
service (ATARS)
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I l l HUMAN CONTROLLER AND AUTOMATiON ROLES

In this sec t ion  a d e s c r i p t i o n  of the sector ATC operation is devel-
oped and the roles played by human operators and c omputer for current and
future technological configurations are postulated .

A. Sector_ Con t ro l Processes

The sector ATC ope ra t ion  is primarily concerned wi th servicing sep-
aration assurance requirements and secondarily with servicing the expe-
ditious movement of a i r c r a f t  along their respective flight paths. The
sector  con t ro l operation can be described as a set of log ic  processes
that are followed by controllers in order to carry out their decision—
making functions. The operation is structured into a set of procedures ,
operation rules , and responsibility assignments to provide the flight
services. Based in part on obsErvations of FAA contro l facilit y op-
erations and in part on the analytical requirements of this research ,
the bas ic pro cesses of sector control were conceptuali xed as follows
(see Figure 2):

Sector traffic flow planning

Aircraft flight path planning

Separation assurance decision making

Fligh t Information decision making

Control message transmission .

1. Sector Traffic Flow PLinn i ng

Sector traffic t iow planning is the process by whl h the overall
procedural plan for organizing and moving traffic through a terminal ‘r
enroute sector Is defined. The sector traffic flow pl an Is a specifica-
tion of the preferred routing and associated altitud e , speed , and spacing
restrictions required within the se tor and at sector boundaries . The
sector traffic flow plan Is set up In response to changes in t~ circum-
stances under which the sector is to operate and , as ,o,ch , conforms to
constraints imposed by sector ATC equipment operating status (e.g., VOR
outage , runway closore ); weather status (e.g., wind direction , f ront al
a (tivity, turbuIan~e); tr at fi congestion; and external procedura l con-
straints (i.e., flow con t rol route restrictions , or altitude , spee d ,
and In—t rail spacing restrictions at seztor exit boundaries). A sector
traffic flow plan desi gned to satisf y the above changes may prescribe
route diversions around weather front activity, tunneling routes under
other congested route’s, a revised airport approach and departur e plan

Ii



SECTOR TRAFFIC FLOW PLANNING

1~AIRCRAFT FLIGHT PATH PLANNING

1
SEPAR4TION ASSURANCE DECISION —

M A K I N G

FLIGHT INFORMATION

DECISION MAKING

_______________

lip.
CONTROL MESSAGE TRANSMISSION

FIGURE 2 SECTOR A I R  T R A F F I C  CONTROl. PROCESSES
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for a new wind direction, or altitude and speed controls for facility
flow control. A sector traffic flow plan established for one sector may
i~po.e procedura l constra ints on an adjacent sector; that is, a sector
traffic flow plan may~4nc1ude altitude and speed controls on incoming
aircraft at sector ent~~r~boundaries that must be observed by the upstream
sectors.

2. Aircraft Fligh t Path Planning

Aircraft flight path planning is the process by which the flight
trajectory intentions for aircraft coming into a sector are finalized
and made to conform with the sector traffic flow plan. The flight path
plan may coincide with the computer-filed fligh t plan (as requested by
the pilot or as cleared through upstream control sectors) or as a modi-
fication to the computer-filed fligh t plan. Such modifications are made
to fit the aircraft into the current sector traffic flow plan. For ex-
ample, routing and procedura l restrictions associated with route diver-
sions around weather front activity, tunneling under congested routes,
reversed airport approach and departure operations for a new wind direc-
tion, or altitude and speed controls for flow control may be in conflict
with the computer-filed fligh t plan. In such cases, a new flight path
plan is defined which preempts the filed plan but meets the route, alti-
tude , and speed restrictions of the sector traffic flow plan.

The sector traffic flow and aircraft flight path planning processes
provide preliminary, or first-cut , separation services in that they pre-
clude the development of untenable traffic congestion situa tions. The
impimi~entation of altitude and speed restrictions often serves to pro-
ceJurally sepa rate flows of traffic and thereby prevents subsequent con-
gestion situa tions where minute-by-minute separa tion of individual air-
craft would be extremely difficult.

3. Separation Assurance Decision Making

Separation assurance decision making is the process by which indi-
vidua l aircraft are kept free of conflicts with other aircraft. The
tracks and projected trajectories of aircraft are monitored to detect
potential f u t u r e  pairvise v io l a t i ons  of separation rules between aircraft.
The process operates by following ind ividua l aircraft on a continua l
basis rather than by monitoring aggregate traffic flows and congestion
situations . The intention is to guarantee the safe movement of the air-
craft along the next Segment of its flight trajectory by clearing the
aircraft from point to point along its flight path plan. Where a pair-
vise separation violation is pro jec ted , a flight path modification is
necessary to resolve the potentia l conflict situation . The c on f l i c t
resolution action may be tactical--whereby flight trajectories are time
separated by precisely controlling vectoring, speed, or altitude maneu-
vers--or proc.dural--vhereby fli ght paths are spatially separated by as-
a igning nonintersecting routes or altitudes. The separatio~: sssurance
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decision-making process results in the selection of specific clearances
and advisories for subsequent transmission to aircraft.

4. Fligh t Information Decision Making

Flight information decision making is the process by which the data
needs of individua l aircraft are served after separation assurance is
performed. This process identifies control requirements that have not
been satisfied by the separation assurance process for routinely moving
aircraft along conflict-free flight segments (i.e., where potential con-
flicts are not in existence) and for the issuance of additional instruc-
tional or advisory information (e.g., A/G frequency change, weather data ,
airport operationa l situation, navigationa l instruction). The flight
information decision-making process results in the selection of specific
clearances and advisories for subsequent transmission to aircraft.

5. Control Message Transmission

Control message transmission is the process by which specific clear-
ances and advisories are issued to aircraft and pilot responses are re-
ceived .

The sector control processes described above are simplifications of
real-world sector control operations, and they segregate certain control
actions that are actually performed in an integrated manner. However,
the processes were defined so that their descriptions not only include
and represent the primary opera t ional requirements of sector traffic con-
trol but also are amenable to subsequent analyses of automation impact.
In particular , each contro l process definition lends itself to the for-
mulation of system descr ip t ions  tha t d i s t ingu i sh  the operational activ i-
ties of the human controller and the computer.

B. Alternative Systems Operations

On the basis of the contro l process definitions presented above and
the technologica l configurations developed in Section II , the following
alternative systems of sector control operations were defined :

• System 1: NAS /ARTS

• System 2: Enroute Decision Aid Automation

• System 3: Terminal Decision Aid Automation

• System 4: Control-by-Exception (Level I)

• System 5: Control-by-Exception (Level II)

• System 6: Control-by-Exception (Level III).
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These systems were developed by specifying plausible control process re-
sponsibilities fcr the human controllers for each ‘technologica l config-
uration and by considering alternative means of using the control-by-
exception technology . We describe below the primary role of the controller
in the control processes for each system . Table 4 suaxnarizes these roles
and shows an evolution of increasing levels of automation sophistica tion
and responsibility beginning with the NAS/ARTS system .

NAS/ARTS--The controller performs the decision-making requirements
of each control process (except for the automated conflict alert and MSAW
searches for emergencies).

Enroute Decision Aid Automation--The controller continues as the
primary operationa l planner but calls on the conflict probe to search and
assess potentia l conflicts.

Termina l Decision Aid Automation--The controller critically reviews
sector traffic flow plans, aircraft flight path plans, and separation as-
surance and flight information clearances and advisories recommended by
the computer operation (in which M&S is the dominant automation technol-
ogy). The controller issu es a l l  c learance and advisor ies by mean s of
voice A/G radio coantunications .

Control-by-Exception (Level I)--The controller critically reviews
sector traffic flow planning, aircraft flight path planning, and separa-
tion assurance cleara nces and advisories recocunended by the control mes-
sage transmission . In this process, the controller ’s attention is cen-
tered on planning operations and on the details of the critical separation
assurance activities; he does not critica lly assess the computerized flight
information decision-making process. Clearance and advisories are issued
by data link, except for those few messages requiring voice relay by the
htm~an (e.g., conununications with non-data-link aircraft).

Control-by-Exception (j~evel Ifl--The controller reviews (without
critical assessment) and accepts the computer-reconinended sector traffic
flow and aircraft flight path plans (i.e., he maintains cognizance of the
planning operations without directinh them). The con t ro l l e r  c r i t i c a l ly
reviews the strategies reconinended by the control message transmission ;
he does not review and assess the specific clearance and advisories as-
sociated with automated separa tion assurance and flight information de-
cision mak ing. His attention is concentrated on the critica l separation
assurance events, although the detailed control message requirements are
not evaluated . Clearances and advisories are issued by data link, except
for those few messages requiring voice relay .
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Control-by-Exception (Level lIp--The controller is removed from all
review and assessment operations . He processes data not otherwise acces-
sible by the computer operation, monitors conflict alerts , and occasion-
ally relays voice messages when appropriate.

C. Control Functions

Each control process was described at a level of detail tha t allowed
an analysis of the specific items of compatibility between the human con-
troller and the computer. Thus, each process was divided into component
subprocesses called “control functions,” which are sets of control actions
that may be performed by the controller or the computer , depending on the
specific technological configuration under consideration. Table 5 pre-
sents the control functions and their allocations for each of the six
alterna tive systems .

The control processes and functions for each system are described in
detail in Appendixes A through F. It is recommended that the reader re-
view the appended material to appreciate the underlying thought processes,
manua l activities, and data transfer transactions required by the control-
ler and the computer for each system . The materia l in Appendixes A through
F was given to the raters as part of the system descriptions used for hu-
man factors assessment. The raters were also given more detailed descrip-
tiona of each contro l function . These descriptions, which are not in-
cluded in this report, parallel the control function summaries included
in Appendixes A through F.
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IV RATING DATA

In order to rate the alternative ATC systems and control process
functions, 17 factors were identified in the areas of job satisfaction
and motiva tion, man-machine interface, and failure mode operations (see
below). Human factors psychologists and personnel specialists partici-
pated in defining these factors and in designing a scoring metric , in
addition, previous work in the field of general and controller human
factors was used for reference .

1 —

~~~~

Job Satisfaction and Motivation

I. Achievement--work alignment
2. Recognition
3. Responsibility
4. Control authority
5. Utilisetion of perceived skills
6. Challenge--discretionary flexibility
7. Performance feedback
8. Interest

Man-Machine Interface

9. Vigilance
10. Stress
11. Intricacy
12. Restrictiveness
13. Rigidity
14. Decision making

Failure Mode Operations

15. Failure recognition
16. Failure recovery
17. Failure operations

A host of job satisfaction and motivation factors in addition to
those listed above are relevant to the genera l study of the impacts of
automation on human controllers. Such factors as opportunity for ad-
vancement, interpersona l relations with peers and supervisors, working
conditions , personal life , and salary were not included because the
complexity of the analysis required was beyond the scope of this pre-
liminary research into human factors issues.
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A. Rating Procedure

The 20 raters were given a rating form for each system and were in-
structed to score selected control functions relative to particular fac-
tors as specified on the forms . The scoring was made using an integer
rating scale, or metric , ranging from 1 to 5. The lowest rating value,
1, represents the least desirable job environment; the highest rating
value, 5, represents the most desirable job environment. The factors
and rating procedures are described in Appendix C; sample rating forms
for each system are included in Appendix H.

8. Rating Data Results

The r a t i n g  scores were processed by computer to obta in the  average
responses of the sample set of raters. The resulting human factors aver-
age ratings for each function of each system are summarized in Appendix
I. These raw data were further processed to account for individua l bi-
ases when some raters responded consistently with very high or low scores
while others did n .t. The average rating s were adjusted to remove the
effects of individ ia l biases, and the unbiased average rating s presented
in the graphs in Figures 3, 4, and S were obtained. A ma thematical state-
ment of the bias adjustment calculations is included in Append ix J.

The graphs in Figures 3, 4, and 5 show the perceptions of the raters
in regard to human factors as automation increases. (Recall tha t in-
creases in ra tings represe nt increasingly des irable job environments.)
The average ratings for job satisfaction and motivation (Figure 3) are
generally highest for System 1 (NAS/ARTS) and usua l l y decrea se as each
succeeding system is examined. Conversely, the ratings for man-machine
interface (Figure 4) are lowest for System I (for all factors except
fac tor 11) and generall y cons tant or higher for each succeeding system .
The ratings for failure mode operations (Figure 5) show less consistent
trends.
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V DATA ANALYSIS

The approach se l ect ed  to a n a l y z e  the r a t i n g  da ta  involved comparing
the f ive proposed future systems with the NAS/ARTS system . The ratings
given to each control function were examined to identify critica l factor
and function pairs for each system . The significance of these pairs in
terms of both the overall contro l process and the role of the controller
in future system s was analyzed. The observations discussed below were
derived from the analysis.

Some factors were rated similarl y in all systems and therefore were
jud ged to be “not significant ” in terms of automa t ion impact. Such fac-
tors include control authority, feedback , decis ion making , restrictiveness ,
intricacy, and rig idity.

The automation of a monitoring or decision-action -function results
in an immediate and significant reduction in the rating of certain job
satisfaction and mo t ivation factors--recognition , responsibility, sk ill
ut ilization , ch a l l e n ge, and interest. This rating reduction is most
often accompanied by a s ignificant decrease in stress , as the controller
relinquishes personal responsibili ty for the performance of a task to
the computer.

In System s ~ and 3 (Enrout~ and Termina l Decision Aid Automation)
and System 4 (Control-by-Exception , Level I) , the decision-action func-
tion is automated but the controlle r still perform s a manua l assessment
function , such as reviewing and revising computer output , tact ica l clear-
ances and advisories , or strategy. The reduction in ratings of job sat-
isfaction and motivation factors caused by automating decision-action
functions is compensated for by the relatively high ratings for the man-
ual assessment func t ions in effect , the raters may be ind icating that
a controller would recei as much satisfactio n ; feel as much challenge ,
i n t e r e s t , and responsibility; and use the same skills for reviewing and
revising the computer as when he pertormed the original unautomated
function The raters also considered the assessment function l~~ss stress-
ful than the origina l monitoring or decision-action function perhaps due
to the ir perception of a compu L -r j s  a vigilant , tireless monitor that
is well equipped to apply logical rules to certain decisions.

For the separation assuranc~- process , rat ers probably felt that the
manua l assessment function of revising a computer ’s recommended strategy
and tactica l decisions for avoiding conflict was almost as s t r e s s f u l  as
when a controller makes those decisions himsel f. However, in the area
of job satisfaction and mo t ivation , a con t rol l e r  der ives a sense of re-
sponsibility, challenge , and interest from revising and reviewing the
computer ’s decisions . A sense of recognition is gained from revising a
computer ’s plans ; recognition was not rated as high for reviewing a com-
puter ’s plans .
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The high ratings given to job satisfaction and motivation factors
because of manua l assessment functions are reduced as the revision task
is eliminated in System 5 (Control-by-Exception , Level I I )  and the re-
view task is eliminated in System 6 (Control-by-Exception , Level III).

The raters were concerned with equipment failure only in the highly
critica l separation process in System 6 where the controller may not be
cognizant of the tactical traffic situation.

The remainder of this section reviews the procedures and analyses
used to develop the above observations.

A. Identification of Critica l Factor and Function Pairs

The control function composition of each system changes as succes-
sive levels of automation are developed (see Table 5). Using System I
(NA S/ARTS) as a bas is for comparison , each function of System 1 is either
modified or eliminated as future systems with more automation evolve ; in
some cases , new func t ions not present in System 1 are added for the fu-
ture systems . To identif y mean ingful impacts of the new systems on the
17 human factors , the adjusted (unbiased) average ratings for the func-
tion and factor pairs (derived from the raw data presented in Appendix 1)
were examined .

The pairwise factor-function ratings in System I were used as the
baseline , and the maximum ratiflg change of a factor and function pair
between System 1 and any othe. system was identified--tha t is, the ar ith-
metic difference between a aystem factor and function pair rating and a
corresponding rating (if scored) for each of the other systems was cal-
culated and the greatest absolute value of these differences was defined
as the maximum rating change. The resultant maximum rating changes were
found to be distributed bimodally; exac tly half of the maximum rating
changes were less than 1 in absolute value. This distribution was judged
to be significant because a score change of I or more ensures that a
rater ’s percep tion of the pair has shifted substantially--in fact to a
differe nt level on the rating scale. In addition , concentrating on the
remaining critical pa irs makes the analysis much more tractable (an im-
porta nt consideration when a great deal of data is being analyzed) .

The factor and function pairs with maximum rating changes equa l to
or greater than I (relative to System 1 scores) were defined as critical.
Howeve r, th is criterion does not consider certain functions tha t are in-
troduced into Systems 2 through 6 as automa t ion is increased and whose
ratings could not be arithmeticall y compared with those of System 1 be-
cause of a lack of correspondence in functiona l descriptions. In such
cases , any new function that causes a rater to rate a factor very high
or very low would be significant; those functions eliciting only ambiv-
alent responses would not be. Therefore , a second criterion for criti-
c a l i ty wa s def ined : for  any system other than System I, a factor and
function pair (tha t is not scored in System I) is significant if its
average rating is neither greater than 4 nor less than 2. (Recall tha t
the rating scale ranges between I and 5.)
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Figure 6 shows which factor and function pairs are significant by
each criterion and identifies the system in which the pair first becomes
critical. For example , function 3 (determine flow plan) was found to be
critica l relative to factor 2 (recognition) in System 4. The signifi-
cance criterion in this case was a maximum rating change of at least 1.

B. Analysis of Critical Factor and Func t ion Pairs

The analysis of critical factor and function pairs identified in
Figure 6 addressed the opera t ional implica t ions of the critical pairs in
the context of five control processes--sector traffic flow planning, air-
craft flight path planning , separation assurance decision making, flight
information decision making, and contro l message transmission. These
operationa l interactions were examined to develop an understanding of
the reasons why ra ters perceived certain factors and functions as crit-
ical.

The contro l process functions were grouped according to the opera-
tional roles assigned to the human controllers . The control functions
listed in Table 5 were aggregated into one of three subprocesses:
(1) monitoring ; (2) taking action (or making a decision) ; and (3) as-
sessing the results of a computer-generated plan or alarm . The first
two subprocesses can be automated ; the third is a by-product of automa-
tion and is found typ ically in Control-by-Exception , Levels I and II.
The assessment process often rep laces a mon itoring or ac t ion task taken
over by a u t o m a t i o n  and thus serves as compensation to the controller.

I. Sector Traffic Flow Planning Process

In the sector traffic flow planning process, as it is implemented
today (see Table 5), a controller monitors data describing changes to
the sector equipment and wea ther status, procedural constraints imposed
by other sector or flow controllers , and the aggregate traffic situa t ion,
and then defines and coordinates a sector traffic flow plan. Automation
p lays no part in the decision-making process. The control functions im-
plemented in System 1 can be broken down into three control subprocesses:
(1) the controller monitors status changes (monitoring) ; (2) determines
a flow plan (decision-action) ; and (3) issues the flow plan (action).
In System 3 (Termina l Decision Aid Automa tion), the computer reviews the
sector ope ra t ing  s t a t u s  and de f ines  and d i s p l a y s  a sector t r a f f i c  f l o w
plan. Two action func t ions have been automated and taken away from the
controller, but in return the controller performs two assessment func-
tions : he reviews and revises the computer-recommended plan. As auto-
mation increases in Systems 5 and 6 (Control-by-Exception Levels II and
III) , these assessment functions are reduced and finally eliminated as
the controller is no longer required to monitor the computer.

As indicated in Figure 6, the sector traffic flow planning process
has two critica l functions : determination of the traffic flow plan (ac-
tion) and issuance of the flow plan (action). Beginning with System 3,
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there is a significant reduction in rating for severa l job satisfaction
and motivation factors: recognition, responsibility, skill utilization,
challenge, and interest. Although the controller was given responsi-
bility for two assessment functions, the raters felt that these tasks
did not adequately compensate for tasks that were previously performed
manually, as the ratings for the functions were about average. It can
be concluded that the performance of the sector traffic flow planning
process is regarded as a satisfying challenge . Substituting assessment
functions for this process is not compensatory because the challenge has
been preempted by the computer.

The stress associated with determining the sector traffic flow plan
is seen to be reduced as automated equipment takes over the function .
The substituted assessment function also received a significant rating
indicating low stress. The tasks of reviewing and revising the computer ’s
plan v&re not considered stressful because raters regard the computer as
competent to perform this planning function. This observation is corrob-
orated by the significant score given to the assessment function in de-
cision making: raters regarded the review of a computer ’s flow plan as
relatively easy (in fact, easier than reviewing a plan manually)

2. Aircraft Flight Path Planning

In the aircraft fligh t path planning process, either a controller or
automation monitor change aircraft flight plans, tracks, and the traf-
fic situation and define a flight pa th plan for each aircraft in the sec-
tor. This process is performed automatically in Systems 3 through 6
(Terminal Decision Aid Automa t ion and all cti~~~~” levels of Control-by-
Exception). In Systems 3 and 4 the controller reviews and can revise
the computer-recousnended fligh t path plan; in System 5 the controller
reviews the plan withou t critical assessment; and in System 6 there is
no human involvement in this process.

The aircraft flight path planning process fits the subprocess aggre-
gation since it has a monitor function , decision-action function, and an
assessment function (composed of the review and revise functions) . Be-
ginning with System 3, the assessment func t ion is substituted for the
monitoring and decision-action functions; in System 5, however , it be-
comes passive as the controller is expected only to review the computer-
recossnended flight path plan. The assessment function is taken away
completely in System 6. The job satisfaction and motivation factors of
recognition , responsibility, skill utilization , challenge , and interest
are all rated significantl y low for both the monitor ~nd decision-action
functions (see Figure 6). Interestingly enough, the monitor function is
rated significantly lower in recognition only in System 5, where the
controller is expected to review the computer-recommended flight plan to
stay abreast of development but not to critically assess it. The con-
troller ’s interest does not wane significantly until System 6 when he
has no part whatever in the flight path planning process.
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The amount of~vigilance required to monitor changes in the traffic
flight path plans is reduced significantl y when that function is auto-
mated . Similarly, the amount of stress involved in determining a flight
pa th plan for an individual aircraft is reduced when that function is
automated in System 3. Substituting assessment func tions for the moni-
toring and decision-action functions had no significant effect. The
raters judged the assessment functions to be approximately average with
respect to both job satisfaction and motivation and man-machine inter-
face factors.

3. Separation Assurance Decision-Making Process

The sepa ra t ion  assurance  decis ion-making process is the most tactica l
of the control processes and includes some of the most important func t ions
performed by the controller. In the current NAS/A.RTS system, the control-
ler monitors changing aircraft , track , and traffic situations; searches
for contro l intervention situations; identifies potential conflicts; and
def ine s and coordinates  c l e a r a n c e s  and advisor ies to resolve conflicts.
The controller also responds to computer alerts for emergency situa tions
(conflict alert and MSAW) . In System 2 and all higher-level automation
systems, a conflict probe automa t ically identifies potential conflicts
and recommends resolution actions. Beginning with System 3 the controller
is not even required to monitor all routinely changing aircraft traffic
situations ; he is responsible , however , for rev iewing and revising the
compu ter ’ s recommended resolution of a potential conflict. This assess-
men t function is reduced in System 5 where the controller is required to
modify the computer ’s stra tegy for resolv ing potential conflicts but not
to review the details of clearance and advisory messages. By System 6
the controller ’s only role is to monitor the computer ’s repor t of an im-
minent emergency conflict situation. He has no active role and is re-
quired ne i ther to determine specific clea rances and strategies nor to
revise a computer ’s plans. The controller only monitors pilot traffic
situation voice reports from an occasiona l aircraft tha t is not equipped
with data link .

Although the separation assurance decision-making process has a
relatively large number of functions compared with the other control
processes, it can still be broken down into monitoring, decision-action,
and assessment subprocesses. (‘The functions making up these subprocesses
may not be contiguous in the system descriptions.) The monitoring sub-
process involve s maintaining awareness of the air traffic situation and
searching fo r po ten t i a l c o n f l i c t s  and i n t e rven t ion  ac t ion .  The decision-
action subprocess consists of confirming conflict s and determining spe-
cific clearances and advisories. The assessment subprocess consists of
rev iewing and revising a computer ’s recommended clearances and advisories
as well as developing overall strategy for avoiding conflict. The first
monitoring function in the process (func t ion 11, where the routine air
traffic situatio n is moni to red )  is downra ted  for the job satisfaction
and motivation factors starting with System 3, the first system in which
that function is automated . This is one of the prima ry jobs of the air
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traffic controller , and its loss is felt in recognition, responsibility,
skill utilization , challenge, and interest. The raters indicated , how-
ever , that less vigilance would be required once the monitoring of the
routine air traffic situation were automated , and thus the level of stress
on the controller would be reduced . Ano ther monitoring function in this
separation assurance process (function 15) is the conflict alert system
implemented to detect Imminent conflict situations. This function is
considered to be full y automated throughout all the systems under con-
sidera t ion, but is given a low rating in terms of responsibility, skill
utilization , and challenge only in Systems 5 and 6. This reduced rating
corresponds to the controller ’s reduced participation in the entire sep-
aration assurance process. The raters also felt a reduction in stress
beginning with System 3, where automation and integration of the func-
t ions concerned with planning and conf l i c t  avoidance become more complete.

The decision-action subprocess is composed of three functions. In
function 17, the existence of a potential conflict is confirmed; in 18,
a strategy to resolve the potentia l conflict is developed ; and in 19,
specific clearances and advisories are determined . The automation of
these functions beginning in System 2 causes an immedia te and signifi-
cant drop in the ratings of recognition , responsibility, skill utiliza-
tion , challenge , and interest. Simultaneously, a significant reduction
in s t ress  on the con t ro l l e r  is recognized. Although func tions 17, 18,
and 19 are now handled automaticall y, func tion 20 reviewing the com-
puter ’s assessment and recommended conflict resolu tion, seems to com-
pensate for their loss (see Figure 6). The recognition factor is not
rated above average for func t ion 20; the reason for this may be tha t,
although the raters see the review function as a challenging and inter-
esting task tha t utilizes controller skills and requires a great amount
of responsibility, the controller per se will not receive recognition
for reviewing a computer ’s assessment of a conflict. The raters did see
a significant increase in recognition for performing the revision func-
tion . Revision is an active , creative process; review is a passive one .

Beginning in System 2, the s t ress  to a con t ro l l e r  is reduced w i t h
the automation of the decision-action function. This is consistent with
the rater ’s judgment of stress as other monitoring and decision-action
functions become automated . However, for this process, the assessment
func t ions are negatively compensatory in tha t the raters saw an increase
in stress as the controller revised the computer-generated strategy,
clearances, and advisories. [This fact is not indicated in Figure 6 be-
cause the degree of stress narrowly missed the criterion used to produce
the f igure (stress was judged at 2 .1 for System 2; the cutoff value was
2.0).)

The separa t ion assurance decision-making process is the only control
process for which failure mode factors received critica l scores. These
scores were received in System 6 for the routine monitoring function
(function 11) and the conflict alert system (function 15). it can be
concluded that the raters were most concerned with tactica l contro l of
the sector and felt that problems would arise if the controller were en-
t irety removed from the loop.
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Rater responses and remarks concerning failure mode factors indicate
that the descriptions of failure recovery operations were not precise
enough to enable a rater  to appreciate f u l l y  f a i l u re consequences. There-
fore , critical failure mode factor scores could have been received for
other systems had failure operations been described in more detail.

4. Flight Information Decision-Making Process

The flight information decision-making process consists of identi-
fying the flight path clearance and information needs of each aircraft
that have not been satisfied as part of the separation assurance process.
In the current NAS /ARTS system this process is performed manually. In
System 3 the computer identifies and electronically displays advisories
or clearances which the controller reviews and accepts or revises. He
also prepares supplemental advisories required by the aircraft. In Sys-
temS 4 through 6 the flight information decision-making process is per-
formed automatically with no human involvement .

The process can be broken down into three subprocesses. The moni-
toring and decision-action functions are performed more or less simul-
taneously as the controller or computer determines specific clearances
and advisories as the need arises. The assessment function consists of
the controller reviewing or revising the computer-recommended fligh t in-
formation and adding advisories as necessary . Some of the job satis-
faction and motivation factors (recognition , responsibility, skill uti-
lization, challenge , interest) are rated significantly lower beginning
in System 3, when the monitor ing and decision-action func t ions  becam e au-
tomated. The substitution of an assessment function for these functions
does not seem to compensate the controller , however, since the assess-
ment function is given only an average rating . The monitoring and
d e c i s i o n - a c t i o n  functions are rated only sl ightly lower in Systems 4, 5,
and 6 (where there is no assessment), which indicates that the perfor-
mance of the assessment function holds little significance for a con-
troller.

5. Contro l Message Transmission Process

The control message transmission process in the current NAS/ARTS
system consists of a controller issuing voice clearance and advisories
and updating paper and computer records. In System 4, the automatic
machinery issues clearances by data link and ele ~ronically displays
flight plan data updates. The controller confirms the clearance issu-
ance by the computer and relays by voice the computer-generated clear-
ances for non-data-link aircraft. Thus, beginning with System 4, the
controller plays no part in the contro l message transmission process
other than to interact with non-data-link aircraft. This has an adverse
effect on the rater ’s judgment of recognition , responsibility, skill
utilization , challenge , and interest. Neither the substitute action
function--relaying clearances--nor the substitute func tion--reviewing
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the computer-delivered clearances (System 4 only), are rated higher than
average for any job satisfaction and motivat fon factor. Thes~ functions
are therefore not seen as compensatory for manual delivery of clea rances
and information to all aircraft--a controller ’s sole interaction with
pilots that is rated high in responsibility and recognition. The descrip-
tions developed for the Control-by-Exception systems (Systems 4, 5, and
6) assume that only occasional aircraft would be without data-link equip-
ment . Considering the relative infrequency of the necessity to relay
clearances, and the fact that the controller is acting only as a conduit
for computer-generated messages, it is easy to understand the raters ’
lack of enthusiasm for the substitution functions .

The amount of vigilance required to perform the monitoring iunction
is reduced significantly in System 3 as is the stress involved in de-
termining the specific clearances and advisories. The raters judged
that little stress was produced by the assessment function , so there is
no negative compensation in this case.

39



VI CONCLUSION S

The resul ts of this first-cu t study of the impact of automation on
air traffic control indicate tha t automation tends to reduce both the
human rewards and the stress associated with ATC system operations.
However, this reduction can be moderated to a degree by the introduction
of new control functions into future ATC operations.

In Sys tem I (NA S /ARTS ) , the leas t automated of the ATC system con-
figurations, the performance of planning and tactical control functions
requ ires a high degree of intellectua l involvement. Controllers have
d irec t au thor ity and respons ibil ity for ATC system operations and are
held accountable for their actions. They der ive rewards in terms of job
satisfaction and mo tivation, but they also experience stress. The po-
sition of authority and responsibility held by today ’s controller re-
quires a commensurate degree of technical expertise and a commensurate
capab ili ty to app ly the exper tise . A controller ’s technica l expertise
results from his extensive training in the complexities of ATC opera tions
and his ability to mentally structure spa tial relationships and logically
assess the consequences of control actions . Today ’s controller must ag-
gressively use highly  specialized knowled ge to make command decisions in
a time-critical environment , coord inate his decisions with other con-
trollers, and issue his decisions to pilots. The controller interacts
with machines to obtain and process information and with other humans to
negotiate and carry out decision making.

In System 2 (Enroute Decision Aid Automation with conflict probe),
where the controller is required to review and revise computerized con-
flict resolution recossnendations, little overall impact of automation on
either job satisfaction and motivation or stress was perceived , apparentl y
because highly deve loped skills are still required to criticall y rev iew
tactica l contro l actions .

As planning and tactica l contro l func t ions become more automated,
the reduction in huma n planning and tactica l control functions become
more automated , the reduction in human rewards and stress becomes more
pronounced . System 3 (Termina l Decision Aid Automation with metering
and spacing) and Systems 4 and 5 (Control-by-Exception , Levels I and II ,
with control message automation and data l ink) require controllers to
rev iew computer-generated plans and tactical control opera t ions . The
au tomation of planning functions removes much of th.e d irect human inter-
actions among controllers and does not appea r to introduce new control
functions that significantly compensate for the loss of job satisfaction
and motivation . However, automation of plann ing f unc t ions in Sys tem 3
was perceived to reduce stress. A reduction in stress and job satLsfac-
t ion due to automating tactica l contro l functions was evident in System 5
where con t rollers review conflict resolution strategies rather than the
details of clearance and advisory messages. Although the review functions
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retained by the controllers in Systems 3, 4, and 5 r e q u i r e  a work ing
knowledge of ATC operations, controlleib experience fewer opportunities
to aoply their expert skills .

In System 6 (Control-by-Exception , Level Il l) job satisfaction and
motivation rewards and stress are largely removed. The job of the con-
troller is relegated to inputting and processing miscellaneous data .
Controller skills required for this system need not be as high ly developed
as those of predecessor systems. As a result , controllers would be less
competent to handle failure situ at ;-ns and wou ld be much less l ikely to
ma intain awareness of the tactical si~ctor situa t ion.

In summary, System 2 seems to he the most promising of the future
systems in terms of compatab ility between operational design and human
factors. The conflict probe of System 2 would enable controllers to ap-
ply expert skills to critically review computerized actions and there-
fore would not severely l imi t their ability to exercise high ly  tra ined
capabilities. System 6, where the con t roller is almost completely “out
of the loop” but acts as overa l l  systems manager , would be acceptable
given a radical change in both the type of person performing the job and
the training received . This of course assumes technological components
of such quality and redundancy tha t a controller could be removed com-
ple tely from the tactica l ATC situation.

Because Sys tems 3, 4, and S reduce the opportunities of today ’s
controllers to apply their expert skills , inconsistencies between human
expectations and rewards, would result. For these systems , highly
trained contro l skills equivalent to those of today ’ s controllers would
be necessary if the controller is expected to perform recovery operations
in the event of automation failure. Underutilization of these expert
sk il ls , caused by removing the planning functions from the job respon-
sibilities of controllers, appears to account in large part for reduc-
tions in job satisfaction and motiva t ion rewards. Such underutilization
of expert skills could also undermine the capabilities of controllers to
respond to failures , regardless of their training .
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Appendix A

SYSTEM 1: NAS/ARTS

Operationa l Overview

Technological Components

The current enroute NAS Stage A and terminal ARTS III ATC operations
include air/ground (A/C) and interphone voice communications ; automated
f l i ght data processing/forwarding ; air traffic contro l radar beacon sys-
tem (ATC RBS); automatic tracking displays with alphanum erics (including
Mode C and reported altitudes and ground speed); automatic and manua l
d isp lay fil ters; surveillance data mosaicing (enroute only); simp l ified
clearance/coord ination procedures; conflict alert; minimum safe altitude
warning (MSAW); and central flow control.

Sector Control Operation

The NAS/ART S computer o p e r a t i o n  processes , forwards , and p resen t s
aircraft situation and flight plan da ta and control system data. The
enrou te and termina~ sec tor controller(s) performs the decision-making
requirements of each control process. He determines sector traffic flow
plans (in coordination with other secr~’r and flow controllers); defines
flight path plans for aircraft under his jurisdiction ; formulates stra t-
eg ies , clearance , and adv isories for  separa tion assurance and f l ight
information requirements; and issues all control messages using A/C voic e
communica tions. These control activities may be preempted by cont ict
a le r ts or MSAW s, which the controller reviews and resolves by A/C voice.

To obtain and exchange data needed to carry out his responsibilities ,
the controller systematicall y scans a PVD traffic situation presentation,
cond ucts A/C voice communications with pilots , coordinates with other
controllers by means of interphorte voice communications , reads computer-
processed messages on a computer readout device (CRD ) , manuall y arranges
and updates (b y handwriting) paper fli ght strips , and manuall y inputs
computer  informat ion b y means of t r ackbal l  and key board da ta  processing
devices.

Contro l Process Roles

The control process roles for the NAS/ARTS system are given in
Table A-i.
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Table A -i

SYSTEM I : NAS/ART S CONTROL PROCESS ROLES

*
Control Process Role

Sector t r a f f i c  M : The h u m a n ( s )  monitors data describing changes to
flow planning the sec tor  equi pment and weather s t a tus , proce-

dural cons t rain ts imposed by other sector or flow
controllers , and the aggregate traffic situation
and def ines and coordinates a sector traffic flow
p lan .

A: The computer(s) processes routine fligh t p lan and
sector operating situation data with paper and
elec t ron ic disp lays.

Aircraf t flight M: The human(s) monitors chang ing aircraf t flight
path planning p lan , track , and traffic situations and defines

and finalizes a flight pa th p lan for each sector
aircraft.

A : The computer (s) processes routine flight plan ,
track and sector traffic situation data with
paper and elec tronic dispiays .

Separa tion M: The human(s) monitors changing ai rcraf t track and
aseurance traffic situations , searches for control inter-
decision making vention situations , iden tifies potential con-

flicts , arid defines and coordinates clearances
and adv isories to resolve the conflicts. The
human also responds to computer alerts for erner—
gency sVt.atlons.

A : The computer(s) processes routine flight plan ,
track , and sector opera ting situation data with
paper and electronic disp lays , and searches for
and aler ts the controller of inininent conflicts .

Fl igh t infor— H: The human(s) identifies the aircraft flight in—
mation decision form ation needs that have not been satisfied as
making par t of Lb.. separation assuranc e process and

defi nes date service clearances and advisories.

A : The computer(s) processes flig ht p lan , track , and
‘sector operating situation data with paper and
elec tronic displ ays -

Control ~1: The humat (s) issues by voice the clearance and
message advisories and updat es paper and computer records .

tranamission A: The compiLer (s) forwards flight p lan data upda tes
win pa per and elec t ronic displays.

*H man;  A = a u t o m a t i o n .



Contro l Function Summary

Sector Tra f f i c  Flow Planning Process

1. Monitor changes to the sector operating status--M

The enroute or terminal controller upda tes his mental picture
of the sector’s status with respect to weather , ATC equipmen t ,
and procedural rule changes by receiving voice , paper-printed ,
or electronically displayed messages.

3. Determine a sector traffic flow plan--M

The controller devises the sector traffic flow p lan he intend s
to implement. He defines the preferred routes and pro cedural
altitude , speed , and spacing restrictions within the sector
and at sector entry points that will complement the sector ’s
operating status and observed traffic.

6. Issue the sector traffic flow plan--M

The controlier coordinates his traffic flow p lan wi th tha t of
other controllers through interphone communication.

Aircraft Flight Path Planning Process

7. Monitor changes to the traffic flight plans--M

The controller receives flight plan updates for aircraft not
ye t in his  sec tor , scans the PVD for aircraft approaching his
sec tor , and accep ts hand-offs on aircraft entering the sector.

8. Determine a flight path plan for an aircraft--M

The controller reviews the filed flight p lan of an aircraft
and checks its compatibility with the current traffic situation ,
accepts the plan as filed or modifies it as necessary , and
updates paper and computer data records.

Se~paration Assurance Decision-MakinA Process

11. Monitor the rout ine ly  changiri~ air traffic situation--M

The controller receives A/C voice reports and pilot requests
and systematically scans the PYD in genera l for aircraft situa-
tion data.
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14. Search for  a p o t e n t i a l  contro l in tervent ion action-—M

The controller looks for indications of developing potential
conflic t situations by reviewing the f l igh t pa th p lans and
situation data in order to recognize intersecting or coinci-
denta l flight paths.

l5.* Search for an undetected imminent (emergency) conflic t
situation--A

This function is the automated conflict alert/MSAW operation
and is performed in parallel with controller monitoring and
searching.

16.* Monitor a computer report of an imminent (emergency) conflict
situation--M

If an emergency is flagged (including graphical and message
disp lay) by the conflict alert or MSAW, the controller deter-
mines the spec if ic c learances and advisories needed to resolve
the conflict situation.

17. Conf irm existence or nonexistence of a potential conflict—-M

The controller reviews information pertinent to a potential
conflict inc luding aircraft type , visibility, and metering and
spacing procedures. He selects appropriate separation rules,
compares projected trajectory closure against those rules, and
determines whether or not potential violations of separation
exist.

18. Determine a strategy to resolve the potentia l conflict--M

The controller selects a strategy to resolve a confirmed poten-
tial conflict that is compatible with sector procedures and the
traffic congestion environment. These include procedural
separa tion (assi gnment of nonintersecting routes or altitudes)
or tactical separation (vectors or speed controls).

19. Determine specific clearances and advisories to resolve the
potential conflict--M

The control ler  ca lcu la t e s  precise f l i g h t  t r a j ec to ry  adjustments ,
determine s specif ic  clearances for po ten t ia l ly conf l ic t ing

*
Pertains to conflict alert and MSAW interruptions to routine control
activities.
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aircraft, and coordinates these clearances with other control-
lers if necessary.

Flight Information Decision Making Process

23. Search for a flight information service action (other than
separation services) --H

The controller examines the projected flight path of an aircraft
end reviews information that may be needed in order to ensure
the aircraft ’s progress (if such information has not been
determined as part of the separation assurance process).

24. Determine specific clearances and advisories to provide flight
information service--M

The controller identifies precise flight infor’nation data re-
quireinents such as the need for route or altitu~= clearance,vectoring, weather information, or frequency change assignment.

Control Message Transmission Process

28. Issue clearances and advisories--M

The controller transmits voice messages to the aircraft, re-
ceives responses and acknowledgments, and upda tes paper and
computer records.
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Appendix B

SYSTEM 2: ENROUTE DECISION AID AUTOMATION

Operational Overview

Technological Components

We envision the technological structure of this system to be com-
posed of the following representative hardware/software capabilities:

• Current technology, including A/C and interphone voice communica-
tions, ATC radar beacon system (ATC RBS), flight data processing
(FDP) , conflict alert , and minimum safe altitude warning (MSAW).

• Information aids, including automated data handling (ADH) with
tabular displays and touch-entry data processing, and area
navigation (RNAV).

• Decision aids, including conflic t probe , enroute metering, auto-
mated local flow control, automated central flow control.

Sector Control Operations -

The enroute decision aid automation performs decision-making require-
ments for the separation assurance process but is managed by and subject
to intervention by a controller (who issues all control messages using
A/C voice communications), The computerized decision making is directed
by conflict probe automation and is supplemented by flow control/metering
automation; the latter specifies external procedural constraints to the
controller ’s sector traffic flow planning.

The enroute sector con t ro l l e r( s )  performs the sector t r a f f i c  flow
and aircraft flight path planning and manually enters planning and flight
date not otherwise available to the computer. The conflict probe searches
for and assesses potential conflict situations . The controller reviews
and accepts or revises computer-recommended clearances and advisories to
resolve potential conflicts; he also determines (without computer assis-
tance) flight information clearances and advisories. These actions
enabl~ the controller to direct the conflict probe actions, integrate
this automation service into his decision-making process, and formulate
control messages for A/G voice transmission. These control activities
may be preempted by computer-generated resolutions for conflict alerts
or MSAW. which the controller tasues by A/G voice.
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To obtain and exchange data needed to carry out his responsibilities,
the controller systematicall y scans a PVD traffic situation presentation,
conducts A/G voice communications with pilots , reads computer-generated
messages on an electronic tabular display, coordinates with other con-
trollers using th. tabular  display with quick-action touch-entry data
processing or by interphone voice coimnunications, and manually processes
computer data using the touch-entry device.

Control Process Roles

The control process roles for the enroute decision aid automation
system are given in Table B-i.

Control Function Summary

Sector Traffic Flow Planning Process

1. Monitor changes to the sector operating status--M

The enroute controller updates his mental picture of the
sec tor ’s status with respec t to weather, ATC equipment, and
procedural rule changes by receiving voice or electronically
displayed messages.

3. Determine a sector traffic flow plan--H

The controller devises the sector traffic flow plan he intends
to implement. He defines the preferred routes and procedural
altitude, speed, and spacing restrictions within the sector
and at sector entry points that will complement the sector ’s
operating status and observed traffic.

6. Issue the sector traffic flow plan--M

The controller coordinates his traffic flow plan with that of
other controllers through interphone communication.

Airc raft Flight Path Planning Process

7. Monitor changes to the traffic flow plans--H

The controller receives fli ght plan updates for aircraft not
yet in his sector , scans the PVD for aircraft approaching his
sector, and accepts hand-offs on aircraft entering the sector.

8. Determine a flight path plan for an aircraft--M

The controller reviews the filed flight plan of at aircraft
and checks its compatibility with the current traffic situation,
accepts the plan as filed or modifies it as necessary, and
updates computer data records.
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Table B-i

SYST~ I 2: ENIS)UTE DECISION AID ALJTC*(ATIOW
CONT ROL PROCESS ROLE S

*Control Process Role

Sector t raf f ic  H : The hnanan(s) monitors data describing changes to
flow planning the sector equipment and weather status , proce-

dural cons traints imposed by the flow con trol
automat ion , and the aggrega te traffic situation
and defines and coordinates a sector traffic flow
plan.

A: The computer(s) processes and electronically dis-
plays rou t ine f l i gh t plan , t rack , and Sector oper-
a ting situation data (enhanced by f l ow control
au toma t ion ) .

Aircraft H: The human(s) monitors changing aircraft flight
flight path plan , track , and traffic situations and defines
planning and finalizes a flight path plan for each sector

aircraf t.

A: The computer(s) processes and electronically dis-
plays routine flight plan , track , and sector oper-
a ting si tuation data.

Seperation H: The human(s) moni tors changing aircraft track and
as.-~ranc e traffic situations , searches for control inter-
d,.ision making vention aituations , calls for and ina tructs auto-

mated conflict probe situation assessments , and
reviews , accep ts or revises , and coordinates
computer-recoumnended conflict resolu tion clear-
ances and advisories. The human also respond s to
computer alerte for emergenc y situations.

A: The computer perform s conflic t probe actions as
ins t ruc ted by the controller (i.e., automatically
iden tifies potential conflicts and recommend s
resolu tion actiona), au tomaticall y perfo rms con-
flic alert operations , and processes and electron-
ically disp lays routine fli ght plan , track , and
sec tor operating situation data.

Flight H: The human(s) identifies th~ fli ght information
information needs of aircraft that have not been satisfied as
decision making par t of the separation assurance process and

def ines the data service clearances and
advisories.

A: The computer(s) processes and electronicall y dis-
plays ro utine flight plan , t rack , and aector oper-
a ting situation data .

Con trol H: The human(s) issues by voice the clearance and
message advisories and upda tes  c o m p u t e r  r ecords .
t ran mai ssion

A: The comp uter(s ) forwards and electronicall y dis-
plays flig h t pl an  da ta updates.

* - man; A — automation.

55



Separation Assurance Decision-Making Process

11. Monitor the routinely chan~ging ai r t r a f f i c  situation--M

The controller receives A/C voice reports and pilot requests
and systematically scans the PVD in general for aircraft situa-
tion data,

13. Establish automated processing of control intervention actions--M

The enroute controller inputs information not otherwise avail-
able to the computer , such as pilot voice reports and requests
and the status and identity of aircraft on the A/C frequency.
Such actions initiate and update the automated conflict probe
and enable the controller to call for specific conflict searches
(especially when aircraft first call in on frequency).

*15. Search for an undetected imminent (emergency) conflict
situation--A

This function is the automated conflict alert/MSAW operation
and is performed in parallel with controller monitoring.

*
16. Monitor a computer report of an imminent (emergency) conflict

situation--H

If an emergency is flagged (including graph~cal message display)
by the conflict alert or MSAW, the controller determines the
specific clearances and advisories needed to resolve the con-
flict situation.

17. Con firm existence or nonexistence of a potential conflict--A

18. Determine a strategy to resolve the potential conflict--A

19. Determine specific clearances and advisories to resolve
the potential conflict--A

The computerized conflict probe searches for and confirms a
potentia l conflict situation , defines an appropriate strategy
to resolve the conflict , and defines specific clearances and
advisories to implement the resolution strategy.

*Pertains to conflict alert and MSAW interruptions to routine control
activities.
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20. Review the computer assessment and recommended resolution of
a potential conflict--H

The controller receives a graphical display of a potential con-
flict situation as well as electronically disp layed messages
including the quantitative data regarding the situation and
recommended clearances and advisories. The conttoller identifies
the recoamlended resolution strategy, compares the projected
trajectories against the appropriate separation rules and the
sector procedural plan, and accepts or rejects the computer
recommendations.

21. Revise the computer-recommended strategy, clearances,
and advisor ies to resolve the potential conflict--H

If the controller rejects the computer—recommended actions , he
mentally revises the strategy , calculates precise flight tra-
jectory adjustments, defines clearances and advisories , and
coordinates the clearances with other controllers as necessary.

Flight Information Decision-Making Process

23. Search for a flight information service action (other than

!~~
aration services)--M

The controller examines the projected flight path cf an air-
craft and reviews information that may be needed in order to
ensure the aircraf t ’s progress (if such information has not
been determined as part of the separation assurance process).

24. Determine specific clearances and advisories to provide
fligh t informa t ion service--M

The controller identifies precise flight information data re-
quirements such as the need for route or altitude clearances ,
vectoring, weather information, or frequency change assignment.

Control Message Transmission Process

28. Issue clearances and advisories--M

The controller transmits voice messages to the aircraft , re-
ceives responses and acknowledgments, and updates computer
records.
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Appendix C

SYSTEM 3: TE~~1INAL DECISION AID AUTC~4ATION

Operational Overview

Technological Components

We envision the technological structure of this system to be composed
of the following representative hardware/software capabilities:

• Current technology, including A/G and interphone voice communica-
tions, ATC radar beacon system (ATC RBS), flight data processing
(FDP) , conflict alert , and minimum safe altitude warning (MSAW).

• Information aids, including automated data handling (ADH) with
tabular displays and touch-entry data processing, wind shear
adv isory, microwave landing system (MLS), area navigation (RNAV),
and airport surface traffic control (ASTC).

• Decision aids, including refined metering and spacing, au toma ted
wake vortex avoidance system (WAS), and centra l flow control.

Sector Control Operation

The termina l decision aid automation performs the decision-making
requirements for the sector t r a f f i c  flow and a i rc ra f t  flight path plan-
ning processes, the separation assurance control message definition pro-
cess, and the basic aspects of flight information message identification.
These functions are managed by and subject to intervention by the con-
troller, who issues all control messages using AIG voice communications.
The computerized operation is directed by metering and spacing automated
in coordinatton with flow control and metering automation.

The terminal sector controller(s) reviews and accepts or revises
the computer-recommended sector traffic flow p lans , aircraft flight path
plans , and specific clearances and advisories to resolve potentia l con-
flicts and satisfy essential flight information needs. The controller
determines supplementary flight information messages (in addition to the
basic requirements recoumierided by the controller) and manually enters
sector status data and flight information (including voice message data)
not otherwise available to the computer. These actions enable the con-
trolley to maintain cognizance of and exercise directive authority over
the control automation so that he may mentally assimilate computer-
generated plans and control messages and issue A/C voice clearances and
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advisories. These control ac t iv i t ies  may be preempted by computer-
generated resolutions for conflict alerts or MSAWs, which the controller
issues by A/C voice.

To c!~tain and exchange data needed to carry out his responsibilities,
the cc.ntroller reads computer-generated messages on an electronic tabular
display, selectively scans a PVD traffic situation presentation, conducts
A/C voice communications with pilots , coordinates with other controllers
using the tabular display with quick-action tough-entry data processing
or by interphone voice communications , and manually processes computer
data using the touch-entry device.

Control Process Roles

The control process roles for the terminal decision and automation
system are given in Table C-l.

Control Function Summary

Sector Traffic Flow Planning Process

1. Monitor changes to the sector operating status-—H

The terminal controller updates his mental picture of the
sec tor ’s sta tus with respec t to weather, ATC equi pment , and
procedura l rule changes by receiving voice or electronically
displayed messages.

2. Establish the automated processing of a sector traffic flow
plan--K

The controller inputs data not otherwise available to the com-
puter describing revisions to the sector ’s equipmen t sta tus ,
weather status, and procedural constraints. This data entry
instructs the computer to devise a sector traffic flow plan.

3. Determine a sector traffic flow plan--A

The computerized flow control and metering and spacing operation
automatically defines a sector traffic flow plan includ ing
preferential routes , altitudes , speeds, and spacing restrictions.

4. Review the computer-recommended sector traffic flow plan--H

The controller receives the electronically displayed computer-
recommended sector traffic flow plan. He compares this plan
with the sector operating status and the aggregate traffic
congestion situation as presented on a PVD and accepts or
rejects the computer’ a recommendation.
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Table C-l

SYSTEM 3: TEIGQ NAL DECISION AID AUTOMATION
CONTROL PROCESS RO LES

*Control Process Role -
Sector traffic N: The human(s) monitors data (some of which is not
f l ay  planni ng available to the computer) describing changes to

the Sector equipment and weather s ta tus  and pro-
cedural constraints imposed by flow control auto-
ma tion , upd~ tea computer records, and reviews,
accepts or revises, and coordinates the computer-
recomeended sec tor traffic flow plan.

A: The computer(s) reviews the sector operating sta-
tus (as updated by the controllex), procedural
constraints imposed by the f low con trol au toma-
t ion , and the aggregate traffic situation and
defines and lectronically disp lays a sec tor
tr a f f i c  f low ~lan.

Aircraf t fligh t H: The human(s) receives and accepts or revises the
path planning computer-recommended flight path p lan f or each

aircraf t.

A: The compu ter(s) monitors aircraft fli gh t p lan ,
tr a c k , and traffic situations and defines and
elec tronicaUy disp lays a flight path p lan f o r
each sec tor aircraft.

Separation H: The human(s) monitors flight da ta not available
assurance to the computer (i.e., pilot voice reports and
decision making requests), upda tes computer records , reviews

computer assessments of potential conflict situa-
t ions , and accep ts or revises and coordinates
the computer-recommended conflict resolution
clearances and advisories. The human also re-
sponds to computer alerts for emergency situa-
t ions .

A : The computer(s) moni tors the changing aircraft
track and traffic situations (including the con-
t r o l l e r  upda tes), searches for con trol interven-
t ion si tua tions , identifies potential conflicts ,
and define s and electronically displays clear-
ances and adv isories to resolve the conflicts.

Fligh t II: The human(s) reviews and accepts or revises basic
informa tion flight inf rmation clearances recommended by the
decision making computer and determines supplemental advisories

required by the a i r c r a f t.

A : The computer(s) identifies and electronically
d i s p lays  the f l ight path clearance information
(exclusive of general fligh t circumstances data)
needs of each aircraf t that have not been satis-
fied as part of the separation assurance process.

Control N: The human(s) iasuea by voice the clearance and
me ssage advisories and update. compu ter records.
t r ansm is s i on A: The computer(s) forwards and electronicall y dis-

plays f l igh t p lan data updates.

H — man;  A automation.

63



5. Revise the com2~~er- recommended sector traffic flow plan--H

If the controller rejects the computer ’s plan , he defines an
alternative sector traffic flow plan and inputs its parameters
to the computer.

6. Issue the sector traffic flow plan-—A

The computer automatically communicates the features of the
sector traffic flow plan to other controllers.

Aircra ft Fligh t Pa th Plann ing Process

7. Monitor changes to traffic flight plans--A

8. Determine a flight path pian for an aircraft--A

The computerized metering and spacing operation tracks aircraft
trajec tories , reviews filed flight pla ns , checks flight plan
compatibility with the sector traffic flow plan and curren t
traffic situation , and accepts a flight plan as filed or
modifies it as necessary.

9. Review the computer-recommended flight pa th plan--K

The controller reviews the electronically disp layed computer-
recommended flight path p lan in order to remain aware of the
ATC situation , to check on the p lan ’s val idity relative to the
sector traffic flow plan , and to accep t or rejec t the compu ter ’s
recommendation.

10, Revise the computer-recommended flight path plan--H

If the recommended flight path plan is rejected , the con troller
selec ts proced ural res tric tior~s tha t correc t the deficiencies
in the computer-recommended plan and inputs new parameters to
the computer.

Separation Assuranc e Decision-Making Process

11. Monitor the routinely chang ing airc raft situation--A

The computerized metering and spacing operation automatically
tracks the movement of air traffic through the sec tor’s airspace.

12. Monitor only rou t ine l y chong ing air traffic situations reported
by pi lo ts--M

The controller receives A/G pilot voice reports and requests
and selectively scans the PVD for specific ~~ r craf t si tua tion
data.
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13. Eatablish automated processing of control intervention actions--M

The terminal controller inputs information not otherwise avaii-
able to the computer, such as pilot voice reports and requests
and the status and identity of aircraft on the A/C frequency.
Such actions update the automated metering and spacing operation.

15.* Search for an undetected imminent (emergency) conflict
situation- -A

This function is the automated conflict alert/MSAW operation
and is performed in parallel with automated metering and spacing
and controller monitoring.

*16. Monitor a computer report of art imminent (emergency) conflict
situation-—H

If an emergency is flagged (including graphical and message
disp lay) by the conflict alert or MSAW, the controller deter-
mines the specific clearances and advisories needed to resolve
the conflict situation .

17. Confirm existence or nonexistence of a potential conflict--A

18. Determine a strategy to resolve the potential conflict--A

19. Determine specific clearances and advisories to resolve the
potential conflict--A

The computer ized meter ing  and spacing opera t ion  searches for
and confirms a potential conflict situation , defines an appro-
priate strategy to resolve the conflict , and def ines  spec if ic
clearances and advisories to imp lement the resolution strategy .

20, Review the computer assessment and recommended reso1u~ ion of
a potential conflict--M

The controller receives a graphical disp lay of a potential con-
flict situation as well as elec tronically displayed messages in-
cluding quantitative data regarding the situation and recommended
clearances and advisories. The controller identifies the recom-
mended resolution strategy, compares the projected trajectories
with the appropriate separation rules and the sector procedura l
plan, and accepts or rejects the computer ’s recommendations.

*
Pertain to conflict alert and MSAW interruptions to routine control
activities.
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2 1. Revise the computer-recommended s t r a t egy ,  clearances, and
advisories to resolve the potential conflict--M

I f  the con t ro l l e r  r e j e c t s  the computer-recommended actions, he
men ta l ly  revises the recommended strategy, calcula tes precise
flight trajectory adjustments , defines clearances and advisories,
and coordinates the clearances with other controllers as
necessary.

Flight Information Decision-Making Process

23. Search for a flight information service action--A

24. Determine specific clearances and advisories to provide flight
information services--A

The computerized metering and spacing operation identifies
essen tial cleara nces and adv isories req uired by the aircraft
to proceed along their f l i g h t pa ths (if such information has
not been determined as part of the separation assurance process).

25. Rev iew computer-recommended action for flight information
service--M

The con troller reviews the electronically displayed clearances
by the computer in order to remain aware of the ATC situation ,
to check on the clearances ’ validi ty relative to the flight
plan  and the sector procedural  plan , and to accept or rejec t
the computer ’ s recommendat ion ,

26. Determine advisories  to supplement the computer-recommended
clearances--H

If  the con t ro l l e r  accepts  the computer-recommended clearances ,
he reviews the advisory issuance history of an aircra f t, com-
pares it with its flight plan and f l i ght data needs , and iden-
tifies additiona l advisory information if necessary.

27. Revise computer-recommended flight information service action-—H

If the controller rejects the computer-recommended flight infor-
mation clearances , he formulates corrected clearances and sup-
p lemental advisories.

Control Message Transmission Process

28. Issue clearances and advisories--H

The controller transmits voice messages to the aircraft , re-
ceives responses and acknowled gments, and upda tes compu ter
records.
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13. Establish automated processing of control intervention actions--M

The terminal controller inputs information not otherwise avail-
able to the computer , such as pilot voice reports and requests
and the status and identity of aircraft on the A/G frequency.
Such actions update the automated metering and spacing operation.

15.* Search for an undetected imminent (emergency) conflic t -

situation—-A

This function is the automated conflict alert/MSAW operation
and is performed in parallel with automated metering and spacing
and controller monitoring.

*16. Monitor a computer report of an imminent (emergency) conf l i c t
situation-—M

If an emergency is flagged (including graphical and message
disp lay) by the conflict alert or MSAW, the controller deter-
mines the specific clearances and advisories needed to resolve
the conflict situation.

17. Confirm existence or nonexistence of a potent ia l  c o n f l i c t - - A

18. Determine a strategy to resolve the potential conflict--A

19. Determine specific clearances and advisories to resolve the
potential  conf l ic t - -A

The computerized metering and spacing operation searches for
and conf i rms a po ten t ia l  c o n f l i c t  s i tua t ion, de f ines  an appro-
p r i a t e  strategy to resolve the conf l i c t , and defines specif ic
clearances and advisories to implement the resolution strategy .

20. Review the computer assessment and recommended resolution of
a potentia l conflict--M

The controller receives a graphical display of a potential con-
flict situation as well as electronically disp layed messages in-
cluding quantitative data regarding the situation and recommended
clearances and advisories. The controller identifies the recom-
mended resolution strategy, compares the projected trajectories
with the appropriate separation rules and the sector procedural
plan , and accepts or rejects the computer ’s recommendations.

*Pertain to conflict alert and MSAW interruptions to routine contro l
activities.
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Appendix D

SYSTEM 4: CONTROL-BY-EXCEPTION (LEVEL I)

Operational Overview

Technological Components

We envision the technological s t ruc ture  of this system to be composed
of the following representative hardware/software capability:

• Current technology , including A/C and interphone voice communica-
tions, conflict alert , and minimum safe altitude warning (MSAW).

Information aids, including automated data handling (ADH) with
tabular display and touch-entry data processing, microwave landing
system (MLS), area naviga tion (RNAV) , and a i rpor t  surface t r a f f i c
control (ASTC).

• Decision aids , including enroute metering, automated local flow
contro l , automated cen t ra l  flow contro l , and automated wake
vortex avoidance system (WVAS).

• Decision automation , including control message automation (CMA),
data link , automat ic  t r a f f i c  advisory and resolut ion service
(ATARS ) , and discrete ad4ress beacon system (DABS).

Sector Cont ro l  Operation

The enroute and termina l control-b y-exception Level I operation auto-
matically performs the decision-making requirements of each control pro-
cess and conduc ts data link communications with aircraft but is subject
to human intervention in regard to its sector traffic flow and aircraft
f l ight path p lanning  and separation assurance detailed message formula-
tion functions. The flight information decision process is not subject
to human intervention. The computerized operation is directed by con trol
message automation in coordination with flow control/metering automation.

The enroute  and termina l sec tor controller(s) reviews and accepts or
revises the computer-recomme nded secto r traffic flow plans, airc ra f t
f l i ght  path plans, and specific clearances and advisories to resolve
potential  conf l i c t s .  He also m a n u a l l y  enters  some sec tor sta tus and
flight data not otherwise available to the computer .  These actions
enabl. the controller to maintain cognizance of and exercise direction
over the details of the separation assurance activities, He does not
critically assess or routinely concern himself with computer-generated
fligh t information clearances and advisories; the computerized operation
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is assumed to be capable of gene ra t ing  valid flight information messages.
Clea rances and advisories are issued b y data li nk , except for  those few
messages requiring voice relay by the controller (e.g., communications
with infrequent non-data-link aircraft). These control activities may
be preempted by ATAR S/ conflict  a lerts or MSAW s , which are moni tored by
the controller.

To obtain anc’. exchange data  needed to car ry  out his responsibil i t ies ,
the controller re&ds computer-generated messages on an electronic tabular
display, visually studies selected traffic situations on a PVD-like graph-
ical presentation, and manually inputs data to the computer using a quick-
action, touch—entry device. If  necessary,  he coordinates with other
controllers using the tabular display with touch-entry da ta processing
or by interphone voice communicat ions  and conducts some A/C voice commu-
nicationa with pilots.

Control Process Roles

The control process roles for the control-by-exception (Level I)
sys tem are given in Table D-l.

Control Function Summary

Sector Traffic Flow Planning Process

1. Monitor change s to the sec tor operating status--M

The enroute  or t e rmina l  con t ro l le r  updates  his mental  p icture
of the sector ’ s s t a t u s  wi th  r espect  to weather , ATC equipment ,
and procedura l ru le  changes by receiving voice or electronically
d isp layed messages.

2 Es t ab l i sh  the automated  processing of a sector t r a f f i c  flow
plan--M

The controller inputs data not otherwise avai lable  to the com-
puter describing revisions to the sector ’s equipmen t sta tus,
weather status , and procedural constraints. This data entry
instructs the computer to devise a sector traffic flow plan.

3. Determine a sector traffic flow plan--A

The computer ized flow control  and cont ro l  message automat ion
de f ines  a sector traffic flow plan inc luding preferential
routes , a l t i t u d e s, speeds , and spacing res t r ic t ions .

70



Table D-3.

SYSTEM 4 : CONT~s)L-BY-EXCgPTIOt1 (LEVEL I)
CONTIS)L P~5)CESS ROLES

*Control Proce ss Role

Sector traffic P4: The human(s) monitors data (some of which is not
f low planning available to the computer) describing changes to

the sector equipment and weather status and pro-
cedural constraints imposed by flow control auto-
mation, updates computer records, and reviews,
accepts or revises , and coordinates the computer-
rec~~~ended sector traffic flow plan.

A: The computer(s) reviews the sector operating
status (as updated by the controller), procedural
constraints imposed by the flow control automa-
tion, and the aggregate traffic situation end
defines and electronically disp lays a sector traf-
fic flow plan.

Aircraft flight P4: The hisnan(s) reviews and accepts or revises the
path planning computer-recommended flight path plan for each

sector aircraft.

A: The computer(s) monitors aircraft flight path
plan , track, and traffic situations and defines
and electronically displays a flight path plan
for each sector aircraft.

Separation N: The human(s) monitors flight data not available
assurance to the computer (i.e., pilot voice reports and
decision making requests from non-data-link aircraft), updates

computer records, reviews computer assessments of
potential conflict situation , and accepts or
revises and coordinates computer-rec~~~ended con-
flict resolution clearances and advisories. The
human also monitors computer alerts for emergency
situations.

A: The computer(s) monitors the changing aircraft
track and traffic situations (including the con-
troller updates), searches for control interven-
tion situations , identifies potential conflicts ,
and defines and electronically displays clear-
ances and advisories to resolve the conflicts.

Flight P4: No human involvement.
information A: The computer(s) identifies the flight path clear-decision making ance and advisory information needs of each air-

craft that have nut been satisfied as part of the
separation assurance process.

Contro l message P4: The human(s) confirms the issuance by the com-
tranmei ssion puter of potential conflict resolution clear-

ances and advisories and relays by voice (with-
out further critical assessment) computer-
delayed clearances and advisories for non—data.
link aircraft.

A: The computer(s) issues clearances and advisories
by data link and forward s and electronically dis-
plays fligh t plan data updates.

*P1 — man; A • automation.
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4. Review the computer-recommended sector traffic flow plan--M

The controller receives the electronically displayed computer-
recommended sector traffic flow plan. He compares this plan
with the sector operating status and the aggregate traffic
situation as presented on a PVD and accepts or rejects the
c omputer ’ s recommendation.

5. Revise the computer-recommended sector t r a f f i c  flow plan--M

If the control ler  re jec ts  the computer ’ s plan , he def ines  an
al ternative sector traffic flow plan and inputs its parameters
to the computer.

6. Issue the sector traffic flow plan--?~

The computer automatically communicates the features of the
sector t r a f f i c  flow p lan to other con t ro l le r s.

Ai rc ra f t  Fl ight  Path Planning Process

7. Monitor changes to traffic flight plans--A

8. Determine a f l i ght pa th  p lan for  an a i r c r a f t -- A

The computerized control message automation tracks aircraft
t r a j ec to r i e s, reviews f i led  f l i ght plans , checks f l i ght p lan
compa t ib i l i t y  wi th  the sector t r a f f i c  flow plan and cur rent
traffic situation, and accepts the flight plan as filed or
modifies it as necessary.

9. Review the computer-recommended flight path plan--M

The control ler  reviews the electronical ly  disp layed computer-
recommended flight path plan in order to remain aware of the
ATC si t u a t i o n , to check on the p lan ’ s v a l i d i t y  re la t ive  to the
sec tor tra f f i c  flow pl an , and to accept or reject the computer ’s
recommendation.

10. Revise the computer-recommended [li ght path plan--M

I f  the recommended f l i ght  pa th  plan is rejected , the control ler
selects procedura l restrictions that correct the deficiencies
in the computer ’ s recommendat ion and i npu t s  new parac ters to
the computer.
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Separation Assurance Decision-Making Process

11. Mo~ttor the routinely changing aircraft situation--A

The c~omputerLzed control message automation tracks the movement
of air traffic through the sector’s airspace.

12. Monitor only routinely changing air t r a f f i c  s i tuat ions reported
by pilots--M

The controller receives initial call-ins from all aircraft coming
onto the A/G voice frequency and maintains communications with
the occasional non-data-link aircraft.

13. Establish automated processing of control intervention actions--M

The enroute or terminal controller inputs information not other-
wise available to the computer , such a s the sta tus and iden tity
of aircraft on the A/C frequency. He also inputs information
to the computer concerning the requests of those few non-data-
link aircraft.

*15. Search for an undetected imminent (emergency) conflict
situation—-A

This func t ion  is the automated con f l i c t  a le r t /ATA RS/MSAW oper-
ation and f~s performed in paralle l with control message auto-
mation and controller monitoring.

*16. Monitor a computer report of an imminent  (emergency) conf l ic t
situation--M

I f  an emergency is flagged ( inc luding graphical  and message
display) by the c o n f l i c t  alert/ATARS/MSAW , the control ler
maintains awareness of the situation being processed by the
automated operation .

17. Confirm existence or nonexistence of a potential conflict--A

18. Determinç a strategy to resolve the potential conflict--A

*
Pertains to conflict alert , ATARS, and MSAW interruptions to routine
control activities.
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19. Determine specific clearances and advisories to resolve
the potential conflict--A

The compu terized control message automation searches for and
confirms a potential conflict situation , defines an appropriate
strategy to resolve the conflict , and defines specific clear-
ances and adv isories to imp lement the resolution strategy .

20. Review the computer assessment and recommended resolution of
a potential conflict--M

The controller receives a graphica l  d isp lay of a po ten tial
confi ict situation as well as electronicall y displayed messages
inc luding quantitative data rega rding the situation and recom-
mended clearances and advisories. The controller identifies
the recommended resolution strategy , compares the projec ted
trajectories with the appropriate separation rules and the
sector procedural pla n, and accepts or rejects the computer ’s
recommendations.

21. Revise t~e computer-recommended strategy, clearances,
and advLiories to resolve the potential conflict--M

If the controller rejects the computer-recommended actions, he
m e n t a l l y r ev i s e s  the recommended strategy, calculates precise
f l ight trajec tory adjustments , def ines clearances and advi-
sories , and updates computer records.

Flight Information Decision-Making Process

23. Search for a flight information service action——A

24. Determine specific clearances and advisories to provide fligh t
information service--A

The computerized control message automation identifies all
specific clearances and advisories required by the aircraft
to proceed along their flight paths (if such information has
not been determined as part of the separation assurance process).

Contro l Message Transmiss ion Process

28. Issue clearances and advisories-—A

The computer automatically transmits digitized control fnstruc-
tions to data-link-equi pped aircraft.
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29. Review computer-transacted clearances and advisories--M

The controller monitors electronically displayed reports of
the status of data-link-transmitted messages that he has re-

viewed as part of the separation assurance process.

30. Relay clearances and advisories--M

The controller receives electronically displayed message instruc-

tions , communica tes by voice with pilots of an occasiona l non-
data-link aircraft or retransmits messages that could not be
completed successfully by data link, and updates computer
records.
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Appendix E

SYSTEM 5: CONTROL-BY-EXCEPTION (LEVE L II)

Operationa l Overview

Technological Components

We envision the techno log ical s t ructure  of this system to be com-
posed of the following representative hardware/software capability :

• Current technology, inc lud ing A/G and interphone voice communica-
tions , conflic t aler t, and minimum safe altitude warning (MSAW) .

• Information aids, including automated data handling (ADH) with
tabular display and touch-entry da ta processing, microwave
landing system (MLS), area navigation (RNAV), and airpor t surface
traffic control (ASTC).

• Decision aids, inc luding enroute metering, automated local flow
control , automated centra l flow control , and automa ted wake
vortex avoidance system (WVAS).

• Decision automation , including control message automation (CMA),
data link , automatic traffic advisory and resolution service
(ATAR S), and discrete address beacon system (DABS).

Sector Control Operation

The enroute and terminal control-by-exception Level II operation
automatically performs the decision-making requirements of each control
process and conducts data link communications with aircraft. It is
subject to human intervention only in regard to its separation assurance
stra tegies. The computerized operation is directed by control message
automation in coordination with flow control/metering automation.

The enroute and terminal sector controller(s) reviews without crit-
ical assessment and accepts the computer-recommended sector traffic flow
and aircraft flight pith plans and thereby maintains cognizance of the
planning operations without directing them (although he does manually
enter some sector status and flight data not otherwise available to the
computer). The controller reviews and accepts or revises computer-
recosinended strategies to resolve potential conflicts and thereby main-
tains cognizance of and exercises direction over the computerized separa-
tion assurance process. He does not critically assess or routinely
concern himaelf with the specific separation assurance or flight infor-
mation clearances and advisories generated by the computer; the computerized
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operation is assumed to be suitably refined to generate valid clearances
and advisories. The clearances and advisories are issued by da ta link,
except for those few messages requiring voice relay by the controller
(e.g., communications with infrequent non-data-link aircraft). These
control activities may be p reempted by ATARS/conflict alerts or MSAWS,
which are monitored by the controller.

To obtain and exch~ nge da ta needed to carry out his responsibili ties,
the controller reads computer-generated messages on an electronic tabular
display, visually studies selected traffic situations on a PVD-like graph-
ical presentation , and m~nuall y inputs data to the computer using a
quick-action, touch-entry device. If necessary , he coordinates with other
controllers using the tabular display with touch-entry data processing
or by interphone voice communication and conducts some A/C voice commu-
nications with pilots .

Control Process Roles

The control process roles for the control-by—exception (Level II)
system are given in Table E-l.

Control Func tion Summary

Sector Traffic Flow Planning Process

1. Mouitor changes to the sector operatin~g status--M

The enroute or terminal controller upda tes his men tal picture
of the sector ’ s status with respect to weather , ATC equipment ,
and procedural rule changes by receiving voice or electronically
displayed messages.

2. Establish the automated processing of a sector traffic flow
p lan--M

The controller inputs data not otherwise available to the com-
puter describing revisions to the sector’s equipment status.
weather status , and procedural constraints. This data entry
instructs the computer to devise a sector traffic flow plan.

3. Determine a sector traffic flow plan--A

The computerized flow control and control message automation
defines a sector traffic flow plan including preferential
routes , a l t i t u d e , speeds , and spacing res t r ic t ions .
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Table B-i

SYSTEM 5: CONTROL-BY-EXCEPTION (LEVEL II)
CONTROL PROCESS ROLES

*Con trol Process Role

Sector trafl ic N: The human(s) monitors data (some of which is not
flow plannir g available to the computer) describing the changes

to the sector equipment and weather status and
procedural constraints imposed by flow control
automation , updates computer records , and reviews
(without critical assessment) and accepts the
computer-recommended Sector traffic flow plan.

A: The computer(s) reviews the sector operating
status (as updated by the controller), procedura l
constraints imposed by flow control automation ,
and the aggregate traffic situation and define s
and electronically displays a sector traffic flow
plan.

A ircr aft flight N: The h im~an( s )  reviews (without critical assessment)
path planning and accepts the computer-recommended flight path

plan for each sector aircraft.

A: The computer(s) monitors aircraft flight plan,
track , and traffic situations and defines and
electronically displays a flight path plan for
each sector aircraft.

Separation M: The human(s) monitors fligh t data not available
assurance to the computer (i.e., pilot voice reports and
decision making requests from non-data-li”k aircraft), updates

computer records , reviews computer assessments of
potential conflict situations , and accepts or
revises and coordinates computer-recommended con-
flict resolution strategies (without criticall y
reviewing specific clear~,nces and advisories).
The human also monitcrs computer alerts for emer-
gency situations.

A: The computer(s) monitors the changing aircraft
track and traffic situations (including the con-
troller updates), searches for control interven-
tion situations , identifies potential conflicts ,
defines conflic t resolution clearances and advi-
sories , and electronically displays the corres-
ponding conflic t resolution strategy.

Flight H: No human involvement.
information A: The computer (s) identities the flight path clear—
decision making ance and advisory information needs of each air-

craft that have not been satisfied as part of the
separation assurance process.

Control H: The h uman (e)  relays by voice (without further
message C r i t t ca l  as sessment) computer-displayed c lear -
transmission sn~ee and advisories for non-data—link aircraft.

A: The computer(s) issues clearances and advisories
by data link and forwards and electronicall y dis-
plays flight plan data updates.

*N — mln~ A automation.
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4. Review the computer-recommended sector traffic flow plan--M

The controller receives and reviews the electronically displayed
computer-recon~ ended sector traffic flow plan in order to
remain aware of the ATC environment.

6. Issue the sector traffic flow plan--A

The computer automatically communicates the features of the
sector traffic flow plan to other controllers.

Aircraft Flight Path Planning Process

Monitor changes to traffic flight plans--A

8. Determine a flight path plan for an aircraft--A

The computerized control message automation tracks aircraft
trajectories , reviews filed flight p lans , checks fligh t plan
compatibility with the sector traffic flow plan and current
traffic situation , and accepts the flight p lan as filed or
modifies it as necessary.

9. Review the computer-recommended flight path plan--M

The control ler  reviews the e lectronical ly  displayed computer-
recommended flight path p lan in order to remain aware of the
ATC situation.

Separation Assurance Decision-Making Process

11. Monitor the routinely changing aircraft situation--A

The computer  a u t o m a t i c a l ly t racks  the movement of air t r a f f i c
throug h the sector ’s airspace.

12. Monitor  onl y r o u t i n e l y  chan g ing air t r a f f i c  s i tua t ions  reported
by p ilots--M

The controller receives initial call-ins from all aircraft
coming onto the A/C voice frequency and maintains communications
with the occasional non-data-link aircraft.

13. Establish automated processing of control intervention actions-—M

The enroute or terminal controller inputs information not other-
wise available to the computer , such as the status and identity
of airc raft on the A/C frequency. He also inputs information
to the computer concerning the requests of those few non-data-
link aircraft.
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15. Search for an undetected imminent (emergency) conflict
situation--A

This function is the automated conflict alert/ATARS/MSAW oper-
ation and is performed in parallel with contro l message auto-
mation and controller monitoring.

16,* Monitor a computer report of an imminent (emergency) conflict
aituation--M

I f  an emergency is flagged (including graphical and message
d isplay) by the conflict alert/ATARS/MSAW , the controller main-
tains awareness of the situation being processed by the auto-
mated operation.

17. Confirm existence or nonexistence of a potential conflict--A

18. Determine a strategy to resolve the potential conflict--A

19. Determine specific clearance -and advisories to resolve the
potential conflic t-—A

The computerized control message automation searches for and
confirms a potential  confl ict situa tion , define s an appropria te
strategy to resolve the conflict , and defines specific clear-
ances and advisories to implement the resolution strategy .

20. Review the computer assessment and recommended resolution
of a potertia l conflict--M

The controller receives a graphical disp lay of a potential
conflic t situation as well as electronically displayed messages
inc luding quantitative data regarding the situation and recom-
mended resolution strategy. The controller compares the recom-
mended resolution strategy with the sector procedural pla n and
traffic congestion situation and accepts or rejects the
computer’ s recommendation.

22. Revise only the computer-recommended strategy to resolve the
potential conflict-N

If the controller rejects the computer-recommended p lan , he
defines an alternative strategy that is compatible with the
sector traffic flow p lan and traffic congestion situation . He
enters the revised conflict resolution strategy into the com-
puter by specifying the quantitative parameters of the tactical
or procedura l control technique tha t he favors. The automated
operation determines the specific clearances and advisories
required.

t
Pertains to conflict alert , ATARS , and MSAW interru tions to routine
control activities.
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Flight Information Decision-Maki~g Process

23. Search for a flight information service action--A

24. Determine specific clearances and advisories to provide flight
information service--A

The computerized control message automation identifies all
specific clearances and advisories required by the aircraft
to proceed along their fligh t paths (if such information has
not been determined as part of the separation assurance process).

Control Message Transmission Process

28. Issue clearances and advisories--A

The computer automatically transmits di gitized control instruc-
tions to data-link-equipped aircraft.

30. Relay clearances and advisories--M

The cont ro l le r  receives e lec t ron ica l ly disp layed message instruc-
tions, communicates by voice with pilots on occasional non-
data-link aircraft or retransmits messages that could not be
completed successfully by da ta link , and upda tes computer
records.
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A ppendix F

SYST~ 4 6: CCI~TROL-BY-~ (CEflI(~ (LEVEL III)

Ope rationa l Overv i ew

Technolo&ical Components

We envision the technological structure of this system to be com-
posed of the following representative hardware/software capability :

Corrent technology, including A/C and interphone voice coinmunica—
tiona , conflict a l e r t , and minimum safe altitude warning (MSAW).

• Information aids, including automated data handling (ADH) with
ta bula r disp la y and touch-entry data processing, microwave land-
ing system (MLS), area navigation (RNAV), and airport surface
traffic control (ASTC).

• Decision aids, including enroute metering, automated local flow
control, automated central flow control , and automated wake
vortex avoidance system (WVAS) .

• Decision automation , including control message automation (Q’IA) ,
data link , automatic traffic advisory and resolution service
(ATARS) , and discrete address beacon system (DABS).

Sector Coettol Operations

The enroute and termina l cont ro l -b y-except ion Level III operation
automatical ly  performs the decision-making requirements of each control
process and conducts data link communications wi th  a i r c r a f t .  It is not
subject to human intervention. The compute rized op~;:!ti~n is d irected
by control message automation in coordination with flow control/meter ing
automation .

The •nroute and termina l sector controller(s) is removed from all
critical assessment requir ements but manually enters some sector status
and flight data not other-disc available to the computer. The computerized
op.ration L a assumed to be suitably reliable to generate valid sector
traffic flow, aircraft flight path plans, and separation assurance and
flight information clearances and advisories . The clearances and ad-
visories are issued by data link , except for those few messages requiring
voice re lay by the controller (e.g., communications with infrequent non-
da ta-link aircraft) . Thue control activities may be preempted by ATARS/
conflict alerts or )4SAW s which are monitored by th. controller.
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To obtain and exchange data needed to carry out his responsibilities,
the controller conducts some A/C communications with pilots and manually
inputs data to the computer using a quick-action , touch-entry device.
If necessary, he may monitor selected (e.g., emergency) traffic situations
on a PV D-like graphical presentation , read computer-generated messages on
an electronic tabular display, and coordinate with other controllers
using the tabular display with touch-entry data processing or by voice
interphone commun~cattons .

Control Process Roles

The control process roles for the control -by-exception (Level III)
system are given in Table F—l.

Control Function Summa ry

Sector Traffic Flow Planning Process

1. Monitor changes to the sector operating status-—M

The enroute or termina l controller receives some raw data (i.e.,
noncomputerized) describing changes to the sector ’s sta tus
with respect to weather and ATF equipment by receiving voice
messages.

2, ~atab1ish the automated processing of a sector traffic flow
plan--M

The controller inputs data not otherwise available to the com-
puter describing revisions to the sector ’s equipment status
and wea ther sta tus. This data entry instructs the computer to
devise a sector traffic flow ~‘lan,

3. Determine a sector traf~ic flow plan--A

The computerized flow control and contro l message automation
defines a sector traffic flow plan including preferential routes,
altitudes , speeds, and spacing restriction s.

6. Issue the sector t r a f f i c  flow plan——A

The computer automatically communicates the features of the
sector traffic flow plan to other controllers.
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Table F-I

SYSTEM 6: CONTROL-BY-EXCEPTION (LEVEL III)

C(!4TROL PROCESS ROLES

Control Process Role*

Sector tr.ffic N: The human(s) monitors some data not available to the computer
flow p anning describing the changes to the sector equipment and weather

st a tus  end updates computer records. The huma n does not
review the computer—recommended sector traffic plan.

A: The computer(s) reviews the sector operating s ta t u s  (as up—
da ted by the controller), procedural constraints imposed by
flow control automation , and the aggregate traffic situation
and define s the sector ‘‘sffic flow plan.

Aircraf t fligh t M : No human involvement.
path planning 

A: The computer(s) monitors aircraft flight plan , tr a c k , and
traffic situati ons and defines a flight path plan for each
sec tor a i r c r a f t.

Separation M: The human(s) monitors flight data not available to the corn—
assurance puter (i.e., pilot voice reports and request from non-data-
decision taking link aircraf t) and ~Lpdates computer records (without criti-

call y reviewing compu ter-recommended potential conflict
ac tions). The controller also monitors computer alerts for
emergency si tuatioOS.

A: The computer(s) monitors the changing aircraft track and
traffic situations (including controller upda tes) , searches
for con trol intervention situations , iden tifies potential
conflicts , and defines conflict resolution clearances and
advisories .

Flight information K: No human involvement .
decision making A: The compu ter(s) identifie , the flight path clearance and in-

formation needs of each aircraft that have not been satisfied
aa par t of the separation assurance process.

Control message N: The hurnan (a) relays by voice (without critical assessment)
transmission computer—disp layed clea rances and advisories for non-data-

l i n k  a i r c r a f t,

A: The computer(s) issues clearances and advisorie, by da ta link
and forwards flight plan data upda tea .

— man ; A — automation .
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A ircraft Flight Path Planning Process

7. Monitor chang~ s to traffic [ligh t plans-—A

8. Determine a flight path pla n for an aircraft——A

The computerized control message automation tracks aircra ft
trajectories, review s f i led f l igh t plans , checks flight plan
compatibility with the sector traffic flow plan and current
traffic situation , and accep ts the f l ight plan as filed or
modifies it as necessary.

Separation Assurance Decision-Making Process

11. Monitor the routinely changing aircraft situation--A

The com puter automatically tracks the movement of air traffic
through the sector ’s airspace.

12. Monitor only rou t ine ly  changing a i r  t r a f f i c  s i t ua t ions  reported
by pi lots--M

The controller receives initial c~ill-i ns from all aircraft
coming into the A/G voice frequency and main tains communica tions
with occasional non-data-link aircraft.

13. Establish automated processing of control intervention actions--N

The enroute or terminal controller inputs information not c~ her—
wise available to the computer , such as the status and identity
of aircraft in the A/C frequency. He also inputs information
to the computer concerning the requests of those few non-data-
link aircraft . 

l5.~ Search foc an undetected imminent (emergency) conflict situa-
tion--A

This function is the automated conflict alert/ATA RS/MSAW opera-
tion and is performed in parallel with control message autom~-
tion and control moniLoring .

16.* Monitor a computer report o l an imminent (emergency) conflict
situation-—M

If an emergency is flagged (including graphical and message
disp lay) by the conflict alert/ATARS/MSAW, the controller
maintains awareness of the situation being processed by the
automated operation.

L -I

*Pertain to conflict alert , ATAKS, an~i MSAW interruption s to routine con-
trol activities.
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17. Confirm existence or nonexistence of a potential conflict--A

18. Dete~ mine a strategy to resolve the potential conflict--A

19, Determine specific c~earances and advisories to resolve the
pçtential conflict—-A

The computerized control message automation searches for and
confirms a potential conflict situation , defines an appropriate
strategy to resolve the conflict , and defines specific clearances
and advisories to implement the resolution strategy.

Flight Information Decision-Making Process

23. Search for a flight information service action--A

24 . Det ermine specific clearances and advisories to provide flight
information service--A

The computerized control message automation identifies all
specific clearances and advisories required by the aircraft to
proceed along their flight paths (if such information has not
been determined as part of the separation assurance process).

Control Message Transmission Process

28. Issue clearances and advisories--A

The computer automatically transmits digitized control instruc-
tions to data-link—equipped aircraft.

30. Relay clearances and advjaories--M

The controller receives electronically displayed message instruc-
tions, communicates by voice with pilots of an occasiona l non-
data-link aircraft or retransmits messages tha t could not be
completed successfully by da ta l ink , and upda tes computer records.
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Appendix C

RAT ING FACTORS AND FACTOR SELECTION PROCEDURE

Rating Factors

Job Satisfaction and Motivation

Factor 1: Achievement--Work Alignment

Work alignment refers to the feeling of achievement associated wi th
performing a task that is perceived to f i t in wi th the end goa l of the
ATC system. This implies that the function is neither “paper work ,”
“make-work,” nor concerned with the care of ATC-associated machinery or
systems, bu t direc tly concerned with controlling traffic.

A high rating indicates your feeling that the function is directly
associated with the main purpose of the ATC system. A low rating in-
dicates that the controller will not be able to directly relate his per-
formance of the function to ATC.

Factor 2: Recognition

Recognition refers to the perceived credit received by an individual
controller for th~ performance of a particular function.

A high rating here indicates that the function permits task per-
formance visibility or credit for adequate or superior job performance.
A low rating indicates that the function provides no mechanism for in-
div idual visibility , credi t, or iden tity for average or superior job
performance.

Factor 3: Responsibility

Re sponsibi l i ty  refers  to the sense of personal accountabi l i ty  for
the success or efficient execution of a function . Whi le it is not meant
to imply that shared responsibility is a negative quality , it is desired
to identify the system configurations in which the controller will per-
ce ive shared responsibility with the machine,

A high rating on responsibility indicates that the function provides
task-oriented accountability and responsibility on an individua l basis.
A low rating indicates that the function does not allow for task accounta-
bility on an individual basis.
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Factor  4: Control A u t h o r i t y

Control authority means being able to take the necessary steps to
see that a required action is taken or that a required decision is made.
This is akin to responsibility; however, here we are concerned with the
means tha t a con troller has for performing his f unc tions and the au thori ty
given to him for making dec isions and taking ac tion.

A high rating indicates that the function involves the necessary
control authority for performing assigned tasks and meeting responsibili-
ties. A low rating indicates that this necessary control authority is
not provided in regard to the function, This implies, for instance,
that there is a perceived action to be taken or decision to be made,
but the system configuration does not allow the controller to do it him-
self , or to ensure that it gets done.

Factor 5: Utilization of Perceived Skills

The utilization of skills means that the function requires or allows
the controller to use the relevant and valued skills he perceives he
brings to the situation. Such skills may represent both acquired (i.e.,
learned) and/or native ability.

A high rating indicates tha t the function requires or allows the
controller to apply relevant valued skills to ATC. A low rating indi-
cates that the function requires minima l or no use of valued skills.

Factor 6: Chal lenge (Disc re t ionary  F lex ib i l i ty

Challenge or discretionary f l ex ib i l ity is the degree to which a
function permits a controller to exercise judgment in the selection of
response options.

A high rating indicates that the function permits variety , dis-
cre tion , flexibility , or creativity in its execution. A low rating
indicates that the function provides a rigid task environment allowing
for no discretion , flexibility, or creativity in its execution .

Factor 7: Performance  Feedback

Performance feedback refers to the ind ications avai1.~~.e
controller as to the effectiv ne s of his performance of th.
For optimum job performance and personal satisfac’lon I t  ~~~.

feedba ck is given as close in t ine  as possible to the a&

A high r a t i n g  i nd i c a t e s  tha t  per t & r m a n~ c
timely direct feedback permitti ng air .. .,se.srns
feedback can be assjcia t 1 w i t h  .~ sp. citi. .‘“
able upon its completion. A low ra t r~~i
not allow for drrect and .rTIr . ~.te Z.se. -
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Factor 8: Interest

Interest means tha t the function is stimulating or interesting, it
is the opposite of boredom.

A high rating indicates that the function is interesting or highly
motivating. A low rating indicates that the function is uninteresting,
bor ing, or must be performed in a manner that does not simulate motiva-
tion.

Nan-Machine Interface

Factor 9: Vigilance

Vigilance refers to the frequent or constant attention required of
the controller to detect infrequently occurring events over relatively
long periods of time .

A high rating indicates that the system is configured such that
excessive vigilance is not required. A low rating indicates that per-
formance of the function requires excessive vigilance of the controller
(i.e., unaided by his equipment).

Factor 10: Stress

As used herein, stress is a psychological variable resulting from
such causes as emotional strain, severe time constraints, workload, and
responsibilities.

A high rating on stress indicates that the function performed by
the controller in the system at issue produces relatively little emo-
tional strain. A low rating indicates that the function causes severe
emotional strain.

Factor 11: Intricacy

Intricacy is the level of activity required by the function as veil
as its reliance on awkward or complex procedures.

A high rating indicates that execution of the function is straight-
forward, requiring minimal manual activity or complexity in the inputting
of data or executing procedures. A low rating indicates that the func-
tion is executed by complex or awkward procedures.. It requires prolonged
operation interaction or adherence to an intricate sequence of activities.
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Factor 12: Restrictiveness

Restrictiveness refers to the inability of the controller to perform
parallel or simultaneous functions, tasks , or activities. A restrictive
function is one that requires the full attention of the controller and
does not permit pirallel execution of another function or task (such as
scanning the PVD). Another kind of ri~atrictive function is one that re-
quires the simultaneous performance of an excessive number of actions.
The net result of a restrictive function is that the controller is much
reduced in his ability to respond to stimuli or situations during the
performance of it.

A high rating in restrictiveness indicates that the function permits
the parallel or simultaneous execution of other functions, tasks, or
activities. The execution of one function does not unduly interfere
with that of another. A low rating indicates that the function requires
the simultaneous performance of an excessive number of tasks or the per-
formance of functions or tasks that interfere with each other.

Factor 13: Rigidity

Rigidity refers to inflexibility in the order of executing tasks
and to the time criticality of execution. A flexible function allows
the controller an opportunity to order the tasks involved to be executed
in a specified time frame (e.g., a task can be delayed in order to devote
attention to more critical tasks). A function inflexible in execution
mandates a rigid sequence or order in which the tasks must be performed.

A high rating in rigidity indicates a function with high flexibility,
one in which the controller has some autonomy and need not respond im-
mediately to each stimulus or machine action. A low rating indicates
that the controller ’s work is more tied to external events or the actions
taken by the machine; his work is substantially driven or forced.

Factor 14: Decision Making

Decision making refers to the identification and selection of alter-
natives. Such a situation could arise as a result of a choice presented
by the machine to the controller, as a result of a controller-initiated
activity, or as a result of an external event, such as an A/C communication
or emergency. This rating refers to the nature of the information pro-
vid*d to the controller by the system and the difficulty in using this
for making decisions.

A high rating indicates that decisions can be made in a straight-
forward manner, with appropriate information and alternatives available
to th. controller. A low rating indicates that decision making involving
the function is difficult. The controller may have available only ag-
gregated or raw information to assist him or the controller must have
access to a substantial amount of data or perform time-pressured calcula-
tions.
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Failure Mode Operations

F.ctor 15: Failure Recognition

Failure recognition refers to your judgment of the ease of recogniz-
ing the fai lure of a particular piece of machinery, algorithm, or auto-
matic process that prevents the function from being performed. For rating
purposes assume that a failure has occurred that affects only the func-

• tion being rated.

A high rating on recognition indicates that the ATC system provides
• enough feedback or redundancy to announce the failure in question.

A low rating indicates that the fa i lure may not be recognized at all or
until a critical situation develops.

Factor 16: Failure Recovery

This refers to your judgment of the ease and efficiency of recovering
from failure. Assume for rating purposes that a failure has occurred
affecting only the function in question (and has been recognized).

A high rating here means that the loss of information can be easily
and quickly recovered through appropriate manual activity. A low rating
indicates that the system function is so critical that recovery from
failure is very difficult, time consuming, or time pressured. Note that
this category does not refer to ATC operations after recovery has been
affected and activities have settled down to a “steady—state,” but only
to the immediate recovery from a failure detection.

Factor 17: Failure Operations

Failure operations refers to your judgment of the quality of ATC
operations after a failure has occurred. This means that a malfunction
or failure has occurred and been detected, and whatever necessary has
already been done to compensate for the failure.

A high rating indicates that the failure in question has little or
no impact on ATC operations in that system. A low rating indicates that
the system does not easily allow for manua l control transfer or capability
of overriding automatic function. Overall ATC operations are disrupted
because of system inefficiency or performance degradation (less traffic

• can be handled),

• Factor Selection Procedure

The 17 factors were chosen from a group of approxima tely 30 candidate
factors. Some factors were eliminated to r.duce th. amount of work re-
quired of each rater and to avoid overlapping among fac tors, Other fac-
tors w•re eliminated during pretesting at SRI either because they could
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not be related directly to the ATC systems or because they could not be
easily distinguished from one another.

The factors that were retained overlap somewhat. This is inevitable
due to the lack of precision in the English language. It is an acceptable
psychological testing practice to include similar factors as a consistency
check. In addition, the list of factors is by no means complete. Whole
categories of man/machine interface factors that pertained to purely
technological mechanizations were excluded. For example, each of the
six systems under consideration uses a CRT display. However, no system
can profitably be rated on such factors as CRr brightness or information
content, both of which can be influenced by engineering or software changes
totally unrelated to automation and its basic effects.

Rating Instructions

The packet of information given to the raters contained the follow-
ing items:

• An instruction booklet.

• A rater background sheet.

• A set of six booklets containing systems descriptions for the
ATC systems to be rated.

• Six rating sheets, one for each ATC system (inverted into the
appropriate system booklet).

• A booklet of factors describing the criteria on which to rate
the six systems.

Rater Background Sheet

The rater background sheet requested information about the raters’
ATC background and experience. It was used for both follow-up contacts
and statistical purposes.

System Descri tion Booklets

Each system description booklet contained information about a par-
ticular ATC system ranging in sophistication of automation from the
current NAS/ARFS system (System I) to Control-by-Exception Level III
(System 6). Each booklet consisted of fou r parts , each one providing
a more detailed description of the system. The first part, a system
operational overview, br ie f ly  described the system and the level of
automation and technology it embodies. Following this was a chart
describing control process roles for five processes: sector traffic
flow planning, aircraft flight planning, separation assurance decision
making, flight information decision making, and control message trans-
mission. The chart identified the roles of both the controller and the
automatic machinery in performing these processes.
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Parts 3 and 4 of the booklet described the control processes in
terms of 30 generalized control func t ions. The third pert of each system
description booklet consisted of a list of control functions applicable
to that particular system within each control process. Each function was
marked with an N (human) or an A (automation). Not all 30 functions
were represented in each system; the functions not applicable to the par-
ticular system were not included in the booklet for that system. The
fourth pert of the booklet was simply a more detailed description of
each control function. It was anticipated that the raters would read
Part 4 of each booklet before they began to score each system, and tha t ,
as they progressed through the system, they would need to refer only to
Parts 2 or 3.

Rating Sheets

Each of the six systems had a rating sheet (see Appendix H~. At
the top of each sheet was the system number and its title. Each sheet
contained a list of the 30 general control functions broken down into
the five control processes. The data were the same for each of the six
systems. Each control function represented in the system is described
with an M (man) or an A (automation).

The 17 fac tors by which each system was rated were listed along the
top of the rating sheet. These factors are divided into three general
areas: achievement and satisfaction, man-machine interface, and post-
failure operations. Descriptions of all of these factors could be found
in the system factors booklet (see below). System ratings were to be
placed in the boxes at the center of the rating sheet. The scores put
in a box applied to the control function on the same line as the box and
the factor in the same column as the box. Some boxes applied to more
than one control function, and the score put in such a box was understood
to apply to all control functions covered by that box. The absence of
a box for a particular control function or factor indicated either that
the control function was not present in that particular system or that
a score was not desired for that particular factor.

At the right of each line of boxes extending under the failure mode
operations factors was a desc ription of what particular item was to be
considered as having failed for that rating. Below the rating boxes was
a description of the scoring metrics (rating scales) used for each fac-
tor. At the very bottom of each rating sheet was an area in which the
raters were encouraged to comment on anything that could not be described
by a single rating.

• System Factors Booklet

The system factors booklet contained write-ups for each of the 17
fac tors. The write-up for each factor contained a short definition of
the factor and a description of what high and low ratings mean. Recall
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that in all case s a high rating indicates a “better” system than a low
rating, and ratings from 1 to 5 were to be assigned according to the
scales printed on the rating sheets. Additional scoring instructions
given to the rat•rs are described below .

Rating Guidelines for Job Satisfaction and Motivation
and Man-Machine Interface Factors

The 14 job satisfaction and mot ivation and man-machine interface
factors were rated using the rating metric (rating scale) under the
factor being considered. One metric was used for the job satisfaction
and motivation factors, and two for the man-machine interface factors.
The human (N) functions were to be rated as if the rater were the con-
troller performing them. The raters were cautioned that there is more
to rating a function than simply considering that function alone; each
function had to be considered in the context of the particular system.
Both controller workload and the division of tasks between man and
machine inherent in the system also had to be taken into account. For
instance, when rating the factor “rigidity,” consideration of the time
criticality of the function required that the rater be aware of what
tasks were being performed by the man at approximately the same time
and what tasks were being handled by the computer . The rating given
to a particular function for the rigidity factor might vary considerably
depending on the perception of the controller workload inherent in the
system.

Automation (A) functions were to be rated only for some selected
factors within the job satisfaction and motivation category: recogni-
tion, responsibility , skill utilization, challenge, and interest. The
raters were aske d to judge the change in rating from a previous system
where the automatic functi on was performed manually. Therefore , there
were two versions of the rating metric for job satisfaction and motiva-
tion fac tors: one for manually performed and one for automatically per-
formed functions. The second definition of the metric referred to the
perc.ived change in the factor rating due to automating the function.

Vigilance and stress were the only factors within the man-machine
interface category that we re rat ed for automated tasks. These factors
could be rated by the same metric as that used for manually performed
functions with the understanding tha t the controller need no longer
perform a particular function.

Ratina Failure Mode Operation Factors

Only certain functions were to be rated with respect to failure mode
operation factors. Next to each set of boxes in the failure mode factor
columns wa s a description of the failed componsnt group, algorithm, or
process.
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Appendix H

RATiNG FORMS



RATING FORM ERRATA

System Function Factor Corrective Action

1 7 Vigilance Delete scoring box

2 8 Vigilance Add scoring box

3 28 Vigilance Delete scoring box

4 30 Alignment Delete scoring box

5 6 Alignment Delete scoring box

Results presented in this report are based on the
uncorrected rating sheets.
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Appendix J

BIAS ADJUSThENT CALCULATIONS
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Appendix .J

BIAS ADJUSTMENT CALCULATIONS

A athematic&,1 statement of the bias manipulations fo11~~s:

is the k’th rater’s score for the i1 th factor and

the j’th function of the Vth system .

b
ik 

is the average score for the i’th factor by the k’-th

rater.

is the set of raters scoring item i ,j 14 11

is the nuther of raters in N~~1
.

5
(j) is the entry of the Vth r~~, fth colusm of Tab le 1.

~ is the entry of the l’th r~~, l ’th coluan of the

(unbiased) comparison tab le for Table i.

For two systems 1 and 1’ of Table l’s j’th coluw we have:

lj N E ijkl

anó 

ij iJ kcN 1~1

(I)
s
il
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~
Ni l  

E r
ilki I

I ~

Let n — 1N 1111 
and n 1 — 1N i j i,g



Than, for the ‘1unbiasad’1 scores ,

— “

~~~~~ keN ~~iJkl 
— 
bik
)

iji

— - 
1 E~ 1~

1(
Ii

(i)
— ~~i1j 

O
il

where b
~~ 

is• the average score (over the raters in N
111

) for factor i.

Similarly :

~(i) —
ii’

We see that comparing ~~~ with ~~~ is equi va len t to comparing (4~
with C~~

’
~ if and only if 

~~~~~~~~

‘ 
— , and we can be sure of that only

if N
i11 

— N~115 (i.e., the two systems are rated by the same raters for

factor 1).
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