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FOREWORD

4
! This Technical Report is the result of a work effort performed by

the Digital Applications Group of the Crew Systems Development Branch

(FGR), Air Force Flight Dynamics Laboratory, Wright-Patterson Air Force
;i Base, Ohio. Major Robert Bateman is the group leader and Dr. John Reising 4
is responsible for human factors. Mr. Emmett Herron of the Bunker Ramo
.} Corporation is tasked with providing pilot inputs to the work efforts,

1 and Ms. Gloria Calhoun of the same company is tasked with statistical and |
experimental design inputs. Software support was provided by Mr. William
Wessale of Systems Consultants Incorporated and Mr. Larry Evilsizor of
Bunker Ramo Corporation; hardware support was provided by Mr. Al Meyer of
Technology Incorporated. The objective of this effort was to evaluate

y’ the use of four multifunction keyboard configurations within the cockpit.

1 The Bunker Ramo portion of the work effort was performed under USAF

Contract Number F33615-76C- . The contract was initiated under
i Project Number 6190, "Control-Display for Air Force Aircraft and
. Aerospace Vehicles" which is managed by Mr. J.H. Kearns, III, as Project
Engineer and Principal Scientist for the Crew Systems Development Branch

(AFFDL/FGR) Flight Control Division, Air Force Flngt\fynamics Laboratory.
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This effort was performed as part of the Digital Avionics
Information System (DAIS) Advanced Development Program under Work Unit

20490202, This report includes work performed between 1! April 76 and 11

Feb 77.
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GLOSSARY OF TERMS

AAE - average absolute error - See Appendix G.

AE - average error - see Appendix G.

BRANCHING LOGIC - control logic programmed in parallel with system opera-

tion so that each switch activation causes various sublevels for the

applicable system to appear.

CDC 6600 - Control Data Corporation general purpose computer.

CRT - Cathode Ray Tube.

CRT MFK - hardware in which the legends on a display adjacent to the

switch changed according to the function the switch was serving at the

time.

DATA ENTRY KEYBOARD - panel with twelve dedicated switches; the switches

were in a 4 X 3 telephone type layout with the CLEAR and ENTER keys on

the left and right sides of the zero, respectively.

DEDICATED DISPLAY - single display capable of performing only one func-

tion.

DEDICATED SWITCH -~ single switch capable of performing only one function.

DEK - see data entry keyboard.
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ELECTRO-OPTICAL DISPLAY - programmable electronic disnlay on which a

variety of symbology can be shown.

FIGURE OF MERIT - statistical procedure used in data analysis - see

Appendix G.

FLIGHT MODE SWITCHES - dedicated switches, which in the present study,

determined the status display format and the logic page displayed on
the MFK.

FLIGHT PLAN - AF Form 70 specifying radio frequencies, IFF modes, and

codes, TACAN channels, waypoint coordinates, and weapon options.

FLYING TASK - maintaining groundspeed and keeping the flight director

centered on the VSD.

FOM - see Figure of Merit.

FUNCTION SELECT SWITCHES - dedicated switches that when activated,
determined which set of logical functions were to be addressed. The
function select switches labeled COMM, NAV and STORES were used in the

present study.

HORIZONTAL SITUATION FORMAT - cathode ray tube used to present

navigation information.

xi
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HSF - see Horizontal Situation Format.
INFORMATION LOGIC DESIGN - determination of the meaning or function of
each switch and the sequence of actions the pilot used to perform

required tasks.

KEYBOARD TASK - operating the MFK to complete communication, navigation

and stores tasks.

LATIN SQUARE DESIGN (BALANCED) - experimental design in which any one

treatment is preceded equally often by each of the other treatments.

LOGIC LEVELS - means by which pilots selected and executed tasks; each

change of a set of legends constituted a single logic level.

MANOVA - see Multivariate Analysis of Variance.

MFK - see Multifunction Keyboard.

MPD - see Multipurpose Display.

MULTIFUNCTION CONTROLS - several multifunction switches on a single panel.

MULTIFUNCTION DISPLAYS - single display capable of performing more than

one function.

xii
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MULTIFUNCTION KEYBOARDS - several multifunction push button type switches

on a single panel.

MULTIFUNCTION SWITCH - a switch whose function changes, depending upon

the task being performed by the operator.

MULTIFUNCTION SWITCH LEGEND - name on or associated with a switch which

identifies the switch's current function.

MULTIVARIATE ANALYSIS OF VARIANCE - statistical procedure used in data

analysis - see Appendix G.

OPERATING SEQUENCE - logic levels or sequence of actions the pilot used

to complete required tasks on the MFK.

PDP 11/45 - Digital Equipment Corporation general purpose mini-computer.

PROJECTION SWITCH MFK - hardware made up of switches having the
capability to display different legends by selectively projecting

different parts of a filmstrip onto the switch front surface.
RAMTEK RASTER SYMBOL GENERATOR - a display system which converts computer

generated alphanumeric and graphic display information into industry

compatible video signals.

RMS - root mean square - see Appendix G.

xiii




SD - standard deviation - see Appendix G.

STEPWISE DISCRIMINANT FUNCTION ANALYSIS - statistical procedure used in

data analysis - see Appendix G.

SUBTASK - set of specified MFK and DEK selections which logically could

be considered a complete task if accomplished independently.

TAILORED LOGIC - control logic programmed according to what functions are
most likely to be used in the current flight mode-sublevels tor
several systems are available without switch activation.

TASK - operation the pilot was required to complete on the MFK. Each

task involved either one task or several subtasks. No more than one

activation of a function select switch was required for each task.

VERTICAL SITUATION FORMAT - cathode ray tube used to present flight

! information.

VSF - see Vertical Situation Format.
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SUMMARY

Multifunction keyboards (MFKs) have been designed to integrate the
many dedicated control functions found in present day cockpits into a
more efficient arrangement. The primary purpose of this study was to
examine pilot performance during the operation of four different MFK
hardware configurations during flight in a single-seat cockpit simulator
of A-7D geometry. Two of the configurations were located on the left
side of the front instrument panel, while the remaining two were located
on the right side console and/or the right side of the front panel. The
configurations utilized two different types of hardware: projection
switches (legend on the switch face) and CRT (legend presented on a
display surface adjacent to the switch). All four configurations used a

telephone type digit keyboard for data input.

Analysis of data recorded during communication changes, navigation
updates, and weapon selections showed that pilot performance was
consistently better with the projection switch configurations. The
pilots stated that they preferred these configurations because the legend
was located on the switch, and they did not have to make the association
of the switch with the display surface legend. The additional search
time involved in associating the switch with the proper legend in

configurations utilizing a CRT penalized performance.

Xv




A secondary purpose of the study was to conduct a preliminary
evaluation of the ease of calling up data on the MFK. 1In order to

examine this question, two types of logic trees (branching - four steps,

tailored - two steps) were implemented for UHF frequency changes. 1t was
concluded that the design and implementation of MFK logic can have
significant effects on pilot performance, and that logic tailored to the
flight mode produces faster operation. The fact that significant time
savings can be realized on the UHF task implies that savings on more
difficult tasks may result in a considerable reduction in workload.
Additionally, the pilots were quite enthusiastic about the MFK concept
and indicated a preference for the Tailored Logic in their informal
reactions. It is suggested that the Tailored Logic should be used as the
primary logic in actual aircraft applications. The Branching Logic
should also be implemented concurrently so that the pilot can access

infrequently used functions not available in the Tailored Logic.

xvi |
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1. INTRODUCTION

1.1 BACKGROUND

As a result of the significant increase in the application of digital
computers to the avionics subsystem of both military and civilian aircraft
and the flexibility afforded by the ability to minaturize digital circuits
through the use of large scale integration, more subsystems and more infor-
mation can be made available to the pilot. If dedicated, single purpose
instruments and switches are used to display and control this information,
it is likely that locations outside the pilot's primary reach and vision
envelope will have to be used. As the information continues to increase,
it will not be physically possible to provide room in a cockpit for the
multitude of dedicated displays or the increased number of single-purpose

controls.

One means of optimizing location in terms of reach and vision
envelopes is to provide a single, multifunction control from which many of
the aircraft's functions, e.g. communications, navigation, and stores, can
be controlled. In addition, such multifunction controls and displays also
prevent the pilot from becoming overloaded by restricting the information
on controls and displays so only that which is relevant to the pilot's
current task is available. By changing the information contained on
cockpit displays and the purpose of switches as a function of changing
mission requirements, the digital computer not only can simplify the

pilot's task of performing routine functions, but also can optimize the
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information presentation and reduce the number of switches needed. Pilot
workload may be reduced in two ways. First, several functions relevant
to a mission phase can be consolidated in an optimal location, reducing
the search task and reach envelope. Second, unnecessary information may

be eliminated, reducing clutter and cross check problems. Realization of

ot

the full power of the digital computer depends upon the ability of the . |
pilot to interpret the different display formats and to properly select

the correct multifunction switch.

The Air Force has conducted a series of research efforts to examine

e -

the impact of digital computers on cockpits (References 1, 2, 3, 4). i

These efforts have centered around the engineering problems involved in
integrating the sensors, processors, and displays/controls in the digital
aircraft, and the human factors problems involved in piloting this air-

craft. The human factors research initially emphasized the electro-

optical display formats. However, early in these research efforts it
became clear that multifunction controls were equally as important, if

not more important, than the displays in determining the success of the

digital aircraft cockpit (Ref. 5).

A multifunction control is composed of several switching devices,

each of which may have different purposes at different times. Obviously
if the purpose of a switch is changing, it is important that its current
purpose be displayed. To accomplish this, multifunction switch legends
must be changed to reflect what operation they control. One type of

multifunction switch, called a projection switch, displays a different Voo




legend by selectively projecting different parts of a film strip onto the
switch front surface. In another type, the legend on the display
adjacent to the switch changes according to the purpose the switch is
serving at the time. Each change of a set of legends is called a logic

level.

Since only a portion of the control options are available at each
logic level (each switch has only one purpose at one time), one of the
most critical aspects of multifunction switching is determining the steps
required for task completion. The design process involves determining
what purpose each switch will serve and the sequence of actions the pilot
must use to perform required tasks. One means of designing the control
logic is to program it in parallel with subsystem operation so that each
switch activation causes various sublevels for the applicable system to
appear. In the study, this type of control logic was referred to as
Branching Logic and can be illustrated as shown in Figure I. Typically,
tasks are initiated by a set of dedicated switches which are used to
determine which set of logic functions will be addressed. These are
called function select switches. For example, a multifunction control
designed for aircraft cockpits is shown in Figure 2. The drawing
represents a Cathode Ray Tube (CRT) with push button switches mounted
along the outside edges. If the switches are push buttons or keys, the
device may be called a multifunction keyboard (MFK). Across the top of
the CRT display are nine, dedicated, single-purpose, function select
switches which, if activated, call up a particular set of options, which

constitute a logic level. The multifunction switches are mounted on the

aha o




BRANCHING LOGIC

! SUB- SUB- SUB-
1 SYSTEM 1 SYSTEM 2 SYSTEM 3
| (COMM) (NAV) (WPN)

SUB-
LEVEL 1
(UNF)

SuB-
LEVEL 2
(UHF CHNG)

SuB-
LEVEL 3
(DIGITS)

Figure 1. Schematic Representation of Branching Logic




left and right sides of the CRT. When one of the function select

{ switches is pushed, the legends relative to that function are displayed
on the CRT next to the switches. For example, when the switch labeled
COMM (abbreviation for communication) is selected, a set of radios
assigned to that function will be displayed (see Figure l)i At this
logic level, each of the radio options is associated with one of the
multifunction switches. The next step in the control sequence would be
} for the pilot to select the specific radio to be operated. This
selection would change the legends so that, at this logic level, the
pilot could turn on the radio, change a frequency, etc. Thus, each

switch activation sets up new switch legends which identify new pur-
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Figure 2. An Example of One Type of Multifunction Control
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poses for each switch. In this manner, a great number of operations may

be completed using only a small number of switches.

The MFK provides tremendous freedom for the cockpit designer in that
he can allocate a number of functions to a single control panel and, thus,
reduce the number of control heads and switches in the cockpit (Ref. 6).
This design helps the pilot by providing a single, easily reachable key-
board with which he may control several different systems. As a result,

cockpit clutter is reduced, panels in hard-to-reach places are

ﬁ eliminated, and switch actions become the same, i.e., pushes buttons.

However, there are some important issues regarding the use of the
MFK that the cockpit designer must consider. First of all, pilot

acceptance of the MFK depends on the ease of calling-up data on the MFK.

It is quite possible that operation of the conventional dedicated con-
trols is more rapid than progression through the switching logic. How-
ever, the advantage of having all switching controls within easy view and
reach may offset the inconvenience of additional necessary switch opera-
tions. Thus, it is essential that research be conducted to determine the
optimal method of implementing MFK configurations and identify the data
display and switch requirements in a mission context (Ref. 7). The
inclusion of a MFK in the cockpit should optimize the control capability
of the switch functions, increase the information available to the pilot,
and make the completion of required tasks, including all the controls and

displays, more efficient. \




, examined (see Figures 3 and 4).
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The main purpose of the study was to determine the optimal method of

implementing a multifunction keyboard (MFK) for fighter cockpit applica-
i tions. To accomplish this, pilot performance on tasks completed on four
different MFK configurations during flight in a cockpit simulator was
Two of the configurations were located
b | ori the left side of the front instrument panel, while the remaining two
were located on the right side console and/or the right side of the front
panel. The configurations utilized two different types of hardware:
projection switches (legend on the switch face) and CRT (legend presented

on a display surface adjacent to the switch). All four configurations

MER NAROWARE

MER NARDWARE ¢

Figure 3. MFK Configurations Evaluated




used a separate, dedicated telephone type digit keyvboard, with the

addition of CLEAR and ENTER keys.

Figure 4. Cockpit Simulator Used in the Evaluation

A secondary purpose of the study was to conduct a preliminary
examination of the ease of calling up data on the MFK. In order to
examine this question, two types of logic were examined. They were
Branching Logic (programmed in parallel with subsystem operation; Figure
2) and Tailored Logic (programmod according to what functions are most

likely to be used in the current phase of system operation; Figure 5).
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TAILORED LOGIC 1
SUBLEVEL 2 SUBLEVEL 2 SUBLEVEL 2
(UNF_CNNG) (CRS SET) (WPN OPT 1)

SUBLEVEL 3
(DIGITS)

Figure 5. Schematic Representation of Tailored Logic

The test design provided for the analysis of the pilot's ability to
maintain specific flight parameters and operate the MFK to complete
various mission related tasks. Subjective evaluations of the MFK
configurations and display formats were also obtained by the

administration of a debriefing questionnaire.
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2. TEST APPARATUS

A single-place cockpit of A-7D geometry was fabricated to accomodate
the electro-optical displays and MFKs. The cockpit layout is shown in

Figure 4.

2.1 COCKPIT CONFIGURATION

2.1.1 MFK Configurations

The hardware and implementation of the four MFK configura-

tions are described in the following paragraphs (see Figure 3).

2.1.1.1 MFK Configuration 1

MFK configuration 1 consisted of eight dedicated
push button function select switches in a row across the top of the CRT
and ten push button multifunction switches mounted in columns on the left
and right sides of the CRT. Only seven of the dedicated function select
switches were operable and had legends displayed on the switch face. For
the ten multifunction switches, the legend on the display adjacent to
each switch changed according to the function the switch was serving at
the time. These switches were only operable when information was

displayed adjacent to the switches on the CRT.




2.1.1.2 MFK Configuration 2

MFK configuration 2 was mounted on the left front
instrument panel and consisted of 18 push button switches. Seven of the
eight switches across the top served as dedicated function select
switches and had legends displayed on the switch front surface. The
other ten switches were multifunction switches having the capability to
display different legends by selectively projecting different parts of a
film strip onto the switch face. No switch/legend association was
required with this hardware type -- the legends were located on the
switch face. The legends on these projection switches were appropriate
to the function each switch was serving at the time. Only those switches

displaying information were operable.

2.1.1.3 MFK Configuration 3

MFK configuration 3 used the same hardware as

configuration 2, but located it on the right side console of the cockpit.

2.1.1.4 MFK Configuration 4

MFK configuration 4 was also located on the right console.

The keyboard consisted of the same 18 push button switches used in

configuration 3. Seven of the eight switches across the top served as

dedicated function select switches and had legends displayed on the

11
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switch face. The legends for the multifunction switches, however, were

not located on the switches, but rather appeared on a CRT located on the

right front instrument panel. The legends were appropriate to the
function each switch was serving at the time. The switches were only

operable when information corresponding to the switch was displayed on

the CRT.

2.1.1.5 MFK Implementation

Although the hardware for three of the four MFK
configurations was mounted in the cockpit during the simulation, only one
of the four MFK configurations was active during a test run. The switches
on the MFK being tested became oéerable when the experimenter initiated a
task and remained operable until task completion. The data entry key-
board (DEK) being tested (left console DEK in Configurations 1 and 2,
right console DEK in Configurations 3 and 4) became operable and lighted
when the pilot was required to select and enter digits. The DEK consisted
of twelve dedicated push-button keys; the switches were arranged in 4 X 3
telephone layout with the CLEAR and ENTER keys on the left and right
sides of the zero, respectively. For some tasks, the letter N, S, E, W,
X, and Y could be selected on the keys labeled 2, 8, 4, 6, 7, and 9,
respectively. The MFK and DEK not being examined remained inoperable and
unlighted for the duration of the flight. All four hardware

configurations were functionally redundant.

12
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2.1.2 Electro-optical Displays

Electro-optical displays were used in the present study to

provide information to the pilot (Figure 6). The Vertical Situation

VSF

OO

cm:nacmj

Figure 6. Electro-optical Displays in the Cockpit Simulator

Format (VSF) was presented on a six-inch diagonal color CRT (Figure 7).
The VSF presented the information available on the conventional Attitude
Director Indicator (ADI) along with additional data. The Horizontal
Situation Format (HSF) was presented on an seven-inch diagonal black and

white CRT and consisted of a representation of the route of flight and

13

e




navigation information (Figure 8). The Multipurpose Displays (MPDs)

which displayed mission related data to the pilot were presented on two

six~inch diagonal black and white monitors. In MFK configurations 2, 3,

and 4, the upper right MPD (MPD 1) displayed communication and navigation
data during the CRUISE flight mode (Figure 9) and displayed the same
information plus stores data during the NAV BOMB flight mode (Figure 10).
MPD 1 was blank in MFK configuration 1. The lower right MPD (MPD 2)
presented pre~entry readout information for MFK configurations 2 and 3
(Figure 11), the multifunction switch legends for configuration 4, and
status information (communication, navigation, and/or stores data) for
configuration 1. For a more complete description of the electro-

optical displays, see Appendix A.
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Figure 10. MPD 1 Format for Nav Bomb Flight Mode
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Figure 11. MPD 2 Format for Pre-entry Task Information
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l 2.1.3 Dedicated Displays and Controls

4
Eé Most of the backup flight instruments in the cockpit
| simulator were inoperable so that the pilot was forced to use the
L? information displayed on the VSF and HSF to maintain control of the
aircraft simulator. However, the following devices were operable and
lf available for use by the pilot:
|
i
1 a) Angle of Attack Indicator
‘ b) Engine Instrumentation
;: c) Pitch Trim Knob

d) Master Arm Switch
e) Trim Button and Bomb Release Button
on the Stick

f) Cruise and Nav Bomb Flight Mode Switches

g) Throttle

h) Control Stick and Rudders

Appendix A provides a more complete description of the

dedicated instruments and switches.
2.2 EXPERIMENTER'S CONSOLE AND SIMULATION FACILITIES

The experimenter's console was equipped with CRT displays and status

lights which provided the experimenter with the capability of monitoring

17
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the displays in the simulator and the switch actions (Figure 12). The

exper imenter could also control the initiation of keyboard tasks and the
termination of test flights. A layout and description of each piece of
equipment on the console that was used in the present study is provided

in Appendix B.

.tra

Pl ey

Exper imenter's Console

Figure 12.
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3. TEST METHOD/APPROACH

3.1 TEST OBJECTIVES

The purpose of this study was to determine which of the MFK
configurations is best in terms of pilot performance. Briefly, the four

different MFK configurations examined during simulated flight were:

1) CRT version of a MFK on the front panel,

2) Projection switch version of a MFK on the front panel,

3) Projection switch version of a MFK on the right comsole,

4) MFK on the right console with the corresponding multifunction

switch legends displayed on a right panel CRT.

The test design provided for analyses of: (1) several objective
per formance measures for flight director deviations in pitch and bank
axes and groundspeed deviations; and (2) two objective per formance

measures for keyboard operation. Questionnaire data was also obtained.

3.2 TEST DESIGN

Per formance for each pilot subject was observed under each of the
four keyboard configurations. Only onme of the four keyboard configura-
tions was evaluated in each test flight. The pilots flew one flight with
each of the keyboard configurations, making a total of four test flights

scheduled for each pilot. (See Appendix C for daily test schedule).

19
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The order in which the pilots flew each keyboard configuration was

determined by the restrictions required for a balanced Latin square such
that a flight with any one configuration was preceded equally often by
each of the other configurations. Four missions having the same number
and type of task events were used. The missions were randomly assigned
to the flights such that each mission was flown the same number of times
with each MFK configuration. Specific task order and data entry informa-

tion was independently randomized for each mission (see paragraph

B2 L),

3.3 TEST SUBJECTS

A total of sixteen A-7D pilots served as subjects in this

experiment. The subject pilots had an average of 2564 flying hours.

3.4 TEST PROCEDURE

3.4.1 Pilot Briefing and Training

Throughout the briefing and training phases of the experiment
the procedures were standardized such that each pilot received the same
information and opportunity for familiarization with the keyboard logic,
cockpit simulator, and procedures. Initial briefings and training were
conducted for small groups at the subject pilots' home base prior to

their participation in the testing at Wright-Patterson Air Force Base.
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After familiarizing the pilots with the advanced "digital" airplane

cockpit concept, the controls, displays, and procedures to be used in the

current study were explained. Training related specifically to the

operation of the MFKs was then given in order to familiarize the pilots

with the logic
test flights.

random access s

switches was used to simulate some of the available functions on the MFKs

mounted in the

familiarize the

trees for each type of task to be completed during the
Each subject pilot participated in a briefing where a

lide projector and control panel made up of push button

cockpit simulator. The purpose of this training was to

pilots with multifunction switches and progression

through task logic levels. Also, the subjects heard a detailed logic

briefing involving MFK logic packages which showed the operating sequence

for each type of task.

After the home base training, each pilot traveled to Wright-

Patterson Air Force Base for on-site cockpit simulator briefing and

testing. The information explained or demonstrated during the briefing

is noted below.

1)
2)

3)

4)
5)

6)

The symbology and dynamics of the display formats

The type and location of each MFK configuration

The operating sequence for each type of task to be
completed during the test flights

The pilot's tasks

Procedural instruction

Pre-entry readout, error messages, status information,

and MPD formats

o .




7) Correction procedures after entering the wrong digits
or incorrectly progressing through the logic level
steps

8) The use of the throttle, pitch trim knob, stick
switches, backup flight instruments, flight mode
switches, engine instruments, master arm switch,

intercomm system, and switch brightness controls

During the briefing, a demonstration was given in which the
displays were illuminated and the keyboards were operable, but the
scoring program was inactive. The airplane model was aiso placed in a
"hold mode" so that the pilot was not required to "fly" the simulator
while he practiced the selection of appropriate logic level options for
each task. The keyboard practice was such that each pilot completed
operations on three of the four MFK configurations. The operation of the
fourth configuration, although not actually experienced by the pilot
because of time constraints in changing hardware, was explained to him.
The configuration that was not activated during the briefing was balanced

across pilots.

After the cockpit briefing, a simulation training flight was
conducted in order to give the pilot experience with the handling
qualities of the simulator, keyboard operation, and operational pro-
cedures of the test conditions. During the training flight, the pilot

completed at least five tasks on the three MFK configurations used in the

22
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briefing. The configuration that was not activated during the training

flights was balanced across pilots.

3.4.2 Test Flights

3.4.2.1 Mission and Tasks

Four missions involving simulated flight in CRUISE
and NAV BOMB flight modes were used. (Additional mission information and
the initial conditions for each mission are provided in Appendix D.)
Throughout each flight, the symbology and information displayed on the !
VSF and HSF were dynamic in response to thrust, bank, yaw, and pitch
inputs. The ground tracke did not involve any turns greater than 30
degrees and took approximately 30 minutes to fly at the conditions
specified. Information on the status display was updated in response to
data inputs on the MFK and aircraft position. When the NAV BOMB flight
mode switch was selected, weapons information was shown on the status
display in addition to the communication and navigation status and the
first logic page was displayed on the MFK (Section 3.4.2.2 and Appendix

E).

The pilot's flying task was to maintain ground-
speed and keep the flight director symbol centered on the VSF during

approximately 200 miles of flight. The pilot's keyboard task was to

complete communication, navigation, and stores management tasks on the
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MFK. These tasks were felt to be typical of tasks encountered on a
single-seat fighter aircraft mission. The fact that both flying
per formance and keyboard operation performance were to be recorded was

stressed to the pilots.

Each of the four missions involved the same type and
number of keyboard tasks. The tasks are shown in Table 1. The data
entry information and task order was randomized independently for each
mission. The NAV BOMB tasks, however, were completed after the CRUISE
Mode tasks with the exception of the task involving navigation mode
change to TACAN which was always the final task of each flight. Mission
scenarios were constructed around each set of randomized tasks in order
to provide a high degree of external realism. In this way, the task
orders appeared logical. The task instructions were given over the
headset using standard controller terminology. (See Appendix D for task

order data entry information and mission script excerpts.)

3.4.2.2 MFK Logic

Each task that the pilot was required to complete in
the CRUISE flight mode involved either onme task or several subtasks. Only
one activation of a function select switch (either COMM for communication
functions, NAV for navigation functions, or STORES for weapon functions)
was required for each task. A subtask was defined as a set of specific

MFK and DEK selections which logically could be considered a complete
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TASK

1. TASK:

2. TASK:
3. TASK:
4. TASK:
i
5. TASK:
6. TASK:
7. TASK:
8. TASK:
9. TASK:
10. TASK:
11. TASK:

TABLE 1

MFK COMMUNICATIONS, NAVIGATION, AND WEAPONS TASKS

Change UHF Frequency

(CRUISE Flight Mode)*

Change IFF to STANDBY

Change IFF mode in/out status

SUBTASK: Change IFF mode & code

SUBTASK: Change IFF mode STANDBY
to NORMAL

SUBTASK: Change IFF mode & code

SUBTASK: Change IFF mode in/out
status

Change TACAN channel

Add new waypoint

Create weapon option

SUBTASK: Change TACAN channel

SUBTASK: Set course

SUBTASK: Change navigation mode
to TACAN

Change UHF frequency (NAV BOMB
flight mode)

Select weapon option (NAV BOMB
flight mode)

11 types of MFK tasks
17 tasks per mission or flight

25

NUMBER PER MISSION

*All tasks were performed in the CRUISE flight mode, except tasks 10 and
11, which were completed in the NAV BOMB flight mode.




task if accomplished independently. For example, an IFF mode/code change
could be a complete task as could an IFF mode in/out change. When the
two changes were made without an intervening activation of the COMM
function select switch, they constitued subtasks. Prior to testing, the
pilot was instructed that once he had started a subtask, he should
complete it before starting another subtask. If the pilot did not
correctly complete a subtask he was working on before he initiated
another subtask, the computer ignored the selection made for the previous
subtask and recognized the selections for the new subtask. 1In order to
correctly complete the task, the pilot eventually had to redo the subtask

he did not complete correctly.

Completion of each subtask required a particular
operating sequence on the MFK. Each step in these operating sequences
was called a logic level. Examples of the logic level sequences and
specific legends are shown in Appendix E as well as a description of the
operating sequence for each task type. 1In addition, the format of the
pre-entry and status information on the MFK display is explained. The
following paragraph briefly describes the operating sequence or logic

levels for the tasks completed by the pilots in the experiment.

The keyboard logic used in the CRUISE flight mode,
in which pilot selection of a function select switch called up pages of
options appropriate to that single function, is referred to as Branching

Logic (Figure 1). In the NAV BOMB flight mode, a different type of
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keyboard logic or operating sequence was used. Rather than present the
second level options only appropriate to the function select switch
chosen, the logic used in the NAV BOMB flight mode allowed the pilot
access to the second or third logic level for several functions. The
options provided on the first page were options that the pilot was likely
to require during the particular phase of flight selected on the flight
mode switches. Controlling the MFK in this manner was called Tailored
Logic (Figure 5). In order to contrast Branching and Tailored Logic, the
following example is given. The Branching Logic used for the UHF
communication task previously described required selection of the COMM
function select switch, UHF multifunction switch on the first page from
the available radios, UHF CHNG multifunction switch, digits and ENTER on
the DEK. The Tailored Logic used in the NAV BOMB flight mode, however,
presented immediately available options for several functions (UHF CHNG,
BOMB TGT, ALT HOLD, CRS SET, WEAPON OPTION, etc.) when the NAV BOMB
flight mode switch was selected. To complete a UHF change, the pilot had
to select only the UHF CHNG multifunction switch, digits, and ENTER on

the DEK.

3.4.2.3 Procedure

The exper imenter not only had the capability to
monitor the pilot's keyboard and flying performance, but was able to
control the initiation of keyboard tasks and termination of test
flights. A schematic representation of the procedural steps is shown in

Figure 13.

27

:Fi




e
(*l;\
il
EB-:I;IH~
&

@M 5 | -—@ “
@——EJ @ wy o)

Figure 13. Schematic Representation of Procedural Steps for a Task

3.4.2.3.1 Pre-event Period of Baseline Flight

Per formance

The experimenter pushed a "pre-event

switch" on the console which started a thirty second timer. Activa-




3
3

tion of this switch automatically designated the pre-event period of
baseline flight performance recording. The pre-event switch remained
lighted during the pre-event period. Concurrently, a countdown by

seconds was displayed on the experimenter's status display. When the

displayed countdown reached zero, the zero flashed until the experimenter

initiated the task.

3.4.2.3.2 Task Event Instruction Period

Once the thirty second pre-event period
of baseline performance had been recorded (pre-event switch light off,
countdown "zero" flashing), the experimenter requested the pilot to
complete a preprogrammed task. (Using these procedures, time to request

a task or to acknowledge the instruction was not a part of the pre-event

or task event time).

The experimenter followed a written
script (Appendix D) to insure that each pilot received the same
instructions for a particular task and mission. All the experimenter's
instructions were given over the headset using standard controller
terminology. The information required by the pilot to complete the tasks
was provided on a modified Flight Plan (AF Form 70; Appendix D) and was
referenced during the instructions by the corresponding letter, or

number. For example, the UHF frequencies and IFF mode codes were

identified by a letter on the Form 70. Instructions to enter waypoint
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coordinates were given by the experimenter as a numerical "November
point" and weapon parameter information was identified by weapon option
numbers. TACAS information, however, was referenced by both the
corresponding name and channel digits. By identifying the information in

this way, errors due to forgetting the information were minimized,

3.4.2.3.3 Task Event Period: MFK Operation

Prior to Task or Subtask Completion

Concurrent with the pilot's acknow
ledgment of the instructions, the experimenter pushed an "event wmarkerv
switch" on the console to initiate the task. Activation of the event
switch started recording of the flight parameters and keyboard operation
measures and activated the appropriate MFK. Once the switch was

activated, it remained lighted until the task was successtfully completed.

The activation of the MFK enabled the
pilot to select the appropriate options at each logic level for that
particular task. Due to computer memory limitations and time
constraints, only the options required for the tasks to be used in this
experiment were programmed. If the pilot selected an option that was not
programmed, he received the message "OPTION N/A" for that switch on the
CRT or projection switch type MFK. The legend disappeared with the
selection of a programmed option. To correct the mistake, the pilot

pushed the correct option for that task. Mistakes made by pushing an
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inappropriate programmed switch were corrected in the following manner:
selecting the correct option if available on the same page or pushing the
RETURN or appropriate function select switch and then selecting the

correct option.

Once the pilot had progressed through the
logic levels to the switch action that activated the DEK (DEK illumi-
nated), each digit selected was displayed to the pilot. (This pre-entry
readout was on the MFK in configuration 1 and on MPD 2 in configurations
2, 3 and 4.) The pre-entry readout provided the pilot with the
capability to verify that the digits selected were accurate. If the
pilot made an error that was in the appropriate range or realistic for
the task (example: 236.7 instead of 236.6 UHF frequency), the incorrect
digit(s) were displayed in the pre-entry readout (236.7). In order to
correct the mistake, the pilot had to clear the incorrect digit. One
push of the CLEAR key on the DEK erased the last selacted digit. Two
pushes of the CLEAR key erased all the digits selected since the last
activation of the ENTER key. The DEK remained activated and lighted

after any push of the CLEAR key.

In addition to the pre-entry readout, an
error message was displayed to the pilot when an error was made that was
out of the appropriate range or unrealistic for a task. For example, if
6 was selected for the first UHF frequency digit, the message ''BAD DATA"

was displayed to the pilot next to the preentry readout. (As a first
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entry, a 6 is not in the appropriate frequency range for the UHF radio.)

The actual illegal digit never appeared on the pre-entry readout, but was

ignored by the computer. The DEK remained active and when the pilot made

another switch hit on the DEK, the '"BAD DATA" message disappeared. A

second example involves the pilot selecting 21 instead of 22 as the first

two digits of a UHF frequency 225.0. In this case the first digit was
legal, but the second digit was out of the appropriate UHF range. Since
the computer ignored the illegal digit and the first digit selected was
legal, the pre-entry readout was 2 with the '"BAD DATA" message dis-
played also. Of the first two digits, only the second digit had to be

reselected.

In the case where the pilot pushed too
many legal digits, the message "CHECK DATA" was displayed ne«t to the
pre-entry readout, the pre-entry readout remained except that the sur-
plus digits were ignored by the computer, and the DEK remained active.
If the remaining selected digits were the desired entry (236.7 dis-
played if 23677 pushed), the pilot pushed the enter button. If the
desired entry was 236.6 instead of 236.7, however, the pilot had to
operate the CLEAR function to erase the 7 and select 6 in order to
complete the task correctly. The '"CHECK DATA" message disappeared with

the first hit of the CLEAR or ENTER key.
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3.4.2.3.4 Task Event Period: Verification after

Task or Subtask Completion

The pre-entry readout and various

messages described in the previous section only pertain to the keyboard
operation prior to actual completion of a task or subtask. The majority
of tasks or subtasks to be used were considered complete once the pilot

selected the ENTER key on the DEK. (Exceptions are noted in Appendix E.)

Once a task or subtask was completed,

whether it was correct or incorrect, all recording of data stopped. If a
data entry had been required as part of thg task, the DEK deactivated and
the preentry readout disappeared. The computer then checked to see if
the data selections and entry were the same as the information programmed
for the subtask. The following describes the MFK configuration and
operating procedures after the computer determined whether the completed

task or subtask was incorrect or correct.

a) Incorrect task or subtask

completion. 1If a task or subtdsk was completed incorrectly, the pilot
was required to redo it. 1In the case of a task with several subtasks,
the pilot only had to redo the subtask that had an error. Any subtask
that was previously completed correctly did not have to be redone. The
subtask or task error was displayed to the experimenter on the comnsole

and the pilot's MFK remained active at the last level before subtask
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completion. Note that the DEK was deactivated; if the pilot had to make a
digit entry to correctly complete the retry, he had to reselect the
switch on the MFK which calls up the DEK. After the pilot was notified
by the experimenter over the headset that an error was made, the pilot
started to redo the task or subtask; the pilot's first switch hit on the
ﬁFK of the retry initiated the recording of data. When the keyboard
operation was completed again, the recording stopped and the computer

verified the entry.

b) Correct subtask or task comple-

tion. When the computer verified that a completed subtask or task was
correct, the computer then checked whether more subtasks were to be
completed at that time. If another subtask was to be completed, the MFK
remained activated at the last level used during the comple-

tion of the previous subtask. (The DEK was automatically deactivated at
subtask completion whether correct or incorrect). The pilot's first
switch hit on the MFK for the next subtask initiated data recording. In
the case where no more subtasks were to be completed the MFK and the DEK

became blank and deactivated, and the task was considered finished.

An exception where the pre-entry readout
remained after subtask completion was when the pilot entered too few
legal digits (Example: 236 for 236.7 UHF frequency). In addition, the
MFK and DEK remained active and the message "RE-ENTER DATA" was displayed
next to the readout. The pilot's first MFK or DEK switch hit of the

retry initiated the recording of data and erased the message.
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3.4.2.3.5 Task Abort and Flight Termination

Activation of the "ABORT TASK" switch on
the experimenter's console terminated recording of a task and provided
the experimenter with the capability to initialize the pre-event period
for the next programmed task. This switch was only activated if the
experimenter foresaw that the data being recorded was unusable and that

the task would eventually have to be rerun.

After the pilot completed all the
required tasks for the flight successfully, the experimenter terminated
the flight by pushing the "MISSION COMPLETE" switch on the console.
After the flight had been terminated, the summary statistic program was
run to insure that all the data had been recorded. It should be noted
that the capability existed to record data for any single task without
rerunning the whole data flight. The scoring program recognized only

completed blocks of data and ignored any incomplete task data.
3.4.2.3.6 Debriefing

Immediately after each flight the pilot
was given a two page questionnaire concerned with the design of the
activated MFK configuration and how progression through the logic
implemented on the MFK configuration compared with the operation of the

standard control head for each function. Following the completion

35




of all data flights, each pilot filled out a questionnaire designed to
elicit subjective evaluations of the MFK configurations, keyboard logic,
LI display formats, and simulation qualities. In addition, each pilot

completed a form concerning his background flying experience. (See

Appendix F).
3.4.2.3.7 Performance Measures and Data Analysis

The pilot's performance in terms of
flying the simulator and operating the MFKs was measured. The following

flight parameters were recorded two times per second on magnetic tape.

Groundspeed (knots)
Bank steering error (arbitrary units)

Pitch steering error (arbitrary units)

Appropriate summary statistics (average
error, AE; average absolute error, AAE; root-mean-square error, RMS;
standard deviation, SD; See Appendix G for formulae) were computed on
these flight parameters for:

a) The thirty second period prior to each task event (pre-event

period),

b) The time period during which the pilot correctly selected and

entered information for an assigned task event.
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The thirty second pre-event time was
designated as baseline performance. Summary statistics for the pre-
event time for each parameter were subtracted from the correspond-
ing values computed for the time period required by the pilot to
correctly complete an assigned task event. This difference score
quantified the level of flying task performance during keyboard task

per formance.

Keyboard task performance was

evaluated by measuring:

a) Keyboard operation time to
correctly complete an assigned

task.

b) Number of switch hits.

Since the number of required switch hits varied with task type, a
switch hit index called Figure of Merit (FOM) was computed for each
task by dividing the actual number of switch hits by the number
required to accomplish the particular task without error. Fcr an
example computation, see Appendix G. An error-free task produced a
FOM of 1.0 and as errors increased, the FOM increased. It should be
noted that the selection of the NAV BOMB and CRUISE flight mode
switches during the flights was not counted in the FOM, nor were the

master arm switch and pickle button during the weapon release.
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The flight data, keyboard operation

time, and FOM were recorded on magnetic tape for each task. The data
2 were initially analyzed by multivariate analysis of variance (MANOVA)

using the BMD 12V statistical program available on the CDC 6600
% computer (Reference 8). 1In those cases where the MANOVA revealed
significant effects, subsequent analyses were conducted by stepwise
discriminant function analyses (BMD 07M) in order to determine which
of the dependent variables were most sensitive to changes in
independent variables. The eight dependent variables which were

selected for these analyses are shown in Table 2.

In the first phase of the data
analysis, each type of task event completed by the pilots was
examined separately. For example, the data recorded during UHF radio
changes was treated apart from the data recorded during TACAN channel
changes. A MANOVA of the UHF task using two types of keyboard logic
(Branching and Tailored) was conducted in the second phase. Data
obtained from the debriefing questionnaires was compiled to be pre-
sented in tabular form and appropriate nonparametric analyses were
conducted (See Appendix G). Descriptive statistics were computed on
the biographical data obtained from the flight experience question-
naire to obtain an overall view of the characteristics of the pilot

sample.
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The following is a list of the summary statistics analyzed by

multivariate analysis of variance and discriminant function analyses.

1.
2.
3.
4.
5.
6.
7.

8.

Summary Statistics for Each Dependent Variable

Groundspeed (knots)

Bank steering bar (arbitrary units)

Pitch steering bar (arbitrary units)

Keyboard operation time (seconds)

Switch hits error (figure of merit)

AAE
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4. RESULTS

The results of the statistical analyses conducted on the objec-

tive per formance measures are presented. (All tests conducted at a =

.05). The findings of the data analyses conducted on each type of task
will be given first, followed by the comparison of the UHF tasks using
two types of logic. Results of the nonparametric tests performed on the
sub jective questionnaire data will be included in the appropriate

sections of the discussion (Section 5).

4.1 PERFORMANCE DIFFERENCES AMONG CONFIGURATIONS DURING EACH TYPE

OF TASK

Per formance during five of the types of tasks was analyzed for each
of the four MFK configurations. The tasks were: IFF, TACAN, Stores
(weapon option creation), UHF, and Waypoint Load.* While the results for
each of these tasks will be discussed in detail in the following para-

graphs, an overview of these results is given in Table 3.

The MANOVA of the IFF tasks indicated that pilot performance

significantly differed depending on the MFK configuration type used.

*Two other tasks (Weapon Option Select and Navigation Mode Changes) were
not included in the analysis. Due to the nature of the tasks, the
experimenter had to give directions during task completion which

contaminated the data.
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(F =1.77, df = 24, 676.4, P < .05). A stepwise discriminant

i function analysis indicated that keyboard operation time was the

1 dependent variable most sensitive to MFK configuration differences (F
| =7.37, df = 3, 252, p <.01). Performance was significantly better
_i with MFK configurations 2 (12.2 seconds) and 3 (12.6 seconds) than

| that for configuration 4 (20.1 seconds; P <.01) and configuration 1

(16.6 seconds; p <.05). See Figure 14,
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Figure 14. Mean Keyboard Operation Time Required for Completion of

IFF Tasks With Each MFK Configuration Type

The four types of IFF tasks required 3, 5, 11 and 13 switch
hits, respectively. A significant main effect for performance
differences among these task lengths was found in this analysis (F =

7.51, df = 24, 676.4, p <.01). The absence of a significant configu-
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ration by task length interaction indicated that performance with MFK

configurations 2 and 3 was better than that with 1 and 4, regardless

of IFF task length.

The results of the MANOVA for the TACAN channel changes also
revealed that pilot performance significantly differed depending on
the MFK configuration types used (F = 1.76, df = 24, 502.4, p <.05).
A stepwise discriminant function analysis identified keyboard opera-
tion time again as the dependent variable most sensitive to differ-
ences between the types of MFKs (F = 9.34, df = 3, 188, p <.01).
Keyboard operation time was significantly faster with MFK configura-
tions 1 (11.4 seconds), 2 (10.3 seconds), and 3 (10.5 seconds) than

with configuration 4 (14.3 seconds; p < .0l; see Figure 15).
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Figure 15. Mean Keyboard Operation Time Required for Completion of

TACAN Channel Changes With Each MFK Configuration Type
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These differences are paralleled in an analysis of the Stores

task. While the data does not achieve significance at the .05 level
(E = 1.48, df = 24, 502.4, p < .10) the trends are clearly supportive
of the TACAN data. The discriminant function showed that keyboard
operation time was the most sensitive variable, with configuration 4
being significantly worse than the other three configurations (p <

.01).

Multivariate analyses of UHF frequency changes and the addition
of new waypoints failed to reveal any significant differences in

per formance between the configurations (F < 1).

4.2 PERFORMANCE DIFFERENCES FOR BRANCHING AND TAILORED MFK LOGIC

Significant per formance differences due to type of keyboard
logic were found in the MANOVA for the UHF tasks completed with
Branching Logic and Tailored Logic (F = 2.92, df =8, 113, p < .01).
The results of a stepwise discriminant function analysis of this data
showed that keyboard operation time (F = 5.55, df =1, 123, p < .05),
and bank AAE (F = 4.69, df =1, 123, p < .05) were the dependent
variables most sensitive to the type of logic used. Operation of the

MFK to change UHF frequencies was faster with the Tailored Keyboard

Logic (9.6 seconds) than with the Branching Logic (11.6 seconds;
Figure 16). Contrary to this finding, inspection of Figure 17,

illustrating bank AAE for each type of logic, indicates that the
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Figure 16. Mean Keyboard Operation Time Required for Completion of

Figure 17.
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pilots had more difficulty maintaining bank with the Tailored Logic
as compared to that with the Branching Logic. The implications of
faster per formance but less stable bank control with the Tailored

Logic will be addressed in the Discussion Section.
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S. DISCUSSION

In this section, the results reported in Section &4 are

discussed. Findings are interpreted and explanations suggested for:

1) MFK configurations evaluted (Figure 3; Section 2.l1.1) and

2) MFK logic examined

When applicable, the subjective responses of the participating pilots

are referenced.

5.1 MFK CONFIGURATIONS

It is suspected that the performance differences among MFK
configurations found in the operation time data were due to the
additional visual search and hand motion required in configurations 1
and 4. (The MFK configuration differences were more apparent in the
task types which require additional visual search and hand motion due
to the way in which the logic was programmed. [See Section 5.2.1].)
In both MFK configurations 1 and 4, the pilot was required to locate
the desired legend on a CRT, associate the legend with the correspond-

ing switch, and then select the switch. Moreover, some of the CRT
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legends in configuration 1 were not optimally aligned with the
switches for different viewing angles/seat adjustments. (Seven of
the pilots commented that they experienced some difficulty selecting
the switch which corresponded to the appropriate legend on the CRT
MFK.) 1In configuration 4, the switch/legend association was even
more difficult to accomplish since the CRT was spatially separated
from the switches. One pilot commented that he found himself
"counting the position of the information desired and then counting
to determine which button to press." (The pilots also rated con-
figuration 4 significantly worse than configurations 1, 2, and 3 on a
pairwise comparison of the four configurations (X2 = 26.38 p < .01;

see Appendix G).

The results of the data analyses show that pilot
performance was worse in configurations where additional search time
and hand motion were required to associate legends and switches. The
performance difference for configuration 1 was of smaller magnitude
than that for 4, and whether the worse performance with configuration
1 was a practical difference is open to question. At the very least,
the findings emphasize the importance of switch/legend alignment - if
such a device is to be used, the relationship of the switch to the

display must be unambiguous and immediately apparent.

Pilot performance was especially poor in configuration 4 where

the pilot was required to derive a spatial correspondence between the
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legends on the front instrument panel and the switches on the right
console. (It took the pilots 2.9 seconds longer to complete TACAN
channel changes and 7.9 seconds longer to complete IFF tasks using
this MFK configuration, relative to the best configuration.) Whether
this is a practical difference when cockpit constraints may dictate
the location and use of this hardware type remains to be determined.
It is quite possible that this configuration is acceptable as a
backup to a primary MFK or in high acceleration cockpit applications
where front panel displays cannot be reached and side panel controls
cannot be seen. These possibilities can be answered only in the
context of a specific system design. But the study did provide data
on the size of the performance penalty to be expected when using this
type of hardware. (It should be noted that this effect was
confounded with the effects of right hand location. Additional
experimentation would be required if this confounding needed to be
resolved or to determine the useability of this type of hardware on

the left console).

The data further showed that pilot performance was better with
MFK configurations in which the legend was located on the switch
surface (configurations 2 and 3). The pilots commented that switch
selection was easier when the legend was on the switch since no
switch/legend'association was required. However, one disadvantage

with such hardware as implemented in this study was noted by the

pilots. The task data (system status, pre-entry readout, etc.) was

ugﬂh et
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separated from the MFK, whereas in configuration 1 and 4, the

information was displayed on the CRT with the legends.

Concerning MFK location, the subjective data indicated that the
pilots preferred that the MFK be located on the left side of the
cockpit. In comparing the four configurations, the pilots rated
counfiguration 1 (left side) better than 3 (right side) (x> = 9.88,

p <-.01) and 2 (left side) better than 3, its twin on the right side
(X2 = 9.13, p <.05). The comparison of configurations 1 and 2,
both on the left side, were not significantly different. Ten of the
pilots commented that they preferred that the MFK be located on the
left side of the cockpit so that their right hand would be free to
control the aircraft. However, in the present experiment, there was
no significant degradation of flight performance when the right
console MFK configurations were used. This was probably due to the
relatively simple level cruise mission the pilots were required to
fly. Most likely, per formance differences among the configurations

would occur if a more difficult flight mission was required.
5.2 MFK LOGIC
5.2.1 MFK Logic Design Considerations

A more detailed examination of the switch hits required by

the logic for each task type suggests an explanation for why MFK con-
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figuration differences were only observed in some tasks, and also

stresses the importance of several design criteria to the optimiza-

tion of MFKs. An attempt will be made to show that the configuration |
differences discussed in Section 5.1 are more apparent in the tasks
which had additional visual search and hand motion due to the follow-

ing conditions:

1) Several different subtasks were required under one
task type (IFF MODE/CODE, IN/OUT, etc.) and the subtasks were

randomly assigned throughout the flight.*

2) Task completion required selection of different MFK
multifunction switches, rather than repeated selection of the same

switch.

3) Task completion required selection of switches in

nonideal locations (other than top and bottom switches of columns).

Complet on of the IFF tasks involved all the above three
conditions. First, the pilot's choice of switches depended upon which
of the programmed functions the experimenter specified. Secondly,
IFF tasks completion involved selection of different multifunction

switches rather than repeated selection of the same switch; sometimes

*See Sections 3.4.2.1 and 3.4.2.2 for description of tasks and

procedures used in establishing task order, etc. 1
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a third or fourth switch hit on the MFK was required. Thirdly, only
one IFF function, MODE/CODE, was in what is considered an ideal
location (top key of left column). Rote learning of switch sequence
and location was considered highly unlikely due to the short duration
of this simulation. Thus, extensive visual search and hand motion

was required in the completion of IFF tasks due to the way in which

the IFF logic was programmed.

The TACAN task also required a visual search of the MFK
in order to locate two different switches in nonideal locations
(i.e., second and fourth on left column) prior to selecting the
appropriate switch. This task differed from the IFF task in that no

subtasks were required for the TACAN tasks.

The stores tasks also did not have subtasks. The stores
tasks did, though, require selection of more multifunction switches:
all five switches of the left column and the third switch of the
right column. Most of the subject pilots accomplished the task by
hitting the top left column switch first and then the second left
switch and so on.

This left column switch selection method may have

lessened the visual search requirements for this particular task.
The absence of performance differences due to MFK

configuration type in both the UHF and Waypoint Load task was most

likely due to the fact that these tasks required less visual search
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and hand motion. Completion of the UHF task required two successive
pushes of the same multifunction switch. Furthermore, the required
switch was located ideally (top switch of left column). Selection of
two different multifunction switches was required in the Waypoint
Load tasks and one of the switches was in an ideal location (top
switch of the right column). The required functions for both of

these tasks remained the same throughout the flights.

As can be seen in the foregoing, performance differences
between MFK configurations were more apparent when task completion
involved additional visual search and hand motion. Configuration
differences were found in tasks where the subtasks varied throughout
the flight (e.g. subtasks within IFF) and where tasks completion
required selection of different MFK switches in nonideal locations
(e.g., IFF and TACAN tasks). Differences among the MFK configura-
tions were not found in those tasks requiring minimal visual search
and hand motion (e.g., UHF task required repeated selection of an
ideally located switch). These findings suggest that when logic is
programmed such that the required switches are in ideal locations and
switch actions involve repeated selection of the same switch, MFK
operation is more efficient. Factors like these must be considered,
so that the critical and frequently accomplished tasks in the single

seat fighter mission can be optimally designed.
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5.2.2 Branching and Tailored MFK Logic

The MFK logic might be designed and implemented in a
number of ways. Two ways were examined in this simulation for the UHF
tasks.* With the Branching Logic, four distinct logic steps were
required to change the UHF frequency: (1) COMM function switch to
call up radios, (2) UHF multifunction switch to call up UHF radio,
(3) UHF CHNG multifunction switch, and (4) selection of digits and
ENTER on the DEK. In the Tailored MFK Logic, the most commonly used
functions for the current flight mode were automatically assigned to
the switches. Rather than present the options appropriate only to a
particular function after it has been selected, this logic presented
the pilot with options for several functions (e.g. communications,
navigation, sensors). With the logic tailored to flight mode, the
UHF CHNG function was immediately available. To complete a UHF
frequency change the pilot only has to select: (1) the UHF CHNG

multifunction switch and (2) the digits and ENTER on the DEK.

The data showed that while radio changes could be made
more rapidly using the Tailored Logic, by two seconds, there were
also significant errors in control of bank. It is believed that the

difficulty in maintaining bank stems from the fact that the UHF radio

*A1l other tasks examined in this simulation were programmed

according to the Branching Logic only.
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change in the Tailored Logic is a short task. It may be that the
pilot rushes through a short task without reference to bank control
while on the longer task, i.e. using Branching Logic, he is more
likely to pause between switch activations to check flight

parameters. A need for future research is indicated.

It was concluded that the design and implementation of
MFK logic can have significant effects on pilot performance and that
logic tailored to the flight mode produces faster operation. The
fact that significant time savings can be realized on the UHF task
implies that the savings on more difficult tasks may result in a
considerable reduction in workload. Additionally, the pilots were
quite enthusiastic about the MFK concept and indicated a preference
for the Tailored Logic in their informal reactions. It is suggested
that the Tailored Logic should be used as the primary logic in actual
aircraft applications. The Branching Logic should also be imple-
mented concurrently so that the pilot can access infrequently used

functions not available in the Tailored Logic.




6. CONCLUSIONS AND RECOMMENDATIONS

As a result of this evaluation on multifunction keyboard (MFK)
configurations and MFK logic, the following conclusions and recommen-

dations can be made:

1. CONCLUSION: Multifunction keyboards which are designed such

that the legends are displayed on the switches are optimum.

RECOMMENDATION: Because flight qualified variable legend
switches are not available, and because of the lack oi ibility in
changing the film for the projection switches used in th: periment,
future experiments on multifunction keyboards should use the CRT dis-

play with legends adjacent to the switches (configuration 1).

RECOMMENDATION: Flight rated, Mil Spec switches, incorpo-

rating variable legends should be developed.

2. CONCLUSION: Multifunction keyboards which require an
association of the switches with the corresponding legends are less

than optimal.

RECOMMENDATION: If a CRT type MKF (configuration 1) is

used, the legends must be aligned with the switches for the

appropriate viewing angle/seat adjustment.
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RECOMMENDATION: Multifunction keyboards which require the

pilot to derive a spatial correspondence between the legends and the
switches (configuration 4) should not be used as the primary con-

trol. Future experiments should investigate the use of such equip-

SN

ment as a backup MFK or as an integrated control for high accelera-

tion cockpit applications.

RECOMMENDATION: Configuration 4 should be redesigned using

switches with two levels of pressure sensitivity. The first level,
.* e.g. 1 oz. pressure, would be activated when the pilot laid his

; finger on the switch. This level would cue the system as to which
switch was being touched, and the proper legend on the CRT would be
highlighted by a flashing asterisk. This would eliminate the require-
ment for the pilot to look at the switch. Pushing the switch through
the second level of sensitivity, e.g. 14 oz., would be required for

switch activation.

2 3. CONCLUSION: Multifunction keyboard operation is more
efficient when the required switches are located at the top or bottom
of the columns and switch actions involve repeated selection of the

same switch.

RECOMMENDATION: Factors like these must be considered so

that the critical and frequently accomplished tasks in the fighter

mission can be optimally designed.
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4, CONCLUSION: Subjective preferences indicated that the left

front location for the MFK was preferred over the right console.
This was not reflected in the objective data, possibly due to the

simple flying task. Pilots suggested that a preferred location for a

backup MFK would be aft of the throttle quadrant.

RECOMMENDATION: An evaluation of a backup keyboard aft of

the throttle quadrant should be conducted.

RECOMMENDATION: Future experiments should include a more
difficult flying task to increase workload to a point where differ-
ences in cockpit design can be detected in the objective data. The
control laws should be degraded and/or augmented with a wind gust

model in order to make the flying task more demanding.

5. CONCLUSION: Multifunction keyboard operation during UHF
tasks was more efficient with the Tailored Logic than with the

Branching Logic.

RECOMMENDATION: An experiment comparing Branching Logic and
Tailored Logic for a variety of tasks should be conducted. Perfor-
mance should also be evaluated when the two types of logic are

concurrently available to the pilot.
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6. CONCLUSION: Subjective evaluations of performance using MFK

configurations 1 (CRT MFK-left side), 2 (projection switch MFK-left

side), and 3 (projection switch MFK-right console) indicate that they
are at least as good as, and probably better than standard control

heads.

RECOMMENDATION: Since subjective opinion of the ﬁika
developed for this study indicates the possibility of a favorable
comparison with standard devices we recommend they be adopted for
cockpit use. However, an experiment measuring objective differences
between an MFK and the standard equipment it replaces should be

conducted first.
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APPENDIX A
COCKPIT CONFIGURATION
1. ELECTRO-OPTICAL DISPLAYS
Four electro-optical displays were used in the present study to
provide information for utilization by the pilot (Figure 4). The

followiﬁgvdescribes each display in detail:

1.1 Vertical Situation Format (VSF) (See Figure 5)

A six-inch diagonal color monitor presented flight

symbology to the pilot.

The horizon was indicated by the sky/ground texture. The

range of the pitch scale was + 180 degrees. Each five degree segment
was indicated by lines. Each ten degree line was numbered, with a
minus sign preceding the number for negative pitch angles. Not less
than four, nor more than five lines, were displayed in the total
field-of-view. Positive pitch angles were depicted in solid lines
and negative angles were indicated by dashed lines. The pitch scales
were roll stabilized. If the pitch scales coincided with any other
symbol or readout, that portion of the pitch scale which interfered

was blanked out. {
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The heading scales consisted of a moving scale and a fixed
index indicating the present magnetic heading. A digital readout of
the present heading, to the nearest degree, was displayed in a box.
Twenty degrees either side of the index were visible at all times (40
degrees total). The scale was graduated in five degree increments
and numbered each ten degrees. Total heading scale range was 0-359
degrees. When a ten degree mark moved out of the field-of-view, the
digits were removed at that end. Digits were added to the scale when
a ten degree mark was added to the scale. As a scale number moved
into the digital readout area, it was blanked and reappeared as it
moved out of the digital readout area. The heading scale and
associated numerals were not roll stabilized and remained parallel to

the horizontal display case axis.

The airspeed scale was graduated in 25 knot increments
numbered each 50 knots and at least three sets of numbers were
visible at all times. An exact readout of current airspeed was
presented in the window in the center of the scale. The readout
changed whenever the airspeed changed by one knot. The scale moved
every one knot. The scale numerics were not superimposed over the
window display, but were removed from the CRT. For the current
experiment, calibrated airspeed (CAS) was displayed. The abbrevia-
tion CAS was displayed below the airspeed scale to denote airspeed

was calibrated.
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Barometric altitude was displayed on the altitude scale on
the right side of the VSF. The scale was graduated in 250 foot incre-
ments numbered each 500 feet and at least three sets of numbers were
visible at all times. The total range of the altitude scale was from
minus 1000 feet to plus 99,999 feet with 1500 feet in view at all
times. An exact readout of the altitude was provided in the window
in the center of the scale. The readout changed whenever the
altitude changed by a foot. The scale moved "continuously" in one
foot increments. The scale numerics were not superimposed over the
window, but were removed from the CRT when their position was within
+150 feet of the window. When a 500 foot scale mark moved off the
scale, the numerics were removed at that end. Numerical digits were
added to the scale when a 500 foot mark was added to the scale as it
moved. The unit's digit was not displayed. The altitude scale and

associated symbols and numerics were not roll stabilized.

The bank angle scale was a fixed position scale with a
variable position pointer at the bottom of the screen. The bank
pointer rotated 360 degrees around the VSF but was blanked to prevent
inter ference with other information. The scale ranged to 60 degrees

either side of zero.
The flight director symbol indicated horizontal and

vertical steering error information with respect to the aircraft

symbol. The X, Y commands to position the flight director symbol
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were such that the pilot flew the aircraft symbol to the flight

director by steering the aircraft in pitch and/or bank angle.

The vertical velocity was displayed in numerical form in a
fixed location in the upper right corner of the display. A caret
indicated vertical velocity direction; i.e., up or down. The digital
readout changed with each one foot/minute change with a range of +9999

feet/minute.

The mach number was displayed in numerical form in a fixed
location of the VSF. The digital readout changed each .01 increment

of mach up to mach 2.
When any digit changed on the display faster than two
times/second (i.e., vertical velocity) that digit was displayed as

zero.

1.2 Horizontal Situation Format (HSF) (See Figure 6)

A seven inch monitor presented simplified navigation infor-
mation in a track-up format. A map corresponding to a vertical dis-

tance on the HSF of approximately 80 miles was used.

The aircraft's true track was displayed at a fixed location
centered at the top of the HSF. The value displayed ranged from 0-359

degrees.
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The true track of the next waypoint after reaching the
waypoint being flown to was displayed in the upper left corner as

indicated in the figure with an "N" preceding the value of the track.

The fuel quantity was displayed in the fixed location below
the next track angle in the upper left corner of the HSF. Fuel
quantity was displayed with an "F" preceding the digital readout of

the remaining fuel in pounds; e.g., F 17500.

The range scale was displayed in the upper right corner of
the HSF and indicated the range covered by the map in nautical miles

measured vertically.

The distance to go to the next waypoint and the time to go
to the next waypoint were displayed in the lower left corner of the
HSF. The waypoint identifier was given, followed by the distance in

nautical miles ard the time to go to the nearest tenth of a minute.

The time and distance to the next target was displayed in

the lower right hand corner.

The groundspeed was displayed continuously below the range

scale to the nearest knot. Display of groundspeed was preceded by

the alphabetical characters GS; e.g., GS 461.
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The crosstrack deviation was displayed on the HSF by the
relative displacement of the track line on the map from the aircraft
symbol. 1In the true track-up mode, the aircraft was positioned in
the center of the display, but only about 1/5 of the way up from the
bottom. The map moved while the aircraft remained fixed in position.
The map moved under the aircraft symbol and was positioned to show

the actual aircraft position in relation to the desired track.
The waypoint symbol and its identification (ID) was
displayed anytime that waypoint was on the map. Each waypoint had an

ID, which was its numericel designation.

1.3 Multifunction Display (MPDs)

Two six inch diagonal black and white monitors displayed
mission related data to the pilot. In MFK configurations 2, 3, 4,
MPD 1 (upper right front panel) displayed communication and naviga-
tion data during the CRUISE flight mode (Figure 7) and the same
information plus stores data during the NAV BOMB flight mode (Figure
8). MPD 1 was blank in MFK configuration 1. MPD 2 (lower right
front panel) displayed the format just described in MFK configuration
1. When MFK configuration 2 or 3 was activated, MPD 2 displayed
pre-entry task information (Figure 9). This consisted of a task
identifier (e.g. UHF CHNG or IFF MODE/CODE, and appeared in the same

relative position on MPD 2 as they appeared on the CRT in configura-
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tion 1 or 4), selected digits, and any error messages. MPD 2

dispiayed the multifunction switch legends in MFK configuration 4.

3. DEDICATED DISPLAYS AND CONTROLS

Most of the backup flight instruments in the cockpit simulator
were inoperable so that the pilot was forced to use the information

displayed on the VSF and HSF to maintain control of the aircraft

simulator. However, the following instruments, switches and

’ indicators were operable and available for use by the pilot:

f a. Angle of Attack (AOA). The AOA indicator operated through a

/ range from 0 through 30 units. The off flag functioned normally.

k- b. Pitch Trim Knob (left console). Adjusted the alignment of

the horizon line with the aircraft symbol on the VSF.

c. Master Arm Switch. Had to be in the arm position in order

to deliver weapons.

d. Stick Switches. Trim button adjusted stick to neutral

position. Bomb release button enabled a weapon option to be released.

«. Flight Mode Switches (upper center front panel; Figure Al).

nly the CRUISE and NAV BOMB flight mode switches were operable. The
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selected flight mode switch determined the information displayed on
MPD 1. Selection of the NAV BOMB flight mode switch called up the

Tailored Logic format on the MFK (See Appendix E).

Engine instrumentation was provided independently of the PAIS

system.

f. RPM. Indicated engine speed in percent RPM. The instrument
was calibrated from 0 - 100%Z. The normal operating range was 52 -

100%.

g. Turbine Outlet Pressure (TOP). TOP was used as an
indication of engine performance. Calibrated in inches of mercury,

the operating range was 25 - 45 in Hg.

h. Fuel Quantity. Indicated total usable internal fuel,

ranging from 0 - 9,000 1lbs.

i. Turbine Outlet Temperature (TOT). Indicated TOT in degrees
C (pointer and digital readout). The usable range was 0 - 1000

degrees C. The off flag functioned normally.
j. Oil Pressure. Indicated engine oil system pressure in psi.

The instrument was calibrated 0 - 60 psi with a normal operating

range of 27 - 53 psi.
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Figure Al. Flight Mode Switches
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APPENDIX B

EXPERIMENTER'S CONSOLE AND SIMULATOR FACILITIES

1. EXPERIMENTER'S CONSOLE

The console was equipped with CRT displays and status light
matrices which provided the experimenter with the capability of

monitoring the displays in the simulator and th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>