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FOREWORD

This report is a final summary report of contract activities under
United States Air Force Contract AF 33(657)-8600 from 1 March 1962 to
28 February 1963, as required by contractual agreement.

Work covered in this report was initiated under contract by the
Human Engineering Branch, Behavioral Sciences Laboratory, Aerospace
Medical Research Laboratories, Wright-Patterson Air Force Base, Ohio.
The work upon vhich this report is based was completed at the facili-
ties of and in support of the activities of the Control Elements Research
Branch and the Control Synthesis Branch of the Flight Control Laboratory,
Directorate of Aeromechanics, Aeronautical Systems Division, Wright-
Patterson Air Force Base, Ohio. Contract AF 33(657)-860o "Eman Engi-
neering Support to the Air Force Flight Control and Flight Display
Integration Program," supports Task 619007 and 71573 both part of
Project 6190.

Mr. J. H. Kearns II (ASHMCE) was the Air Force Project Engineer
for the Flight Control Laboratory. Technical work was under the direct
supervision of Aerospace Medical Research Laboratory representatives,
Capt. C. E. Waggoner aad Dr. D. P. Hunt. Capt. Waggoner is the current
Task Scientist as Dr. Hunt has left the employment of the Air Force.
Mr. R. W. Obermayer and Mr. C. A. Gainer served successively as Prin-
cipal Investigator for the Martin Company.

Particular thanks is extended to Mr. R. R. Davis (ASHKCS-3) whose
Section fabricated and supported all equipment which was used for the
experimental investigations conducted during the term of the contract.
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ABSTRACT

The Martin Company provided human engineering support to a number
of Air Force programs being conducted under Project 6190. This report
is a final sumary report of the activities from 1 March 1962 to
28 February 1963.

The extent of task activities were broad in scope and quite deverse
in subject matter. Members of the group vere Involved in research pro-
jects, consulting activities, reviews of literature and methodological
development. Each of these kinds of tasks are briefly reviewed and the
topics investigated are discussed.

The subject matter of these tasks in part consisted of controller
studies, display evaluations, display development, performance and
opinion measurement, and program planning.
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I. INTRODUCTION



This paper is a sumary report of the activities of Air Force Contract
AF 33(657)-8600 from 1 March 1962 to 28 February 1963. Based on experience
from previous contracts In support of the Air Force Flight Control and Flight
Display Integration Program, four kinds of human engineering activities are
required to provide sufficient support. These are:

1. Consulting and System Team Efforts
2. Research and Man-Machine Systems Evaluations
3. Analytical Study and Methodological Tasks
4. Technical Presentations

A monthly progress report was issued Vhich described the activities being
conducted under each of the above. This progress report is separated Into
four major sections which parallel the above categories. This report will
deal with the oonsulting activities, the analytical tasks, and the evalua-
tions in Section II. Section III will show the relationship of the type
of task to the program phasing. All technical details of the tasks will
be omitted. For this kind of information the reader is referred to the
appropriate report which was issued as a result of each effort. The reports
which are issued from this contract group fall into five categories:

1. Human Engineering Memorandum Reports
2. Engineering Reports
3. Aeronautical Systems Division Technical Notes and Reports
4. Journal Publications
5. Conference Reports

A list of the reports issued will appear in Section V categorized by the
first four of the above. The one exception is the conference report which
is only for the purpose of reporting daily activities and meetings of con-
sequence which need to be documented. There is no technical information contained
in the conference reports, but are for the purpose of recording significant
events for the transmission of this information to involved personnel.
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II. CONTRACT TASKS



Task numbers were assigned to tasks of sufficient magnitude and
importance to warrant a major effort. The formal task number could be
assigned as an outgrowth of any one of the four categories listed in
Section I. There were a number of ways in which task assignments can
be derived. The first and most frequent van by direct request of support
from the Flight Control Laboratory and by agreement of the project engineer,
the task scientist and the principal investigator. A second method of task
number assignment comes from the internally generated hypotheses which were
the result of the analytical tasks. A third method of number assignment
was through the consulting and/or system team. In all cases agreement by
the project engineer, task scientist and principal investigator was needed
before number assignment. An example of consulting was Task No. 12, Pilot
Opinion. Examples of the system team were Task Numbers 13, Mark IV-B
Controller Study, and 16, Profile Measurement. During the normal working
cycle a certain amount of effort is expended in support of programs that
are too brief to be considered for a task number. These will be summarized
under Consulting.

The tasks so assigned are listed below and will be described briefly
on the following pages of this Section. By virtue of the method of assign-
ment, these tasks coupled with the consulting are considered to be the ful-
fillments of the contractual requirements and the requirement specified
under Project 6190. The items in Table 2 list the tasks by number and
their title. It should be noted that some of these efforts are carry-
overs from the preceding contract, AF 33(616)-7752. Table 1 lists the
tasks completed during the previous contract year 1 January 61 through
31 December 1962. These carry-over efforts were of sufficient magnitude
that they could not be completed within the confines of a single contract
span and in some cases, by necessity will be carried into the next contract
period.

Table 1

List of Tasks Completed During the Previous
Contract Years 1 January 1961 - 31 December 1962

Task No. 1 Procedures for Inflight Instrument Evaluation
Task No. 2 Eye Movement Study
Task No. 3 Operator Controls Research
Task No. 4 Display Assessment - A Tool for Instrument Design
Task No. 5.1 Human Engineering Support to Display Design of the Hodified

Phase II-A Altimeter
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Table 1 - continued

Task No. 5.11.0 Lear Vertical Velocity Radar Alt$" Landing Instrument
Task No. 5.11.1 Automatic Lateral Control System &br ILS Approaches Using

the T-33
Task No. 5.11.2 James Connally: Automatic Compensation for Crosswind

During IL8 Aproaches Using the T-33
Task No. 5.11.3 Feasible Control Display Techniques for use in Event of

Automatic Landing System Failure
Task No. 5.111 Cockpit Displays for All-Weather Landings
Task No. 6 Simulator Test, Kollman Drum-Pointer, Counter-Drum-

Pointer, and Specialties Altimeters.
Task No. 9 Design of Digits and Coding for Flight Displays

Table 2

List of Active Tasks, Analytical Tasks and Consulting Tasks
for the Contract Year from 1 March 1962 - 28 February 1963

Active Tasks

Task No. 7: Mark IV-B Devgopmmnt
Task No. 8: Reference Filei or Control-Display Engineers
Task No. 10: Three-Dimension, Volumetric Display Investigation
Task No. 11: Transition from IFR to VFR During the Approach for

Landing
Task No. 12: Pilot Opinion
Task No. 13: Mark IV-B Development Program, 3-Axis Controller
Task No. 14: Vehicle Attitude Controller Problem
Task No. 15: Scale Factors for Moving Tape Instrunents
Task No. 16: Profile Measurement
Task No. 17: 3-Axis Controller: An Investigation of the Effects of

Location and Position Variables upon Tracking Performance
using the 3-Axis Controller

Task No. 18: Phase Inl Airspeed Indicator and Altimeter Investigation

Analytical Tasks

1. Levels of Automation
2. Pictorial Displays
3. Color Coding
4. All Attitude Indicators and Attitude Director Indicators
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Table 2 - continued

Consulting Tasks

1. Planetarium and Compact Simulator
2. Micro-Vision Display System Investigation
3. Photochromic Display
4. Tracking Research
5. Pilot Factors Program
6. Dyna Soar Simulation Program
7. Straight Scale Bibliography

Task No. 5.111. Cockpit Displays for All-Weather Landings

Purpose: To conduct an evaluation for an in-house study of three
methods for the display of absolute altitude information.

Discussion: As a result of common interest in all-weather landings,
there was established a project agreement between FAA/BRD and APSC. This
agreement provides for simulator testing of three panel configurations
which are designed to augment landing phase instrumentation. This program
is limited to state-of-the-art equipment, and, is designed to evaluate the
performance of three available instrument configurations. These instruments
will present in different display forms: (1) absolute altitude (2) instan-
taneous rate of sink, (3) altitude, (4) rate of deocent, and (5J a landing
flare shield.

Status: This task has been completed in the form of an Engineering
Report, Number 12,4W6, "Cockpit Displays for All-Weather Landiro%", by
C. A. Gainer, W. L. Welde (Martin Company) and R. Monroe (Linl uivision,
GPI), May 1962.

Task No. 7: Mark IV-B Development

Purpose: To participate in a team effort for the design and development
of an advanced aerospace vehicle control-display system.

Discussion: This will be a program requiring participation in a team
effort. Effort under this project will consist of planning the human factors
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activities for the Mark IV Program, and defining and outlining bman factors
problem:areas which require analytical and/or experimental effort. As prob-
lem areas are defined, they will be given a separate task title and further
work will be conducted under the assigned task title.

Status: A study of the 3-axis piezoelectric controller has been co-
pleted (Task 13: Mark IV-B Development Program, 3-Axis Controller). This
activity is being followed by a more extensive study as to the best loca-
tion of the controller. Three positions will be studied and for further
detail refer to Task 1o. 17: 3-Axis Controller: An Investigation of the
Effects of Location and Position Variables upon Tracking Performance using
the 3-Axis Controller.

Additional effort has been spent in the display requirements associated
with the cockpit layout. Of primary concern was the photochroic display.
The other display has not been specified in detail and there will be an
emhasis on the displays during the next aict year.

Reports issued that are directly assocated with this task: Kemorandua
Report 62-1.

Task No. •: Reference File for Control-Display Engineers

Purpose: To define, to study and, to implement a system providing
ready access to information necessary for all phases of control-display
engineering.

Discussion. It is necessary to first specify the categories of infor-
mation desired, the scope, form and desired accessibility, etc. Having
this degree of definition, one may logically proceed to a method of
implementation.

Status: One complete set of cards has been made up for 231 reports.
These cards are filed in seven different categories:

1. Accession
2. Author
3. Contract
4. Project
5. Contractor
6. Government Agency
7. Title
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A subject file which is the ultimate objective of this task has not
been specified. Work will continue on the categorization of reports
and when the subject file has been settled upon this will be incor-
porated into the file.

Task No. 10: Three-Dimension, Volumetric Display Investi"tion

Purpose: To plan and conduct an analytical and espirical investi-
gation of a three-dimension volumetric display in order to point up the
limitations, design parameters, and potential uses of the display technique.

Discussion: Making the assumption that a three-dimensional volumetric
"Aisplay developea by ITT is representative of the class, an Investigation
viii be conducted to derive useful information about three-dimensional dis-
plays. By means of a combined analytical and empirical approach, it is
hoped to derive information relevant to: (1) types of broad classes of
information amenable to three-dimension display; (2) effect of two-dimension
display principles with a three-dimension display; (3) special characteristics
of the display elements of a three-dimension display; (4) the integration of
a three-dimension display with other information displays. While an extremely
long research program is usually necessary to accomplish such ambitious goals,
it is hoped to design a comparatively compact investigation which will yield
exploratory but useful information.

Status: Approximately 80% of the literature relative to the 3-D volu-
metric display has been reviewed; the remaining reference material has been
requested from ASTIA. Pertinent psychophysical variables have been studied,
and their physical limits, ao they relate to this display, have been ascer-
tained. Consideration has been given to the application of this instrument
with respect to air traffic control, aircraft and space vehicle missions.
Neaeover, some of the required research problems associated with the use
and application of the 3-D display have been scrutinized. A written report
will be initiated after the final research literature is received.

Task No. 11: Transition from IFR to VFR During the Approach for Landing

Purpose: To investigate what should be done to solve some of the
problems associated with IFR-VFR transition.

Discussion: Since little is known about the problem area it will
be necessary to conduct an analytical search of the literature. In
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addition, the methodology for analysis and synthesis of the vast body of
literature must be developed ean necessary areas for future research pointed
out. This vould lay the founnAtion for an ongoing program of research.

Status: This task has lain dorment for most of the contract year
availing manpover availability.

Task No. 12: Pilot Opinion

Purpose: To improve current evaluation measurement by exploring and
developing techniques for eliciting valid and reliable pilot assertions.

Discussion: This task is an expression of the hope that the set of
evaluation criterion possible through system performance measurement may
be asuented by measurement through the huanm operator. For example, one
might expect that the folloving items of valuable information might be
obtained from experienced operators:

1. User acceptance
2. Design advice
3. Operator task analysis
4. System performance evaluation
5. Fidelity of the system test
6. Recording of unexpected events

The problem is -- as is often the case with tests involvin4 the human
operator -- to obtain data which are related to the desired measurement.
In short, it is desired to achieve valid measurements. A program in the
area of pilot opinion measurement must necessarily be based primarily on
(a) the ability to recognize 'valid' measurement, and (b) development of
appropriate measurement techniques to collect valid measurements in a
stable and reliable way.

Thus, the program under Task 12 consists of two parts:

A. Pilot Opinion and Validity
B. Pilot Opinion Questionnaire Development

Status: This task will continue to command time, some promising
questionnaire techniques have been uncovered and are being developed.
For more specific detail the reader is referred to Martin Engineering
Report 12,' Cockpit Displays for All-Weather Landings, Memorandm
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Report No. 62-2, Revision of Work Statement Concerning the Itvestigation
of the High Angle Letdown, Omni-Angle Technique, Memorandi Report 1to.
62-8, Results of Semantic Differential and Questionnaire used in the
Investigation of Micro-Vision, Memorandum Report No. 62-10, Suary of
the Results of the questionnaire used during the Inflight Evaluation of
the Pilot Orientation Instrument (Lifesaver).

The validity part of "A" is in the form of a paper which is in prep-
aration and is avaiting editorial coment from a number of Journals.

Task No. 13: Mark IV-B Development Program 3-Axis Controller

Purpose: (1) to provide data for the further design and developmes,
of a 3-axis controller for the Mark IV vehicle!" (2) To provide informati•l
for the design and fabrication of a control system for the Mark IV vehicle.

Disucssion: Initially, it was conceived that an evaluation of the
3-axis controller in comparison to the standard control stick would be
undertaken. However, due to difficulties in the controller itself, this
study was not begun. Instead, it has been decided that more information
concerning gains for pitch and roll, and other properties of the controller
need to be known before any evaluation can be undertaken. The present con-
troller study is intended to furnish data concerning (1) preferred gains
and control ranges, (2) cross-coupling effects, (3) the effects of subject
body dimensions and the seating arrangement. It is hoped that information
from this study will be of value in the design and fabrication of a control
system for the Mark IV-B vehicle. Further, it is anticipated that this
study will be the first step in a continuing program for the investigation,
study, and development of force stick controllers. For further information
concerning this, the present study, see MR 61-24, dated 30 November 1961.

Status: Since the completion of data collection, favorable progress
has been made in statistically analyzing the performance data. To date,
six partial hierarchical analysis of variance procedures have been com-
pleted for the error (e) and error Pquared (e 2) data. In the analysis,
tracking performance has been assessed as a function of method of choosing
gains, method-derived gains, magnitudes of gains, and single versus dual
axis tracking. Further analyses are currently being undertaken to asses
apparent interactions found in the preliminary analyses. No analysis of
cross-coupling or anthropometric factors has been attempted.

Steps have also been taken toward completing the engineering report
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for Task 13. To date, a search of pertinent literature has beem under-
taken. The method section of the report has been completed in first
draft form, and those portions of the results section pertaining to
subject-derived gains have been completed. It is anticipated that with
the completion of statistical treatment of the performance data close
at hand, that an engineering report will follow.

Task No. 14: Vehicle Attitude Controller Problems

Purpose: (1) Identify meaningful problems related to vehicle con-
trollers and to establish their relative importance. (2) Establish
boundaries and constraints defining where meaningful work can be accom-
plished. (3) Determine suitable approaches to these problems. (4)
Compare the required program thus determined to the state-of-the-art
to determine what must be done.

Discussion: Since the hu&n operator in a man-machine system is
obviously limited by the controls through which he is required to respond,
there is little reason to doubt that this area is one which could profitably
stand attention. Further, since evidence exists that the effects of con-
troller parameters are a function of the information displayed and the
manner of display, the vehicle dynamic parameters, and the environment,
especially g's and vibrations, it is strongly suspected that this problem
area may be one of the most complicated of those involved in man-machine
systems. An abundance of jusitification exists for the conduct of a well-
thought-out program, however, to the best of our knowledge no such program
exists. The following, therefore, are some recommendations for the estab-
lishment of the essential characteristics of the needed program.

As the task title indicates, to channel efforts one can profitably
concentrate on the difficult problem of vehicle attitude control; it is
hoped that a suitable adaptation will be possible to other controller
areas.

In the following is indicated an approach to the problem, but as in
most problem-solving tactics, one must allow considerable freedom to take
advantage of problem specifics as they become known, and also, the follow-
ing procedure may be one which allows successful interaction.

1. Conduct a review of the available literature. This could be a
huge task, but it is intended here only to prepare the individual
for the following steps. Some good reviews are in existence
(Muckler, 1960; Bell Aerospace, 1961) and it should be possible
to efficiently use these as a starting point.
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2. Formulate a tentative program outline and program goals. This
should inclnde fruitful controller principles for exploration,
controllers for development and evaluation, establisluent of
criteria and techniques for subsequent measurement. Possibly
at this time an adequate case can be presented to Justify
imediate work on the development of methodology.

3. Update, and by visitation, smarize current nation-wide activi-
ties. Possibly, vista may be made to: Bell-Aerospace, Chance-
Vought, Boeing, Ames, NASA, McDonnell, North American, Martin,
and others.

4. With the guidance of FCL, design a program which will lead to the
goals of FCL, and indicate which of the proposed programs have
been done, is being done, and remains to be done.

5. Sample from the accepted program those pieces of work which can
most appropriately be accouiplished by the Martin Homan Engineering
Group.

Status: The Importance of this task is obvious, but due to it's nature
and the lack of imuediate application to our current priority work, it has
remained inactive awaiting manpower availability.

Task No. 15: Scale Factors for Moving Ta&pe Instruments

Purpose: To define, study, and implement a program on scale factors
for moving tape Instruments.

Discussion: It is proposed to conduct a study on scale factors (major
interval markirg a per inch) for moving tape instruments. The study would
be carried out in two phases: (A) Static Display and (B) Dynamic Tracking
Situation. It is expected that the results will yield a family of curves
depicting (1) reading error vs. scale length, (2) reading error vs. rate
of tape movement, and (3) reading error vs. scale length and rate of tape
movement.

Experimental scales will be eonstrueted, 3 types with vertical orien-
tation, and 3 with horizontal orientation. Variables to be investigated
will include scale factors, spacing of minor graduation marks, number of
digits, rate of tape movement, instrument orientation, and instructions
to the subject, however, these are subject to change when the experimental
design is completed.

12



Status: A work statement for Scale Factors for Moving Tape Instruents
was issued as MR 62-9. A program has been laid out in 2 pbases -- (A) Static
Legibility Investigation, and (B) Dynamic Tracking Situation, for the purposes
of identifying those scale variables that affect the speed and accuracy of
reading moving tape instruments. The work statement provides in detail the
experimental design for Phase A. At present, equipment fabrication in approx-
imately 70% completed for the Static Legibility Investigation. Photographing
of the tapes is in the final stages, and work will begin on the binding of
the 750 slides required.

One hundred and fifty college students are being secured as subjects.
It is anticipated that the data collected from Phase A winl be available
in June, 1963 for the writing of the final report.

Task No. 16: Profile Measurement

Purpose: To provide data concerning a proposed descent and land profile
after re-entry of the Mark IV-B vehicle utilizing the Hypersonic M1-1 space
simulator.

Discussion: From this task will evolve an experimental study for pur-
poses of Investigating the following problems:

1. Can the descent profile be flown as it presently exists to permit
the space vehicle to reliably effect a safe approach and landing?

2. If the existing profile does not result in consistent performance
of the flight task, what alterations should be instituted to
achieve the optimum descent profile?

3. What additional cockpit instrumentation and controls are essential
to simplify the pilot's task of information integration and, thus,
enhance the probability of a safe approach and landing?

I. In flying the profile, what are the quantitative values of the
more important flight parameters during each phase?

Data from this task will be used to update the vehicle characteristics
section of the Mission-Equipment-Functions-Task (MEFT) analysis shown in
Martin Komoranda Reports 61-20 dated 31 October 1961, and 62-1 dated 12
January i962.

Status: Installation of the required equipment items in the Hypersonic
ME-1 simulator and checkout of all associated systems for the study continues.
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Pre-experimentel work is realistically judged to cmmnce in the first veek
of March, 1963 wIth the actual etal sessions to follow aproKately
three veeks later. A description of the profile under investigation and
the manner in vhich the study will be conducted to evaluate this task Is
oea5Vltda in Martin Memorandum Report Number 63-2, Work Statement for Mark
IV-B Profile Measurement Task.

Task No. 17: Three-Axis Controller: An Investigation of the Effects of
Location and Position Variables upon Tracking Performance
Using the Three-Axis Controller

Purpose: To provide data concerning the effects of position and
location variables upon tracking performance using the three-axis oon-
troller. Information obtained from this task will aid in determining
Vhat the optimum mounting location and the vertical angle for the controller
should be. Also, it is anticipated that this study vill provide more basic
data concerning the influence of these variables upon performance.

Disolasion: Under this task, the three-a I controller will be
mounted in three or four locations in combinatit with three or four

vertical angles. Using a standard gain setting for all subjects, the
subjects vill perform a tracking task consisting of tracking ILS needles
on a standard ADI for all possible combinations of vertical angles wad
locations. Measures of display error (e and e2) and stick output vill
be taken for purposes of data analysis.

Status: A work statement (Martin Memorandum Report 63-3) is in prepa-
ration. Essentially the same basic equipment which vas used in performing
Task No. 13 will be utilized with modifications being required. In order
to expedite equipment fabrication a preliminary vorking document vas pub-
lished for use by the engineers concerned with the study. A time schedule
showing the events and time required to accomplish these events vill be
iacluded in the work statement.

Task No. 18: Phase III Airspeed and Altimeter Investigation

Purpose: To evaluate the new developments in the Phase in Airspeed
and Phase In Altimeter as to how they affect pilot performance in flying
instruments.

Discussion: The development of the Phase III vertical tape airspeed
indicator and altimeter has evolved from the Phase II vertical tape instru-
ments. The new developments are proposed to improve pilot control of the



parameters: displayed or. these instruments. Since both the Phase II and
Phase III instruments are available, it would be highly desirable to
investigate the capabilities of the Phase IIl instrment using the Phase II
instroentb au a standard. Utilizing a simulator and a scoring system, a
rigorous full mission profile may be flown by a saple of pilots and then
performance using the Phase II and Phase III instruments may be analyzed.
Such a procedure would provide information regarding pilot performance
using those instruments and provide an opportunity to gather subjective
data (questionnaires) concerning pilot attitude toward the new instruments.

Status: A detailed work statement describing the method of evaluation
has been published (Memorandum Report 63-4). The initial contacts have been
made for the planning of the program and it is understood that the instru-
ments will be available shortly. It is anticipated that the M3-1 simulator
will be used as the test equipment and the analog computers will be used
as the measurement equipment.
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III. CONTRACT PROGRAM PHASES
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As has been done in the past, the Martin Ruman Engineering Support
Group has participated in four distinct kinds of activities in support
of the Flight Control Laboratory. These are as previously stated:

1. Consulting and System Teams
2. Research and Evaluation Activities
3. Analytical Study and Methdological Tasks
4. Technical Presentations

It has been our experience that the best program should consist of proper
proportions of each of the above. These phases do not occur in temporal
sequence rather they run concurrently as part of an integrated program.
This section vill be devoted to show how each of the tasks described in
the previous section fit into the four activities.

Consulting and System Teams

The amount of consulting activity was limited due to the eophasis of
the direct research activity, the participating in design teams and the
amount of analytical work.

Consulting

While there were a limited number of consulting activities per se,
the topics covered were broad. Almost all the consulting activity was

limited to support of Project 6190 and the Flight Control LaborataN7.
In general consulting tasks performed were short in duration and were
performed within tight time restraints. A list of the topics which
were covered by our consulting activities were:

1. Bibliographies
2. Questionnaires
3. Control Evaluations
4. Display Evaluations
5. Program Planning

System Team

This activity was not as apparent in the types of reports issued
but still played an emphatic role in the overall program. The presence

17



of human factors engineers as part of the development team vas apparent
in:

1. Task No. 7: Mark IV-B Development Progrom
2. Task No. 13: Mark IV-B Development Program, 3-Axis Controller
3. Task No. 16: Profile Measurement
4. 1R 62-10: Sumary of the Results of the Questionnaire used

during the Inflight Evaluation of the Pilot Orientation
Instruýment (Lifesaver).

5. MR 62-11: Scoring System Requirements

Within each of these efforts, a considerable range and type of support
was provided. For specific problems that were encountered the Ruman
Factors team member did the following types of tasks:

1. Literature review
2. Questionnaire development
3. Instrument design recoendations
4. Experimental design
5. Data analysis

During the course of a system team project, human engineers 4eNmbute •
to the problem solution through a close association with system enginefrs,
control system engineers, maintenance itallation personnel, display
engineers, measurement and calibration personnel, simulation engineers,
and flight test engineers and project pilots.

Research and Evaluation Activities

Perhaps the most important function of a human engineering group
in the support of a design and development effort, is the ability to
apply experimental techniques to the solution of practic4 problems.
In a problem area where little is usually known and generalization is
always hazardous, the experimental approach frequently appears to be the
only safe approach. On the other hand, the complexities introduced by
the human subjects in an experimental system are such that bias and dis-
tortion of impe ental results is quite possible. Conclusions vhich are
a direct result of the system parameters under study can be obtained orly
through careful experimental design. It is for these reasons that the
conduct of an experimental program is considered extremely critical.

18



During the course of the contract year, 8 research programs and evalu-
ations were initiated, and are nov in various stages of ccmps.etion:

1. Task No. 13: Mark IV-B Development Program 3-Axis Controller
2. Task No. 15: Scale Factors for Moving Tape Instruments
3. Task No. 16: Profile Measurement
1. Task No. 17: Three-Axis Controller: An Investigation of the

Effects of Location and Position Variables upon
Tracking Performance Using the Three-Axis
Controller.

5. Task No. 18: Phase III Airspeed Indicator and Phase III Altimeter
Investigation.

6. MR 62-2: Revision of Work Statement Concerning the Investi-
gation of the High Angle Letdown, OCini-Angle Technique

7. MR 62-5: Work Statement: Investigation of the Relationship
between Split-Axis Control and Task Load for the
High Angle Letdown, ILS Approach to Touchdown.

8. MR 62-10: Sumuary of the Results of the Questionnaire used
During the Inflight Evaluation of the Pilot Orien-
tation Instriment (Lifesaver).

It is evident that these programs represent a wide scope of research
items. Simulator, inflight, questionnaire, and static display techniques
are represented.

Analytical Study and Methodological Tasks

During the contract period, a number of tasks were attempted on a
non-empirical basis. These included literature surveys, establishment
and extrapolation of state-of-the-art, attempts to predict requirements
and the development of methodology.

Infltght Evaluation. Based on a great deal of experience with inflight
evaluation, two of these were undertaken and completed during the contract
period (Memorandum Report 62-8, Results of Semantic Differential and Ques-
tionnaire used in the Investigation of Micro-Vision, and Memorandum Report
62-10, Soary of the Results of the Questionnaire used during the Inflight
Evaluation of the Pilot Orientation Instrument (Lifesaver).

Questionnaire Development. This is Task No. 12 and was for the purpose
of the development of techniques for the extraction of reliable pilot opinion.
The task was defined in detail in Section II.
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Other analytical and methodological tasks being conducted were pre-
viously defined in Section I1 and will not be repeated. Novever, it
should be pointed out that this type of task was one of the most Important
performed. In every case a great deal of knowledge was derived afd this
activity also provided Information concerning many kinds of future research
requiremants. Continued emphasis vill be placed In the development of
methods and the analysis of problem areas.

Technical Presentations

One of the prime responsibilities of a Hann Egineering Technical
Group should be the education of their engineering counterparts in the
methods and techniques of their specialty. Formal technical presenta-
tions were one way for this activity to be conducted. Although there
were a limited n=mber of the formal presentations, the day to day and
week to week interaction was a more informal method In providing this
support.

The following are the formal presentations given:

1. Mr. James E. Brown presented a paper entitled, "Familiarity and
Novelty of Stimulus and Response Terms in Paired-Associate Learning", to
the Southeastern Psychological Association at Louisville. Kentucky.

2. An informal briefing vas given to members of the FAA/BRD and
FAA/NAFEC 10 May 1962 on "Cockpit Displays for All-Weather Landings",
by C. A. Gainer.

3. A presentation was given on 27 July 1962 to Mr. Claus G. Spindler
and Dr. Heluuth Hunger of Minneapolis-Honeyvell, Doernigheim/Hanau, Germany
concerning the Mark IV-B Program. Primary purpose of the briefing was to
present the visitors with information concerning the 3-Axis Controller
study although the discussion was not limited to this topic.

4. On 18 October 1962, at the request of Mr. 3. Warren, Messrs.
William Knowles, William Elkins, and Stan Roscoe (Hughes Aircraft) were
briefed on the 3-Axis Controller study nov being conducted by the Martin
Group. Immediately following the briefing, the visitors were given a
tour of the simulation facility where other aspects of the Mark IV-B
Program were discussed.
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5. At the request of Mr. Mel Snyder (ASBS), a tour of the simu-

lation facility was given to Dr. Don Raines (ASBSW) on 3 October 1962.
The purpose of the tour was to familiarize Dr. haines with the types
of projects that are currently being performed at the facility.

6. A presentation was made to nine umebers of the Edwards Aerospace
Flight School. The presentation was on the activities of our group and
how we fit into the Flight Control Laboratory Program. The following
people participated in this briefing. Messrs. C. Sample, W. Weldo,
J. Brown and C. A. Gainer of the Martin Company, and Major D. M. Sorlie,
Major B. F. Knolle, Lt/Cdr. C. Birdwell, Major C. C. Bock, Major J. F.
Currie, Capt. W. T. Tvinting, Capt. R. W. Smith and Major R. w. McIntosh
of AFFTC-FTTA.

Analtical Tasks

1. Levels of Automation: Frequently in the past, the pilot's
control mode bha been considered to be one of two modes -- manual con-
trol or autopilot flight. Techniques have developed so that today
virtually a continuum exists from manual to full automatic control,
and in vehicle control, the extremes are usually considered inferior
alternatives. In this era of super and bypersonic complex weapon
systems, and today's missile Air Force, the roles of men and machines
are extremely varied and intertwined.

Obviously, a frequent question is, "What is the optimum man-machine
combination?" A great deal of heated debate has taken place, but it seems
that really quite little is known about the answer to this question. In
practice, it seems usually easy to provide a multi-mode system -- making
it easy for one to assert his preference. While this seems sensible and
abvisable, the system's modes that are conveniently provided are probably
only a few of the infinity that could come under consideration. It is
usually, however, only in terms of available system modes that one is
able to define the term "levels of automation".

Status: A working paper has been drafted whinh deals with this prob-
lem analytically. There are some obvious research projects which will be
an outgrowth of this effort. The report is being edited and will be
re-written.
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2. Pictorial Di .lays: At the present time, a great deal of interest
is being Ihon inthe development of pictorial navigation displays. Several
of these instruments already exist, and it is, therefore, felt that an examl-
nation of this form of navigation information is warranted. Some of the
potential uses of such displays are in enroute navigation, alternate re-
entry sites, terminal navigation, re-entry profile and since a display
screen is usually provided, the possibility exists to time-share other
information, e.g., checklists. While it seems highly desirable to obtain
a display capable of many uses, the most apparent need for pietorial navi-
gation rests in the comlex traffic control problem and the definite need
for an accurate position indicator.

Some preliminary work concerning pictorial navigation displays has
been performed and the area certainly appears worth further study.

Status: A collection of pertinent material has been completed.

3. Color Codings With the increasing complexity of displays and
controls which pilots must cope, the use of color deserves consider-
ation as a means of task simplification and subsequent promotion of per-
formance and accuracy increases. However, the use of color as a means
of facilitating the stimulus discriminations and response differentiations
imposed upon pilots has not been treated extensively in the literature.
Several studies have undertaken the determination of the maximum nmber
of colors discriminable on an absolute basis, however. The number appears
to be somewhere between five and nine, a surprisingly mall number.

Some of the pertinent variables influencing color discrimination are:

.(1) Number and hues of colors employed
(2) Chromatic composition of light source
(3) Intensity of light source
(4) Saturation of hues
(5) Type of illumination employed, i.e., ambient as opposed

to self generating
(6) Distance of viewer from colored area
(7) Size of colored area
(8) Visual angle subtended by the colored area

Any of the variables mentioned above could adversely affect the use
of color as a coding device in aircraft instruments or on aircraft controls.
It is suggested, however, that with the discovery of ph,•tochroemtic phosphors
which will make possible colored radar presentations and in light of the
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increasing potential need for further facilitation of discrimination
amon controls and displays, that a review of the available literature
on color discrimination and color coding be undertaken. The purpose
or the review would be twofold. First, the review would result in the
compilation of an annotated bibliograpby of the available literature
pertinent to color coding in general. Second, such a review of the
literature should result in the development of generalizations and
specific "dole" and "don'ts" in the area of color coding. The review
could attempt, therefore, to establish the state-of-the-art of color
coding. The results of the review should also prove highly useful as
a general guide for the preliminary assesment of new Innovations regarding
the color coding of instruments and controls.

A review of the literature in this area for large-board display
systems will soon be available.

Status: The collection of review material has been completed and
the write-up is awaiting manpower availability.

U. All-Attitude Indicators and Attitude Director Indicators. The
purpose is to determine what are the design features of all-attitude
indicators (AAI) and attitude director indicators (ADI) which optimize
man-machine performance.

(1) To evaluate, summarize, and report the adequacy of the
empirical research which has indicated some of the optimal
design features.

(2) If no empirical determinations have been made with regard
to whether certain design features are optimal -- (a)
To compile empirical evidence from related research areas

;sO as to generalize to the particular featureiaw-eptimal
design, and to sumarize in report form. (b) To suggest
research evaluation methodology on particular design fea-
tures, and to carryout and report these studies which can
aid in determining the design.

Eight major topic areas have been delineated each concerning differ-
ent design features of AAI and API displays and in which various amounts
of empirical knowledge have accumulated with respect to the design. These
are:
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(1) Dial size, shape, lighting, warning signals, aircraft
symbols, rates of needle displacement, direction of needle
movement, and size of lines, letters, and numbers are but
a few of the basic features vhich shall be considered.

(2) The background design in another feature to be considered.

(3) Cluttering or how much other information should be dis-
played, within limits shall be considered.

(4) Whether qualitative or quantitative information should
be displayed.

(5) Different modes of attitudinal information display, such as
the Peripheral Comand Indicator (PCI), shall be considered.

(6) Considerations of the methods to represent the three dimen-
sions of attitude shall be made.

(7) The problem of pilot reference, i.e., "fly-to" or "fly-from",
shall be considered.

(8) The overall efficiency of presently manufactured displays as
far as precession error, ease of adjusting the display, etc.,
shall be considered.

Status: A litesra~ v search and review covering all eight topics
has been planned and is in progress. An outline of these eight topics
in more detail than presented here has been prepared.

(1) A brief literature review concerning the basic problem of
the optimal size of these displays has been prepared.

(2) Indications from this brief review are that an optimal size
has not been empirically investigated and is unknown.

Consulting Tasks

1. Planetarium and Ccapact Simulator: The simulation facility is
interested in determining the best use f or the compact simulator and
planetarium as a research tool. A preliminary literature search has been
accomplished to determine what has been done using such devices. The
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conventional human engineering literature sources, journals, ASTIA publi-
cations, etc., produced no applicable papers for the novel combination of
a simulator and planetarie. Several preliminary ideas have been considerid:

(1) Investigating the use of the star pattern as cues of attitude.

(2) Investigating effects of a conflict between cockpit displays
(attitude ball) and the etra-cockpit cues (star pattern).

(3) Investigating pilot ability to detect targets in a star
field.

(4) IFR-VFR Transition.

The above are the first thoughts and need much more refining and are
all subject to change. A rough draft of a research program for the compact
simulator and planetarium will be avilable by 15 March 1963.

2. Micro-Vision Dislay System Investipation. The Flight Control
Laboratory investigated a developmental night landing display by Bendix.
The system, using micro-wave transmitter placed beside a runvay, like
runvay lights, displayed dots on a CRT in the cockpit that corresponded
to the runway lights as seen at night. The pattern of these dots changed
as the pattern of runway lights during a night landing. This display was
proposed to aid instrument approaches.

The Micro-Vision display system was installed in a C-131 for inflight
investigation. Pilot subjects were selected from Cargo Operation. It
was the Martin Company's responsibility to develop a briefing for pilot
subjects to standardize the investigation procedure and to develope mean-
ingful questionnaires to access pilot attitude toward the system. This
was accomplished (MR 62-8). The results of the investigation suggested
that the Micro-Vision System has potential hand should be further developed.

3. Photochromic DisplayZi/ At the request of AMV=CE-3 a study was
made of the applications and research required for-the Photochromic
Display which is to be used in the Mark IV-B. The results of this are
reported in MR 63-1.

4. Tracking Research. Pulse MHdulation: At the request of
Dr. D. Hunt, NNPB, consideration was given to problem areas in vehicle
control systems where the operator is in control of some parameters in
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a pulse modulated system; for example, the thrust output of a reaction
control system might take the form of a series of thrust bursts where the
operator controls the amplitude, or frequency, or pulse width, etc. Fur-
ther consideration shall be given to define potential work areas of the
Martin Human Engineering Group.

5. Pilot Factors Prog . This task is nov a contract in itself
and was carried during the early months of Contract AF 33(657)-8600 as
a consulting task. This was the planning stages of the study of the
split-axis-forced-wheel control system which is being investigated in
detail at Instrument Pilot Instructor's School, San Antonio, Texas, by
the Martin Company. Related reports are Memorandum Report 62-2, Revision
of Work Statement Concerning the Investigation of the High Angle Letdown,
Onni-Angle Technique, and Memorandum Report 62-5, Work Statement: Inves-
tigation of the Relationship between Split-Axis Control and Task Load for
the High Angle Letdown, ILS Approach to Touchdown.

6. Dyna Soar Simulation Program. Consulting services were rendered
to provide preliminary recomme•ations for the Dyna Soar Dynamic Simula-
tion program concerning (1) response measures for magnetic tape storage,
(2) phase I of data reduction, (3) suggested minimal dynamic simulation
run conditions, and (4) preliminary suggestions for the procedure of the
actual run sequence.

7. Straight Scale Bibliography. A bibliography of straight scale
instrumentation, including both horizontal and vertical instrumentation,
was prepared. For comparative purposes, a selected list of reports con-
cerning circular scaling also was included. (See MR 62-3)
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Tb. general success of the programs and the fulfilluest of contractors
comitmts In based upon the degree to which qualified personnel are avail-
able. During the contract year the folloving personnel have been em•loyed
by Martin sad have been directly associated with the contract activity.

Table 3

Table of Personnel

Part-Tiae Associated with Contract Current Staff
But Not for Present

W. Dalbmer R. W. Obezumyer J. Z. Brown
W. Duncan W. F.. Swartz C. Crisp (Secretary)
C. Malkin 0. Ervin
M. Young C. A. Gainer

B. J. Kelso
W. K. McCoy
M. MdMllen (Part-Time)
F. Mullen
M. Narva
C. A. Ssmple
"W. L. Welde
R. Yoelim

Malkin, Youmg, and Duncan were temporary esployees. Secretarial
support was provided by Mrs. Crimp sad Miss McMillen. All other per-
sonnel with the exception of Mr. Obermayer are presently employed in a
tecbnical capacity, although Mr. Dalbamer and Mr. Swartz are employed
in another capacity In support of the Flight Control Laboratory.
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Memorandum Reports

MR 62-1: Mark IV-B Development: Preliminary Landin Phase Profile:
Results of Additional Effort on the Mission-2quipsent-Function-
Task (XIT) Anslysis. (J. E. Brovn and . W. Obernaer)

MR 62-2: Revision of Work Statement Concerning the Invstigation of the
High Angle Letdown, Omni-Angle Technique. (W. F. Swartz)

MR 62-3: Bibliography: Straight Scale Instrumentation: Straight Scale@
for Horizontal and Vertical Instrumentation; Selected References
Pertaining to Scaling of Dial-Type Displays. (J. 1. Brown)

MR 62-4: Pre-Experiaental Resnits: Cockpit Displays for All-Weather
Landing. (C. A. Gainer and W. L. Weldo)

MR 62-5: Work Statement: Investigation of the Relationship between
Split-Axis Control ian Task Load for the High Angle Letdown,
ILS Approach to Touchdown. (W. F. Swartz)

MR 62-6: Mark IV-B Development: Work Statement: Equipment Requirement
for Preliminary Measurement of Mark IV-B Profile. (J. 1. Brown)

MR 62-7: Pilot Opinion vs. Validity. A Presentation given to the Flight
Control Laboratory, 13 June 1962. (W. K. McCoy)

MR 62-8: Results of Semantic Differential and Questionnaire used in the
Investigation of Micro-Vision. (W. K. McCoy)

MR 62-9: Work Statement for Scale Factors for Moving Tape Instruments.
(B. J. Kelso)

MR 62-10: Summary of the Results of the Questionnaire used during the
Inflight Evaluation of the Pilot Orientation Instrument
(Lifesaver). (C. A. Gainer)

MR 62-11: Scoring System Requirements. (W. K. McCoy)

MR 63-1: Working Paper - Application of and Research Requirements of
Photochrouic Display Device. (F. G. Mullens)

MR 63-2: Work Statement for Mark IY-B Profile Measurement Task (W. L. Welds)
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MR 63-3: Three-Axis Controller: An Investigation of the Effects of
Position and Location Variables Upon Tracking Performance.
(J. E. Brown)

Engineering Reports

ER 12,,6 Cockpit Displays for All-Weather Landings. (C. A. Gainer,
W. L. Weld., Martin Company, and R. Monroe, Link Division,
-17I) may 1962.

ER 12,128 The Study of Pilot Eye Fixations while Flying Selected
Maneuvers using Two Instrument Panels. (C. A. Gainer
and M. L. Rosinia) Revised and Issued July 1962.

ER 12,905 Air Force Flight Control and Flight Display Integration
Program: AF 33(657)-8600: Martin Human Engineering Group
Final Summary Report, 1962. (C. A. Gainer) march 1963.

Journal Articles

"Preferred Panel Viewing Distance" by R. W. Obermayer accepted by Journal
Of Engineering Psychology.

"Interaction of Information Displays with Control System Dynamics and
Course Frequency in Continuous Tracking." Perceptual and
Motor Skills, 1962, a, 199-215. R. W. Obermayer, W. F. Swartz,
and F. A. Muckler.

"Familiarity and Novelty of Stimulus and Response Terms in Paired Associate
Learning." Accepted by Psychology Reports, J. E. Brown (Martin)
and J. 0. Cook (North Carolina State College)

"A Test of the Accuracy of Crossman's Confusion-Function." submitted to
British Quarterly Journal of Experimental Psychology, by
W. K. McCoy.

"Problems of Validity of Measures Used in Investigating Man-Machine Systems."
submitted to Human Factors Journal, by W. K. McCoy.

Theses

Resistance of Extinction of a Running Response as a Joint Function of
Nunber of Acquisition Trials and Schedule of Reinforcement.
Submitted by C. A. Sample to Ohio University in partial
fulfillment of the requirements for the Master's Degree.
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The Relationship of Statistical Self-Rating Variables to Inventoried
Variables. Submitted by R. W. Yoelin to the Illinois
Institute of Technology in partial fulfillment of the
reqlir•ments for the Kaster's Degree.
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APPENDIX
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This Appendix contains all of the Martin Memorandum Reports issued
during the contract period. The reports in other forms are not reproduced
here but can be obtained upon request to Aeronautical Systems Division,
Flight Control Laboratory, Attention: ASNCZ (Capt. C. 1. Waggoner),
Wright-Patterson Air Force Base, Ohio
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AIR 7C11C5 COWMOL-DISPIAY IIF3GMTIK PROAMM

Martin Human Engineering Group

AF 33(616)-7752

MwBe~wtu( RzpQat: 62-3. 32 January 196

To% E. L. Warren

cc: Mr., William Austin,, Mr. Z. Bobbet, Nr. J. Chariton, Mr. R. Re Davis,
Mr. T. J. Emerson, Mr. Be G. Hasler, Dr. D. P. Hunt, Ilk* J. go PMePs
Mr. N. MacGregor, Mr. E. Vinson$ and c0apto. C.- 3. Waggomer, and, all
members of the Martin Human Engineering Group.

Frcai: J. E, Brown and R. W. Obermayer

Subject$ Mark IV-B Development: Preliminary lianding Phase Profiles
Results of additional effort on the Mission-Equipmest-
Functions-Task (HEFT) Analysis.

One Of the pimary purposes of the initial uission-.quipont..fune-
tions-taik (HET) alnalysis (MR 61-20) was to indicate the type of fmr~t
to be used in specifying the important aspects of the Mark IV-B flight
profile. As such, the purpose of that analysis vas to demonstrate the
technique to be used to study the man-machine relationships in the develop-
menit of the Mark IV-B System. At the time of publication of the initial
XWT An~lysis., it was intended thbat the )W'T analysis would be revised
continually as additional information becamb available,

The purpose of this report is to supply supplemental information to
the original MNO? analysis. The information presented herei~n represents
further efforts in attempting to more precisely define the operator func.
tions and the display-control tasks of the operator, The Information
presented in this report utilizes the same tim-base as the original
ME!? analysis (MR 61-20) and, thereforep my be substituted In place of
the operator functions and display-control. tasks presented In the IiuitAl
HEFT analysis.

The information given in this report Is essentially a refined
aA more detailed description of the functions that the operator performs



and the manner in which he performs his tasks. The description of opra-
tor functions presented is not considered to be complete by these vriters.
However, a more detailed description might well be erroneous as well as
misleading. A more detailed description of the operator behavior must
await empirical evidence. The same can be said for the specification of
the display-control tasks since these tasks are dependent upon the descrip-
tion of the operator functions.

Although the coding system used for specifying the displays and con-
trols employed by the operator in performing his tasks has been described
in MR 61-20, nevertheless, it should be defined again. For the purposes
of this report, a glossary of the code terms is included. To cite an
esple, examine the designation of the altimeter. The designation Is
D1 -8. The letter D indicates that the display is located in panel D
which is the panel-containing the primary flight displays. The 1.
cates that the display is from subsystem 1 as shown in the panel sllo-
cation charts and the control-display parameter charts of the Mark IT
reports (1,2). The number 8 is the display within subsystem l. Thus•
it can be determined that tre code DI-8 refers to display nuorer eight,
which is the altimeter; subsystem one, which is the vehicle situation
subsystem; and panel D, which is the primary flight group panel.

Finally, it should be stated that in specifying the operator func-
tions and the display-control tasks, no claims of accuracy can be made.
In many instances, the operator functions and display-control tasks are
fairly obvious; in others, they appear somewhat arbitrary; and in others,
they can not be specified. Howevere, attempts will continue to be made
throughout the Mark IV program to completely identify and redefine these
components of the Mark IV system. As has been previously stated, Many of
the operator functions and display-control tasks must await further
empirical work with the Mark IV system before they can be specified.

Some of the areas of the MT analysis which require further effort

are as follows:

I. Vehicle Information

At present, this information needs to be che!ked to determine
whether the present flight profile of the Mark IV-B in indeed real-
istic; that is, can the vehicle actually follow the flight profile
as it is presently outlined or, will changes have to be made in either
or both the time-base and the vehicle information of the MM analysis.
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Currently., it is anticipated that this information will be suplied by

the modified NE-1 which is now being installed and checked out.

2, Measurement

It is currently thought that the specification of the required
masurement and the procedures for measurement of operator performance
will not require a great amount of effort. Work in this area will be
initiated and it is thought that results of these efforts Vill, be
forthcoming in the very near future.

3* ftuipsent Functions

The equipment functions for the Mark IV-B system will be specified
In more detail when the equipment becomes available. Presently, infor-
mation concerning the equipment function is not considered to be as
imortant as information concerning measurement and vehicle information.
Efforts toward gaining more information in this area probably will not
be Umdertaken in the near future.

List of References

1. Imar, Incorporated Whole Fanel Control-Display Study - Su Report

ler Engineering Report GR-1364 (TI),, Lear,- ncorporated, Grand -ap ds
Advance Engineering Division, July 1960.

2. Lear, Incorporated Whole Panel Control-Display Study - Volme II. The
Mark IV Control-DiplySystem. ASD TR bl-91, Aeroneutical Syste• s
Division,, Wright-aterson Air Force %ase, Ohio, July 1960.

3. Lear, Incorporated Whole Panel Control-Dis lay Study - A Di.lay and
System Integration S!ud¥ f a Fl11Eh% Data. DIspl!Z 5Msm4e iar
E neering Report OR-1370, Lear, IncoIpratd, OpapaIds Advance
Engineering Division, November, 1960.
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GLmSARY Or NAJ COMOL-DISPLAY

Panel • - Viever and Projection Controls

Display/Control Designation

1. Viewer Display selection control A4-2

2. Field of view control AO

3. Brightness control A4-4

4. Display slew switch A4-5

Panel j - Vehicle Configuration Display

Display/Control Designation

1. Drag Chute
Control B8-2
Display B8-25

2. Speed Brake
Control B8-15
Display B8-16

3. Skids
Control B8-22
Display 38-23

4. Missile Bay Doors (fore and aft)
Control B8-20
Display B8-19

5. Antenna
Control B8-27
Display B8-28

6. Ram Air Turbine
Control B8-13
Display 38:14

7. Control Surface Position IndLcator
Rlerions BS-17
Rudder B8-18
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Panel C - Standby Panel

Display/Control Paination

1. Altitude C1"9

2. Temperature (nose, body, wing) C2-4

3. Airspeed Cl-7

Panel D - Primry Flight Panel

Display/Control Dligtion

l. Indicated Airspeed D1-6

2. Altitude DI-8

3. Angle of Attack 
Dk-IO

4. Flight Path Angle DI'-I

5. Attitude and Flight Director Display ID-l, 2, 3,

6. Body Axis Rate D2 -8, 9, 10

7. Wing Temperature D2-26 Wing

8. Nose Temperature D2 -26 Nose

9. Body Temperature D2 -26 Body

10. ILS/VOR Mode Control D3 -20

Panel j - External Viewing and Projected DiLsplays

Control/Display Designation

l. Display Screen z -1
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Panel F - Arm Rest Controls

Display/Control Desiention

1. Three-Axis Controller P2-l6, 17, 18

2. Thrust/Drag Control F2 -Thrust/Dre4

Panel N - Cammincation Displays and Controls

Display/Control Designation

1. UJDF

Receive 132
Transmit ?3-3
Frequency N 3.
Volumie _

2. VHF
R•ceive 13-6
"7.ransamit, 13-7
Frequency N-8
Volume ;3

3, VI?
Receive N3-10
Transmit ?3-11
Frequency 13-12
Volume 3-13

Panel 0 - Switches and Circuit Breakers

Displays/Controls Designation

1. Left Panel Knob 02-15 left panel

2. Ambient LiU t Control 09-24., 25

3. Right Panel 02-15 right panel

4. Auto Pilot 02-24

6
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AIR FORCE CONTROL-DISPIAY INMIIGTI(N EWOGEA

Martin Human Engineering Group
AT 33(616)-7752

mmD4SiIDuJ REPORT: 62222 january 1962

Task:-Consulting

To:, Mr. R. R. Davis

cc: Mr. W. Austin, Mr. 8. G. Hasler) Dr. D. P. HIunt,, Mr. J. H. Kearns,
Mr. S. Knemsyer, ,Nr. A. L. Longiaru,.Mr. N. 3Nac~regor,, l/Lt. J. Stone,
Mr. E. Vinson, Capt. C. Waggoner, Mr. 3. L..Warren,.Mr. R. Wible,
Maj. W. E. Wilvert, Mr. G. L. Yinglin~g, end all members of the
Martin Ehumn. Engineering Group.

From: W. F. Swartz

Subject: -Revision of Work Statement Concerning the Investigation

of the High Angle Letdown, (bmai-Angle Approach Technique.

The same pilot-subjects are being used in the investigation of the
high angle letdown, omni-angle approach technique that are being used
in the study of all-weather landings. As the study of all-veather land-
inogs is of primary importance, som rather fundamental chang es have been
_X~e in the investigation of the high angle letdown,'amni-angle approach
technique in order to use the same subjects. Essentially,, the major
change from the approach described in MR 61-26 is the reduction in the
number of parameters for investigation so that the time required of each
subject could be made ccsnpatible with demands of the all1-vether 3Andibg
program. The purpowe) of this memorandum is to report the current status
of the investigation of the high angle letdown, omni-eangisa approach tech-
nique in the ME-i simulator.

Selection of Parameters

The parameater, Profiles, is being considered in the study. As
shown on the following page by Figure 1,, two profiles are being used.
The difference between the two is that Profile I has no final approach
component while Profile 2 does have this component. Profile 1 is of



Altitude 15,000
A/S - 190 K

High An-g=-- Rading - Northl~ntercept Power-88

/ •,,A/ - 22.0 ""

F3are to Touchdown

16 miles

isRj'IIz 1

1igh Angle
Intercept -Altude

15,000
A/S - 190 X
Reading -
North
Pover -88 %

High Angle Let-
down - 120
A/S - 120 K

-/D 2500 fpm
Heading - North

Fial Approach-6 0  TransitionA/8 120 XR/D "- 1000fp
xeadUW - Nlorth

A &lb miles

mw•IIZ 2

Figure 1. The profiles being used In the study.



interest because it represents the profile which offers the best in
fuel management and minimum tim to touchd.no Profile 2 is of interest
for comparative purposes in terms of system perfomaince. It Is noted
that the final approach angle is 60 which will permit the slm11atcr to
remain airborne for the power off engine condition. The engine failure
condition has been retained as a parameter for investigation because at
the hypothesized value of the letdown technique in event of such an occur-
ance *

The parameters of Variable Approach Angle, Full Manual-Split Axis,
and Flare Conand-No Flare Ccmand have not been included in the study
because of time limitations. The subjects are available for only 3
hours each; thus, in order to properly familiarize them with the slmu-
lator and obtain an adequate number of trials for tomoe conditions which
are being investigated, a number of parameters had to bq excluded. In
the study, the final approach angle has been fixed at 6, full manual
control is used for each approach in conjunction with flare ecamnd in-
formation. It is anticipated that a study examining the effects of split
axis control will be initiated shortly using different subjects.

Method

Apparatus

Disply. The display aspects are the same as described in MR 61-26.
Caiand 7t;ering information is being presented on the pitch cmonand bar
of the ADI thrcughout the entire profile. A light has been added which
indicates when the speed brakes are out. The ADI which is being used dis-
plays the angle to the station rather than the flight path angle as des-
cribed in the earlier memorandum.

Control. As was mentioned yxeviously, only full manual control is
being use-din the study. During pre-experimental, the subjects ccuplained
about the £orce-displacement ratio of the control stick; it was much too
low (light). This has been corrected. In addition, Link personnel have
eliminated the transient pitch condition which would occur when the simu-
lator was unfrozen. In short, many small deficiencies of the simulator
have been corrected, thus making it even more acceptable for use in this
type of endeavor.

Profiles. Figure 1 represents the profiles that are being used in
the invstigation. The task of the subjects is to fly the simulator from



15,000 feet along the profile to touchdown maintaining 120 knots alrosied
once the high angle letdown his been obtained; this results in a rate of
deseent apprximating 2500 feet per minute for the high angle letdown at
12 degrees and 1000 feet per minute for the final approach in Prntile 2.
The technique of flying these profiles is certainly only one of several
alternatives. For example, flying the profile in minimum time might Well
prove to be more feasible. However, the technique of flying the profiles
at a relatively slow airspeed of 120 knots in the study is being used for
several reasons. Primarily, this technique has been demonstrated at air-
speeds of 120 knots by facility personnel and we were directed to use the
same profile. In addition, the apparatus which generates the profile as
displayed on the pitch cmmand bar has been set for this type of airspeed.
The flying of the transitions is particularly affected by the hisger air-
speeds and greater rates of descent; this would muke the task me diffi-
cult than it already is, particularly for the camercial pilots who are
not familiar with one single display in the simulator.

Scorn. All measurement requirements specified in M 61-26 have
been satiied. The 36 values are coMuted for each component of each
profile and displayed on a digital voltmeter. Deviation from flight path
angle is computed for the linear components of the profiles and deviation
fron steering command is computed for the transitions and flares to touch-
down. Airspeed, rate of descent, O's, and angle of attack are being ob-
tained by means of oscillographic recordings. Values of A:S and R/D will
be obtained at each half mile and recorded for every approach. Average
curves my then be plotted at the conclusion of the study for each of
the experimental conditions. In addition, the terminal values of A/B,
R/D, 0's, and angle of attack will be recorded and statistically analyzed.
Distance down the runwy and lateral. displacement from centerline are
being obtained from Brush recordings for greater accuracy. X-Y plots
of lateral displacement vs. range and altitude vs. range are being ob-
tained for each approach.

Subjective data are being obtained by means of the semantic dif-
ferential, a positive-negative set questionnaire, and a general cmint
section. It is hoped that the first two means will aid In bettering the
questionnaire technique as well as furnishing data concerning the high
angle letdown, camni-angle technique.

Subjects. A total of 20 subjects will be used in the experiment.
Ten subjectswi ll be military pilots aSsigned to 030 and ewerent%2
"assigned to fly C-135 aircraft. fte repaming ten s9jects will be
cmrcial pilots currently flying 707 or DC-8 aircraft.

45



Emerimental Design. Since time was so seriously restricted, a
Lindquist Type III design is being used. In this design, each subject
will receive both profiles but will fly only one engins condition- powr
on or power off. Subjects are randomly assigned to the power conditions
and the experimental traatments are randomly presented to each subject.
Each subject will perform six trials, three for each profile. The design
will be used to statistically examine the terminal conditions as well as
the total RMS measure. Because of the difference in the profiles, a
Lindquist Type I design will be used to statistically examine the HMS
measure for each component of the profiles.

Procedure. In pre-experimental, it was found that practice was
needed in order to familiarize the subjects with the simulator as vell
as the task. As a result, the first of two periods for each subject is
devoted to a standardized briefing, twenty minutes of flying the simula-
tor through the various fundamental maneuvers and then practicing each
profile two times with the appropriate engine condition. The briefing
includes what is being done and why, a thorough explanation of the sub-
ject's task and operational procedures as well as a cockpit checkout.
The cockpit checkout is rather long as all new displays, at least to
the subjects, are being used including the Flight Director System. The
experimentor must be in the simulator during the practice of the trials
as well as at the time of actual data collection. This is not desirable
but the switching requirements demand his presence as well as the require-
ment to reposition the simulator at 20 miles and 15,000 feet after each
approach. The subject is told that the "co-pilot" will not judge or grade
him in any way. Riding along in the practice session does assist in that
the experimentor can explain things to look for in performance of the
task, how to correct various errors in flying the profile. etc. After
each trial, the subject takes the simulator off, and the experimentor
re-positions the simulator with respect to range and altitude. Then.
the simulator is frozen and the profile to be flown on the next trial
explained. The simulator is then unfrozen and the subject proceeds to
fly the profile. The technique of flying each component is read aloud
by the experimentor until the subject has the task memorized. In the
second period, a brief cockpit check is made. Two practice approaches
are then made, one for each profile. Six approaches for record then
are performed in random order. A five minute rest period is given
between the fourth and fifth trials. The questionnaire is administered
at the conpletion of the trials.

W. F. Swartz
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To$ Mr. J. H. •earns

cot Mr. S. G. Hasler, Dr. D. P. Runt, Iw. N. N3srew,
Capt. C. 1. Waggoner, and all ambers of the Martin
Human M40nieering Group.

$, i" J.3. brown

ubekct: Bibliography: Straight Scale Instrementationu 81tmIjt
Scales for Horizontal and Vertical Instrumentation; lected
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Meis bibliography vas prepared at the request of We* J, N. [s-rns.
The puppose of the present bibllography is to Indicate those reports
vhich relate to straight scale Instrumentation and to provides for eco-
paetlve purposes, a selected list of reports concerning circular scales.
The list of references has been selected to provide the information re-
qwwted and to supply additional sources of literature.

•* Brown



I. Applicable Reference from the Martin Contract Group

A. Conference Memorandum and Memorandum Reports.

Brown, J. E. Bibliography: Instrument Lighting, Instrument Color Coding
and General Illumination. The Martin Cmpany, AF 33(616)-7752,
Martin Human Engineering Support Group Memorandum Report No. 61-6,
29 March 1961.

Gainer, C. A., Muckler, F. A. and Obermayer, R. W. Non-Linear Altitude
Scaling for Bulova Altimeter. The Martin COMany, AF 33(616)-772,
Martin Human Engineering Support Group Conference Memorandum No. 30.

Gainer, C. A. The Bulova Altimeter. The Martin Company, AF 33(616)-7752,
Martin Human Engineering Support Group Conference Memorandum No. 37,
19 September 1958.

Gainer, C. A. Final Reco nendations, Bulova Altimeter Configuration.
The Martin Company, AF 33(616)-7752, Martin Human Engineering
Support Group Conference Memorandum No. 49, 20 October 1958.

Gainer, C. A. Take-off Information Incorporated into the Phase II
Mach Airspeed Indicator. The Martin Company, Ar 33(616)-7752,
Martin Human Engineering Support Group Conference Memorandum
No. 64.

Gainer, C. A. Scale Factors for B-70 Primary Flight Instrumentation
The Martin Company, AF 33(616)-7752, Martin Human Engineering
Support Group Conference Memorandum No. 95.

Gainer, C. A. Altimeter Scalingp Combination of Linear Factors.
The Martin Company, AF 33(616)-7752, Martin Human Engineering
Support Group Conference Memorandum No. 101, 4 June 1959.

Gainer, C. A. Summary of Proposed Take-off Monitor Displays. The
Martin Company, AF 33(616)-7752, Martin Human Engineering Support
Group Conference Memorandum 109.

Gainer, C. A. Modifications of the Bulova Altimeter, 10-Inch. The
Martin Company, AF 33(616)-7752, Martin Human Engineering Support
Group Conference Memorandum No. 110, 9 July 1959.
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Gainer, C. A. Bibliography The Display of Altitude Infa'mtion. The
Martin COany, AF 33(t16)-7752, Martin Huan InrgiUeering Supprt
Group Conference Memorandum No. 321.

Gainer, C. A. Human Engineering Recomnendations for the Display of
Mach-Airspeed Information. The Martin CaPany, AF 33(616)-7752,
Martin Human Engineering Support Group Conference emoaUnASu Jo
155.

Green, M. R. and Mengelkoch, R. F. Pilot Opinion Surveys Three Pointer
Altimeter. The Martin Company, AF 33(616)-7752, Martin Imn Engi-
neering Support Gxoup Conference Memorandum No. 161, 22 •A 1960.

Mengelkoch, R. F. Fuel Management Indicator: New Tape Proposal. The
Martin Company, AF 33(616)-7752, Martin Human Eng ring Support
Group Conference Memorandum No. 164, 2 February 1960.

Mengelkoch, R. F. Fuel Management Indicator: Second New Tape Propoeal.
The Martin Company, AF 33(616)-7752, Martin Human Engieering Sup-
port Group Conference Memorandum No. 168, 18 February 1960.

Mengelkoch, R. F. Results of Specialties Altimeter Pilot Opinion Sur-
vey. The Martin Company, AF 33(616)-7752, Martin Human Engineering
Support Group Conference Memorandum No. 171, 28 March 1960.

Mengelkoch, R. F. Results of the Phase II-A Vernier Tape Altimeter
Pilot Opinion Survey. The Martin Company, AF 33(616)-7752, Martin
Human Engineering Support Group Conference Memorandum No. 186,
3 August 1960o

Mengelkoch, R. F. Recommendations for Inclusion in Further Development
of the Specialties Altimeter. The Martin Company, AF 33(616)-7752,
Martin Human Engineering Support Group Conference Memorandum No.
187, 15 August 1960.

Muckler, F. A. Some Prelhiminary Human Engineering Recomnendations for
an Inf light Evaluation of the Drum-Pointer Altimeter. The Martin
Company, AF 33(616)-7752, Martin Human Engineering Support Group
Conference Memorandum No. 56. 12 December 1958.

Muckler, F. A. The Drum-Pointer Altimeter: A Review of the Evidence.
The Martin Company, AF 33(616)-7752, Martin Human Engineering
Support Group Conference Memorandum 65.
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Muckler, F. A. The Display of Altitude Information. The Martin Company,
AF 33(616)-7752, Martin Human Engineering Support Group Conference
Memorandum No. 80, 23 March 1959.

Narva, M. A. and Muckler, F. A. Reading Errors with the Drum-Pointer
Altimeter. The Martin Company, AF 33(616)-7752, Martin Humn
Engineering Support Group Conference Memorandum No. 31, 28 August 58.

Narva, M. A. Evaluation of Fuel Management Indicator. The Martin Company
AF 33(616)-7752, Martin Human Engineering Group Conference Memorandum
No. 36, 17 September 1958.

Narva, M. A. Discussion Concerning Caution Indicator and Graduations on
Eclipse-Pioneer Altimeter. The Martin Company, AF 33(616)-7752
Martin Human Engineering Support Group Conference Memorandum No. ,42p
29 September 1958.

Narva, M. A. Proposed Vertical Speed Indicator. The Martin Cumpany,
AF 33(616)-7752, Martin Human Engineering Support Group, Conference
Memorandum No. 50, 27 October 1958.

Obermayer, R. W. Bibliography: Straight Scale Instrumentation and Flight
Instrument Scaling. The Martin Company, AF 33(616)-7752, Martin
Human Enginee:ing Support Group Memorandum Report 61-2, 21 Feb 1961.

Rosinia, M. L. Human Engineering Consideration Concerning the John Oster
Take-off Monitor. The Martin Company, AF 33(616)-7752, Martin Hwman
Engineering Support Group Conference Memorandum No. 146, 17 Nov 1959.

Swartz, W. F. List of Reports Pertinent to AFC, Working Party 10, Produced
by the Martin Human Engineering Support Group. The Martin Company,
AF 33(616)-7752, Martin Human Engineering Support Group Memorardum
Report 61-8.

B. Engineering Reports Issued by the Martin Contract Group.

Gainer, C. A. & Brown, J. E. Simulator Test of Kollsman Drum-Pointer
Altimeter, Counter-Drum-Pointer Altimeter, and Specialties Altimeter.
The Martin Company, Baltimore 3, Maryland, AF 33(b1b)-7752, Martin
Human Engineering Support Group, Engineering Report 11,787, JUne 1961.
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Oasinr, C. A. and Rosinia, K. L. Th Study of Pilot Eye Fixations While
Flying Selected Maneuvers Using the Air Fore Integrated Instrumnt
Panel. The Martin Company, Baltimore 3, ibryland, hi 33(6i6)-T 152
Martin Hw-an Engineering Group, Engineering Report (In preparation)

Nengelkoch, R. F. Pilot Similator Ferfarimnce with Two Flight Instrument
Panels. Th ari Company, Baltimore 3, Maryland, AF 33(616)-Tm5,
Martin Human Engineering Group, Engineering Report No. 10,8416,
November 1960. (revised)

II. General References and Bibliograpihies

hrmod Forces NEC Vision Comiittee. Stu~rsto be Eglydin Research
an Visual Displays. Ann Arbor: Universityiof MIicigan, 9IiT7, 177

RaeC. A. and Grether, V. F. Visual Presentation of Informatiou. iLhi,
Wright Air De-ve1qpmnt Center, Wright Ba-tte-rson Air Force Baue, Gdao
Technical Report 541i~60, 19541.

Christensen, J. M. and Collins, H. R. Reports of Research In the Field of
Engineering Psychology. uwA, vr4 jut Mr Developmnt DenOe, WEiht
ft~tersOn AIr Force ma, Ohzio, Technical Report 53-75, 1953.

El~y, J. H., Thoson, R. K., and Or1ansky, J. yg~ of Workplaces. lAF,
Wright Air Development Center, Wright-FNttersonA&,r Force Base, (aio,
Technical Report 56-171 (AD No. 110507), 1956.

Ely, J. H., Thomson, R. M. and Or1ansky, J. Desgn f ontrols, Chpter-
VI of the Joint Services Hum Engiern Guide to EUSP~nt Design.
Wright Air Developmnt Center, Wright-Fatterson Air Force Base, Mic,
Technical Report 56-172 (AD No. 11802~3), 1956.

Fitts, P. M. (Ed.) Psychological Aspects of Eoj4~unt Design. lEAF,
Air Materiel Comig, AF Technical Report 5U29, Wright-Fatterson
Air Force Base, Ohio, 19119.

Fitts, P. M. Engineering Psychology and Equi~mment Design. In S. S. Stevens
Handbook of Experiment Psychology John Wile. and Sons. New York 1951.

Catti, Jennie Rtepot of Research In the Field olf Engieein hycolg
USAF, Wright Air Developmnt Center Technical Report 5b-154i, Wright-
Patterson Air Force Base, Chio, 1956.
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McCollom, I. N., and Chapanis, A. A Human Znineering Biblioepal.
Office of Naval Research Technical Report No. 15, Project NR 145-075,
San Diego State College Foundation, San Diego, California, 1956.

McCormick, E. J. Human Engineering. McGraw-Hill Book Company, Inc.,
New York, 1957.

Kappauf, W. E. Studies Pertaining to the Design of Visual Displays for
Aircraft Instruments, Computers, Maps, Charts, Tables, and Graphs:
A Review of Literature. USAF, Air Materiel Command, AF Technical
Report 5765 (ATI 55956), Wright-Patterson Air Force Base, Dayton,Ohio, 1949.

Robinette, Joan C. Bibliography on Aeromedical Research with Abstracts.
USAF, Aerospace Medical Laboratory, Wright Air Development Division,
Wright-fatterson Air Force Base, Ohio, 1959.

Saul, I. V., et.al. Human Enineering Bibliography 1227-1958. Office of
Naval Research, COR Report ACR-43 kAD No. 235970), Washington, D. C.,
1959.

Smith, W. M. and Kappauf, W. E. Studies Pertaining to the Design and
Use of Visual Displays for Aircraft Instruments, CMputers, MapS,
Charts, and Tables: A Bibliography. USAF, Air Materiel Coi and
Memorandum Report TSEAA-694-IG, 1;9( 7.

Stevens, S. S. Handbook of Experimental Psychology. John Wiley & Sons,
New York, 1951.

Stevenson, Sandra A. A Bibliography of Aerosace Medical Division Repots
in the Fields of Engineering Psychology and Training yFcholog 1945-
i260. Wright Air Developnent Division, Behavioral Sciences laboratory,
ri-ght-Patterson Air Force Base, Ohio, 1960.

Tufts College, Institute of Applied Experimental Psychology. Handbook of
Human Engineering Data . Second Edition (Revised), NAVEX0F P-I63,
Human Engineering Report SDC 199-1-2a, U. S. Naval Training Device
Center, Port Washington, Long Island, New York.

Woodson, W. E. Human Engineering Guide for Equipment Designers. University
of California Press, Berkeley, 1957.

Wulfeck, J. W., et.al. Vision in Military Aviation. UaAF, Wright Air
Development Center, Wright-Batterson Air Force Base, Ohio, Technical
Report 58-399 (AD No. 207780), 1958.
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m. ~~aghtScale Intrumentation

Anon. Aircraft IUstrumntation Data ftesentation and 1msmennpw

1 1908 (00 . Docusetation, Incorporated, Deuhingtan, D. C.

Annoo. 4-4g=iar Swaggring flunort for Ingicators (um - ir -

John Oster Owufacturing CoNWmzWR Avionic Division. A? Contract
AT 33(616)-3293L7 (Itain No. 3),P Bacin, Viscauiu,- August 1956.

Baciak, A. N. & Wild, J. V. 1ý tdIsnent ulfve
LMicator for EUtrBdrArrf. ACTcncl 95-

1A 555l )v , r Air Mkeon dueWight-Fatterson Air Force
Dame, ~ado, jaum Igo8.

Duals, L. S. Lgagratea Ietrunntation for modern Aircrart. xy
Technical Data Dig., Amly 1952.

NMdI gIedt S. To Buowau AltImmeter Iwaluation. 15W, WAU 111* Tout
Report 1L' 59-29, Mriltt Air Doelepoent Ceterp Wrigt-Dutturuom
Air Forme hue, 9 February 1959.

allJAW, Jo V. Desirable Control-Dis~e Relationsi for Mýf-scale

Cener. Vrght-Fatterson Air rorce Base, cN'iio (AD 61819), sepessiber
1954.

Brawn, 1. L. D2 M"? vertical Izmtruient Pru. Advisory Group f Cr
ýAwvoautical Reuserch and Developmnt Deport 236. North Atlantic
ftmaty Organization, Falais Do Cimillot, Fkrep s France. Repor
preuented at the Joint Meeting of the Flight Teut Fanai and Merinsdial
Paesli, 11-15 May' 1959 at Athens, Greece. (AD 237624i)

COMfly2, R. Z. XylatM of the Ai orce Ins ~gted Flih Intrument
83utest and Mudgne ftrawater 7Aicator. WADC lcncal late 59414.
Wright Air Development Center, Wright-Fattersoac Air Force Base,, Oio
December 1959.

Cook Research Laboratories. 8-mmaeluin on the MY? 711aht Control Die~a
lutemtio MEOMU Deport of a By usi bold on February 3-4., 1958.

PIesnte by the Flight Control Laboratory, Air Research and Developmnt
Cammu, Wright Air Devuelopmnt Center, WrIght-Fetteruon Air Farces Daue,

hido, 1958.
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Doug]as Aircraft Company. Integrated Instrumsent Presentation Systems;
J.= &B Progam. IR, Project N3-550-016, October 1951.

Uokswnmrdep R. T., and Hedberg, R. D. Controls adDslvtI
Dettctability of Errors in Certain Geomtia ofmai .
Frankford Arsenal, Phiiladelphia, Fa.., Memorandum Report 580,
Eumn Engineering Report 2, januar 1954&.

Elkin, 3. H. Effects of Scale, Shape xoueTmadDsWRs2L
ff__90% Z c!M en D TNchnical Deport 5-472

Wr1% ~rDevelomnt Cente, rgh-Fatterson Air Force Duse, Cliio
(AD 209381), February 1958.

Pike, A. I. Disn]&v of Altitude 9EMrUtOsi on Rectilinea Scales.
The Martin Company, AF 33(616)-374.9, Engineering Report 3.,732,
April 1959.

Foley, P. J. A Sunpary to Date on the AnUzlcation of Non-Uinar'Scales
of the Logarithmic T-ne to Altimeter Design. Defense Research
Medical laboratories Draft Report nUlL Fil1e No. 160-1/0-1611.

Pox, F.* D. Study Integrated Flht Enrm ad Access=r BSmte Tnatru-
innts for Multiengine Aircraft. Convair P711-171.5, Convair, General
Dynecls Corporation, Decembe 1958.

Grabo, N. 3. Toe Speed and Accuracy of Reading Horizontal, Vertical,
and Circular Scales. J. ýý1 Psychol., Vol. _40 1956.

Grahama, N. X., Beaster, I. G., and Browne, R. C. Maxial Tracking in
Response to the Display of Horizontal, Vertical, and Circular
Scales. Brit.* J. Payehol. Vol. ý& 1951.

Grether, W.* F.* The Effect of Variations in Indicator Desjo Upon.Speed
and Accuracy of Altitude Readings. Report TSZAA b9414~I. Air Material
Commnd, Wright-fatterson Air Forc Base, Ohio, September, 19417.

Grether, W. F. Analysis of the Types of Errors in the Reading of the
Three-Pointer Altimeter. Report MM 6914-10lA. Aero Medical
L&boratory, Wright -Patterson Air Force Base,, Quio, (AIC) 16 March 194.8.

Grether, W. F. Instrument Reading: I. Ttin Design of Long-Scale Indicators
for Speed and Accuracy of Quantitative Reading. !3. !21 Bwychol,
19I49, It' 363-372.
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grinber V. F. and Cowne.1, S. C scooia atr BQaag
Bingl Izetrumouts. US W eor o APIA ~
NOWmn1I Command, September 191.8.

Iopkinsp C. 0., Batuerscbmidt, D. K., and Anderson, K. J.* Dlpm n
Conrol nats for IMand MM F t UID hPIj

bo-9TWriht irDevlopentDivsin, Wgh-Batterson Air Force
Dams, adob, April 1960.

Jcdwon, K. F. Presentation of Keight Information. Internstilmal Air
Transport Association conference Report So. T3/vp-39. imcome,
Switerland., may 1960. j

Jenkins, V. L. Mean least Ttw and Its Relation to Making Settings on
a Tnar Scale. = SACTchnical Report 5-7-210 -MMI No. AD IMw.17i)
W~rnigh iro 1 %mnt Center, Wright-Flattersoui Air. Force Basse, Ohio,

JenkLne, V. L. and MorT, A. C. 7eInfluence of V'!LA Distanc in Mk

5ettim an a ~Ue Scale. VAW~ ADhia oe 524M W )
writ Air Denelopeet Center, Wrijit-Batterson Air Forc Base, Odol,

NOW Mbe 1955.

Laumie, V. D. On the Dexsmg of 12lsfor Gauges and lostrumntar
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Mr. R. Momro, 1/j~t. J. Stone, Capt. Waggoner, and &U members or the
Martin Ewan NRaginering Group.

i0row: C. A. Gainer and W. L. Welde

Subject: Pr.-Ahpertmental Results: Cockpit Display for All-Weatber

In Martin Nemmranduom Report. No. 61-25, it was speci fied that the
pre-experimental work Vould be used for i vestigatlaig thin following
aspects of the experlint..

1. Task Definition
2. practice Tsrtals Required
3. Procedure Rsefizamt
i&. Questionnaire Developmnt
5. DBg4tal, Caqter Progrm

A certain degree of success was achieved in each of the above tasks.
The pre-experimuntal work provlded~to adequate satisfaction~resulte
on Items 1, 2, and 3 above; however, limited value ues achieved for
the latter two Item under consideration in the per-experlmidntal work.

The questionnaire development is an ongoing task and there is a
continual effort to sophisticate mind ilarove these techniquwes. rbere
vere a nuber of preliminary efforts conducted prior to the question-
naire vhich v" developed for this study.- The results of only one of
these uas completed prior to the beginning, of the present study. ?be



results of the questiomaire are reported in Martin Memorandum 61-21. A
second memo vhich is applicable for this questiomnaire developont is MR
61-23. The results described in that mmo were not received before the
beginning of this study, therefore, the questiounaei was founded on one
sumarized study, one unfinished study, and a careful consideration by
a panel of judges.

There is tabulated data available on four subjects which will be
used for the purpose of checking the ccoquter program. This data is
expected to be made available by 31 Janumry and at that time a program
check Vill be initiated.

Task Definition

During the pre-experimental work numerous approaches were made In
an attempt to develop the most efficient way to iake the transition and
touchdqun. MR 61-25 showed a non-scale graph which shoved two points
of inflection as Is shown here In figure 1.

A

PV

U,.

T I

Oft RW -r OV

rigure 1. A non-scale graph of the final 500: a minus shoas distance
fren runway; a plus shovs distance down runmy; RW is the
end of the rummy.
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Values have been assigned to these points 2501 for the reduction
to 500'/nin rate of sink and 66' for the reduction to 200'/min. rate
of sink which is held until touchdown occurs.

It should be pointed out that the first thing each morning a complete
equipment check and calibration was completed prior to the arrival of any
subjects. After the final subject each day another check was accomplished
while getting the instrument panel set up for the next day's sessions.
During the days when the experimental panels were being used the absolute
altitude tapes were checked between each session. The detailed description
of the procedure and the task are as follows:

Experimental Procedure

Upon arrival at the simulator facility on Monday, each subject is
individually briefed by the experimenter concerning the simulator char-
acteristics, a general description of the flight task to be performed,
the specific manner in which the task is to be flown using the practice
panel and the procedure to be utilized for coaducting each day's session,
which consists of ten approaches per subject. Any questions presented by
the subject dealing with the task itself or the experliental procedure
are answered. However, if the subject's querries extend to the basic
experiment and if answered would be too revealing, he is requested to
reserve the question until he has completed the entire week of simula-
tor runs and questionnaires. At the end of one half the days trials or
the end of the 5th run a 5 minute break is given where the canopy is
opened and any questions are answered.

This briefIng takes approximately 15 minutes and occurs prior to the
subject entering the simulator cockpit. Also, at this time, a detailed
account of the pilot's flying experience is recorded.

A verbatum account of these experimental instructions follows:

General Description

"The task to be performed will be only the terminal phase of a
flight, - from the approach to a field to actual touchdown of the air-
craft on the runway. Assuming control of the aircraft prior to inter-
ception of' the ItS outer marker, the subject pilot will be asked to
maintain 'he glide path to the middle marker, at which point either of
two methods, depending on the instrument panel installed, will be utilized
In transitioning from the ILS glide path to the flare-out point and, fin-
ally, to touchdown.
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Me first of these two m'thods will be with a practice panel whereby
the rate of descent is decreaced at specific altitudes, thus approximating
the flare-out maneuver for touchdown. The second method employs a flare
shield displaying aircraft absolute altitude in which the rate of descent
is reduced as the flare shield passes certain index points on the vertical
velocity Instrument. The latter method will be utilized with each of the
three experimental panel configurations.

The task will be performed under the hood to simulate IR flight
conditions. A detailed description of the flight task and instrument
panel display will be presented prior to flying the simulator each day."

Simulator Characteristics

"The characteristics of the MB-5 simulator have been altered sme-
what in order to achieve a resemblance to the flight performance of a
multi-engine jet transport at a gross weight of approximately 180,000
pounds. In addition, a split-axis control system has been incorporated
into the simulator whereby pitch attitude is controlled manually by the
pilot, but roll and yaw is controlled automatically. Thus, there is no
lateral displacement from the ILS heading displayed by either the Atti-
tude Director (ADI) course bar or the Horizontal Situation Indicator (BMI).
Another prominent characteristic of the XB-5 simulator concerns the trim.
After a pitch correction has been applied, a slight delay precedes the
actual reaction of the controls; therefore, the pilot should be a&are of
this inherent system lag."

Flight Task Description

"The subject pilot will assume control of the aircraft for each run
at an altitude of 2850 feet and 8.2 miles from the runny. The aircraft
configuration will consist of the landing gear remaining down through all'
maneuvers and speed brakes (which act as the sole drag device due to the
absence of flaps on the F-10e) up initially and then lowered upon glide
slope interception. A constant beading of 360 degrees will be maintained
during the entire test run by the automatic lateral controller. Prior to
commencing with the experimental run, level flight and an approach speed
of 150 knots, requiring 92-93% rpm, will be established. The pilot will
fly at this altitude for about 45 seconds before intercepting the TT8 glide
path 6.5 miles from the field. As the aircraft nears one bar width of the
11 glide path, simultaneously initiate a 1-1/2 bar nose down pitch adjust-
ment on the ADI, lower full speed brakes and reduce the engine rpm to Se%.
This pitch change will produce 650-700 fym on the vertical velocity which
will, in turn, sustain the aircraft on the glide path providing the air-
speed reains constant at 150 knots. Approxamately twenty seconds after
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glide path intarception, the marker beacon vwin indicate the aircraft has
passed over the outer mrkier located 5.5 miles frnm the field.

While descending on the glide path, an rpa of 9.-92% vi maintain
the 150 knots airspeed and, because of the extremely rapid acceleration
and deceleration rates of the similator in relation to the amnt of
throttle smovement, any power setting varying in excess of 2% from this
range will create umarj deviations from the desired airspeed. Also, only
very minor corrections in pitch attitude should be made while descending
on the glide path for rates of descent greater than 1000 fps or less than
4O0 fpa are to be considered as approaching a tendency to over-control the
aircraft."m

Practice Fanel

"Bassage of the middle marker, occurring at 1000 feet MOL and .7 of a
mile from the runwmy, will again be signified by the varker beacon. This,
consequently, is the pilot's cue to disregard the UTS glide path needle and
fly only specific rates of descent to touchdown. Reduce the rate of descent
to 5•0 fpa and, accordingly, this pitch cbsnge necessitates a slight increase
in rpm to uphold the airspeed at 150 knots. At 820 feet NEL, which is 70 feet
above touchdown, begin a final flare-out maneuver by establishing a 200 fpm
rate of descent until touchdown. After the flare attitude Is established
and the aircraft is approximately 30 feet from touchdown or 780 feet DEL,
slowly retard the throttle to the idle position. Touchdowns will occur
at 750 feet NSL and, ideally, all touchdowns should be accamplished at a
rate of descent between 100-300 fpa and an airspeed of 140-1i5 knots.

To assure the pilot that the aircraft is over the end of the runwy,
a red flag vwil appear In the ADZ at the nine o'clock position wheever
the aircraft is above or actually on the rumny.

Upon touchdown, advance the throttle to 100% rpa and permit the air-
speed to build up to 170 knots for takeoff., At liftoff, the nose of the
aircraft vill pitch up because of a large amount of back trim an the ele-
vators. This pitch up tendency can be alleviated by the tmediate appli-
cation of nose down trim and the reduction of the engine rps to 93%. At
approximately 1000 feet ML, initiate leveloff procedures. When the air-
speed approaches 150 knots, raise the speed brakes, adjust the throttle to
maintain 150 knots, and retria the aircraft for level flight. While level-
ing off, disregard the Indications displayed by the altimeter and glide path
needle since the aircraft will be in the process of being repositioned by
the experimenter.
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the pilot will have two mimntes to @et 'squared auy' before cmmenc-
ing with the next erperimental run."

At the conclusion of this briefing by the experimenter, the subject
enters the simulator cockpit and is given a cockpit checkout on the item
listed below:

1. Altimeter
2. Vertical Velocity
3. Attitude Director Indicator - ADI

118 Glide Slope Needle
Runway Indicator

I: Horizontal Situation Indicator - WI
5.Airspeed Indicator

6. n i instruments
7. Speed Brake Indicator
8. Thrnottle - Speed Brake Switch
9. Control Stick

Trim (Slow reacting)
Avoid Depressing Pl1ot-Assist Button

10. Marker Beacon
U. Temperature Control
12. Canopy Switch
13. Seat Adjustent Switch

. R"dder Adjustment Switch
15. Ash Tray
16. Headset -- click mike to acknowledge in•tructions

At the end of this first practice session, the subject pilot Is
advised as to his next appoi nt.

The procedure an Tuesday is the sam except a refresher briefing
on the flight task and siulator cockpit Is given rather than the de-
tailed one received on the first day.

2he following three days, Wednesday, Thursday, and Friday, consist
of the subject flying the experimental ]Aels. Bach day that particular
experimental panel to be flown is described to the subject as he is seated
in the cockpit of the simulator. A detailed schedule is presented in Table
1.

One-Inch Module

"This instrument panel insert contains the standard round dial altiu-
eter. An Intantaneous vertical velocity with the capabil-ity of display-
ing absolute altitude below 300 feet has been Included in the insert.

This one-inch module instrument is an instantaneous wertical rate
Instrument, comaequently there Is no la ig Its presentation. Lbe scale
is graduated into increments frin 1,000 fpi ascent to 2,000 fpm descent
with an exViasion of this scale existing from 1,000 fps ascent to 1,000
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fpe deseant to provide mare precise rate information. If the aircraft
vertleal rate of climb exceeds 1,000 flu, the pointer vii move opposite
the window and the vertical rate will be displayed by a digit appearing
In the window. For example, if the aircraft vas climbing at k,000 fin
the figure "U" would be visible. The sam digital readout applies to
any rate of descent greater than 2,000 flu.

The flare shield, displaying aircraft absolute altitude, is an orange
colored tape vhich ascends from the bottom of the case to the zero index
and covers the right side of the rate of descent scale. The tape will ce
into viev at 300 feet altitude and vAI1 travel in a constant movement If
the aircraft rates of descent are reduced as prescribed by. the instruc-
tiens. As the flare shield ascends, the points Al -- the. rate of descent
scale only approximate absolute altitude below 300 feet' vith the exception
that the 1,000 fpm index on the scale represents 66 feet absolute altitude
and the 500 flm mark represents 33 feet of altitude."

SUMre

"This instrumnt panel insert contains the standard round dial altla-
eter. An instantaneous vertical velocity with the capability of displaying
absolute altitude below 270 feet has been included In the insert.

This is the Summers instantaneous vertical rate instrumnt which has
no lag in its presentation. The scale is graduated into increments from
4,000 fpa ascent to 4,000 fpa descent vith an expansion of this scale
existing from 1,000 fpm ascent to 1,000 fpm descent to provide moe pre-
cise rate Information.

The flare shield, displaying aircraft absolute altitude, Is an orange-
red colored ring which rotates about the lower perimeter of the vertical
velocity dial face. The tape vlll cme into view at 270 feet altitude and
will travel in a constant movement if the aircraft rate of descent is
reduced as prescribed by the instructions. As the flare shield rotates
to the zero index on the vertical velocity, the points along the rate of
descent scale only approximate absolute altitude below 270 feet with the
exception that the 1,000 fpm index on the scale represents 66 feet abso-
lute altitude and the 500 fpM mark represents 33 feet of altitude."

Ftase 32-A

"This instrumnt panel insert contains the Phase f1-A altimeter, vhich
is a vertical scale altimeter and an instantaneous vertical velocity in the
uam instrument. In addition, a flare shield with the capability of dis-
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playing absolute altitude below 240 feet bos been included in the wertcal
velocity scale.

2he vertical velocity indicator of the Fhase 31- altlieter is an
Instantaneous vertical rate ins truent, consequently there is no lag In
its presentation. The scale is graduated Into 100 foot Increments to

500 feet ascent-descent. If the aircraft vertical rate exceeds this
1,500 flu, the pointer will move opposite the aprqr•iate window and
the vertical rate will be displayed by a digit appearing in the window.
For emample, if the aircraft was climbing at 2,000 fl the figure 2"
would be visible.

The grey scale on the right of the instrument Is the altitude tape
repWesenting aircraft altitude in thousands of feet with the scale gradu-
ated into 500 foot increments and mnumbeed every 1,000 feet. The tape
moves and the altitude is read under the fixed reference line.

Aircraft altitude is presented in hundreds of feet by the black vernier
tape. The scale is graduated into 50 foot Increments and nmtbered every
100 feet. Therefore, precise aircraft altitude can be determined by first
obtaining thousand foot information froa the altitude tape and then obtain-
Ing the hundreds of feet from the vernier tape.

The flare shield, displaying aircraft absolute altitude, is a red
colored tape which ascends from the bottom of the vertical velocity scale
to the zero index and covers the left side of the rate of descent scale.
The tape will come into view at 240 feet altitude and will travel in a
constant movement if the aircraft rates of descent are reduced as pre -
scribed by the instructions. As the flare shield ascends, the points
along the rate of descent scale only appoximte absolute altitude below
240 feet with the exception that the 1,000 flu Index on the scale repre-
sents 66 feet absolute altitude and the 500 fpa mark represents 33 feet
of altitude."

When the subject pilot fully understands the various functions of
the experimental panel, he Is instructed how to fly the flight task with
regard to that specific experimental display.

Rxperimental Fanel~s

"Upon passage of the middle marker, a flare shield depicting aircraft
absolute altitude will come into viev. This absolute altitude display is

S~9



introduced at feet* above the terrain or feet MSL*, and this
consequently, is the pilot's cue to reduce his rate of descent to 500
fps. And aWain, from the initial appearance of the flare shield to
totchdown, the IUS glide path needle should be ignored and only the
specific rates of descent are to be flown.

As the flare shield passes the 1,000 fja rate of descent Index,
which represents an aircraft absolute altitude of 66 feet, the pilot
begins a final flare-out maneuver by establishing a 200 fpm rate of
descent until touchdown. Also, as the flare attitude is assumed and
the absolute altitude flare shield passes the 500 f rate of descent
point, which indicates an altitude of 33 feet, slowly retard the throttle
to the idle position."

The first half of a two-part questionnaire is adminLstered to the
subject by the assistant experimenter prior to being released from the
simulator facility. The second section of the questioziiafre is ansvered
by the subject preceeding the following day's sinulator flight. A detail
layout for the order of questionnaire presentation is presented below.

After each daily session, the subject is requested not to discuss the
study with anyone until its conclusion.

Practice Trials

Means

The measurement of the learning effect is not apparent when the
means of the various parameters are plotted. For example, the mean
of the airspeed at touchdown for trial one is 1i2.2 and for trial twenty
the airspeed at touchdown is 1.l13. The other trials had an inconsistent
scattering of the touchdown airspeeds from 138.9 on trial 13 to 143.9 on
trial 5. This tendency to be inconsistent in terms of the mean was appar-
ent for all the measurements recorded during the practice trials. There
is no particular reason to expect a general decrease in the size of the
means as in every case there is a desired value to be held. It is expected
that the groups of subjects as they learn control of the simulator to de-
crease in their dispersion about the expected value. For example, it was

V ilues are inserted which are appropriate for the instrumedt being used.
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anticipeted that touchdown would occur at about 145 knots. When the
touchdotn speeds were computed it was noted that same were such higher
and som were lover but when averaged together the scares were as stated
above and thus• left some doubt as to vhether learning bad taken place.
Since the dispersion of the scores about the fixd value generally
decreases as a function of trials, it can be assumed that there ws
learning occurring.

Standard Deviation

Figure 2, 3, 4, are plots of the standard deviations of the subjects
as a function of trials. It should be pointed out that the ardinte in
each graph Is in error voltage and thus, all three parameters are plotted
on the sam ordinate scale even though the converted values vmld be quite
different. Each of the curves must be considered as indeendent.

Trials 1-10 represent the first practice session. Trials U-20 repre-
sent the second practice session. As can be seen by the plots of the air-
speed., vertical velocity, and range, there Is a trend for a gradual decrease
in the magnitude of the standard deviation from trial I of the first session
to trial 10 of that session. Figure 2 shows an increase In the error volt-
age an trial 11 or the first trial of the second day. Aplarently this is
due to the intervening time period which ranged from 20 hours to 26 hours.

It might be noted from figures 2, 3, and 4 th•t there is not a con-
tinual decrease in the size of the standard deviations rather the trend
is to decrease with scattered points along the trenf line. Figure 5
shows the actual plot with the hypothetical plot that would be expected
providing there were adequate subjects to stablize the data points. From
these four figures it can be concluded that learning in terms of the con-
trol of the simulator occurred.

2here is some additional learning vhich takes place In the second
session as is demonstrated, trials U-20 of figures 2, 3, 4, and 5L, but
there is a primary trend of scattering about the level achieved in the
first session suggesting the fact that the performance asystote has been
ajproached. By trial 17 or 18 they are relatively itable vith very little
i•ov nt occurring after these trials. The deteriation in the final
trials could possibly be explained by fatigue or aotivation. It is not
unusual to observe a slight deteriation in perfsmance In a repeated task
which i1 learned.

It Is felt that the increase in the standard deviation In trials 19
and 20 are not motivationally associated with the program because of the
general imrovement on day three, the third exrimental session and first
with absolute altitude.

16



As a confirmation of the general improvement in the subject handling
capability of the simaulator figure 6 is presented with a curve of the
error voltage for airspeed and vertical velocity Once again the manas do
not demostrate learning taking place while the variability about the mean
does show a definite decrease. This curve is plotted from the integrated
error square scores from Outer )arker to Middle Harker.

P9eriental Desin

The basic design has not changed as this in still a four imaesional
design. The variables have been changed as well as the effects of primary
concern. The variables for this study are:

1. Order (a control variable)
2. Subject Groups
3. Instruments
II Trials

The interaction of prime interest are pilots by instru•ent, triall by
instrmnt, pilots by instrument by trials. All other effects are impor-
tant but are not of primary importance and will be utilized for control
purposes only.

The final design to be used is described In the folloving paragraphs.

The design used in this study vms a four diaensional, mixed oesign
similar to those described In Lindquist (Ref. 1). The 24 subjects Vere
"assigned to one of the six orders of instrument presentation in accordance
with their appearance. Within each of the orders all other treatment com-
binations were administered to each subject except for the dimension of
pilot background which by definition was the second between effect. In
other words within each pilot group, two subjects, received one of the
six orders in combination with instruments and trials.

There were six possible orders by which the three instruments were
presented to each subject group. All six of these orders were used and
two military and two civilians were assigned to each order. The follow-
ing orders were used:
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Orer 1 If-A, god, Sun*
2 Mod, II-A, Sum
3 Sum, Mod, 11-A *Sum - Sumer IVVI
4 II-A, Sum, Mod Mod - 1"Madule IWI
5 Mod, Sum, II-A fl-A - Phase fl-A Altimeter
6 sum, IX-A, Mod

With this arrangement all instruments occurred twice in the first posi-
tion twice in the second position and twice third. For eXample, the 1"
mule occurred first in orders 2 and 5, second in orders 3i and It, and
Ust In orders 4 and 6. By this arrangnt, practice aM fatgue effects
ubich might cause differences were subject to control. The arrangement
also minimizes any systematic influence resulting from one instrument
always preceeding or following another. Thus, in this experiment order
is not an effect of primary importance, but is included as a control vari-
able so that the variance attributable to order can be extracted from the
error term. It is not anticipated that there will be a significant effect
of order but this technique 'purifies' the remaining tests.

Table 2

Analysis of Variance Summary Table for the
Sources and the Degrees of Freedom*

Source Degrees of Freedom

Between Subjects opn-i - 23
Order (0) 0-i 1
Pilots (P) p- 5
o x P (o-l)(p-1) 5
Error (b) op(n-1) 1-2

Within Subject opn(ri-l) 4W08
Instruments (I) (i-l) 2
Trials (R) ~r-1 5+1I X R( )il (r+l) 10
1 X 0 (il(ol 0

R Xo (r-l)(o-1) 25
R XP, r-1)(p-l) 5
OX PX I (o-1 ip-1 (i-1) 10
0 X PX R (0-1) (p-)(r-l) 25
IXRX0 (i-l)(r- )(o-l) 50
I X R X P (i-0)(r-I)(p-l) 10
0 i P X R X I (o-l)(p-l)(r-l)(i-l) 50
Error (W) op(ir-1)(n-l) 204
Total opirn-1 V31
*There were 6 orders, 2 pilot groups, 3 instruments, and 6 trials.
0=6, p-=2, nt, i-3, r=16.
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Items tDb._ Accogpiished

-The only things left to be accomplished is the conduct of the egrjmwt
the analysis of the.data, and the preparatioe of the MartininserinI Deport
which will be used by the technical vritews for preparingý I '.inai two oc-
tioms of the rAport to be issued to FAA. It is anticipat6d tkit the time
limitations at the terminal end of this exper1msiit ari even uae critical
than before. The data analysis at its best vill not•.be col'ted until
30 March 1962 which leaves f=zr weeks for the cmpleiing' and Jasuing Uf

the-report.

'Reference

i~ndquist, E. F. Design and Anaslysis of 'ftEriments in P& C)loyan
Education. Boston: Houghton -MXifflin Compeny, 1953-.

C. *A. ianeir . • .•.

W. L. Welde " "
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AIR FORCE CORMOL-DISPIAY IN fa O IRIORAM

Martin-Human Engineering Group
A? 33(616)-7752

Sm =: 62-5 9 February 1962

Task;. Consultixg

To: -Mr. R. B6.1vis

cc: Mr. S.. G. Hasler, Dr. D. P. Hunt, Mr. J. I. tearns,- Mr. S. Kneeyer,
Mr. A. L. Longiaru, Mr. N. -McGrgor, -Capt. C. osggoer, Mr. Warren,
Mr. R. ible, Major W. 3. Wilvert, and Mr. G. L. Yingling, and all
members of t2e Martin Human ogineeritg GrouD.

From: W.-F. Suartz

Subject:. Work Statenmt: Investigation oT the -elati•nship Vetween
.plit-A•ls Control and Task Load for. the iigh egle Letdown,

-. I..Anroach to Touchdown.

In the T-33 infligbt investigation, of split-axis control for the land-i~neuver, a significant improvemeat of localizer performance by the
introduction of automatic lateral control did not result in a subsequent
improvement of. glide slope performance. This finding is contrary to the
hypothesis that unburdening the pilot from havinW to maintain-control of
the aircraft in rofl a'" yav, while performing_ the landing mneuver, will
result in better glide slops (pitch) performance. The explanation advanced
for the neutral finding was based upon the fact that the task load was rela-
tively low for the inflight study. The T-33 aircr&ft had excellent handling

.qualities, rather slou-airspeeds, and never flew in 90 degree cross-viDds of
greater than 10 knots or gusts of greater than 5 knots; any one of these
factors, either singly or in ccmbination, could have incre-sed the tAsk load
of the pilots in the study. Based on this, a hypothesis vas made which
stated that the split-axis control would have inproved glide slope per-
formance if the task load had been higher. A primary purpose of the study
described in this memorandtm is to-examine that hypothesis. The MR-l Simu-
lator is being utilized. This study is being conducted in conjunction with
high angle letdown,-omni-angle approach study.



lelsetime of Far ters

The two pmramters selected for investipatIon are Controls and Task
Load. TWo levls vithin each paxmmter are being studied. VithLn the
prmetemr, Controls, the standard Full numal control and the egelmental•,•
Split-Axis Control, ae being utilised. ull. Maul Control is In'mtprated
Into study to ftris' h baseline data for cmpastive pu'qs with the
split-axis counrol condition. Took load vwil lma the l.wls of bih and
1w. 3e task l•od vill be introduced by ms of boing rough air aud
hbaIng the subjects miatain airspmed withln plus or tnim four kots of
the &ired. Rough air Is not of •nterest se, bot is bsmgn used as a
mm- at Incrasing Coumse cpledty which --- lmoramas.e tim task load

of ti subject; miutaining strict airspeed control Isesamthe tUsk load
em ume. Low task load coesists of no roh air ad no Units with respect
to airPed.

Method

2he following Instrumat displays will be used In the study:
a. FIAt Dlectw Systes

(. n ttitu, e Diector Indicator

(r Pit ch Com ma h ra

d Bnk Coinai Br
e Dep•essio a Anle to Mw Station

(2) hWisnta ox.I tuatiab Indicator
(a) lateral W tsglacmot t

b. Dame I- tlTA2i lte.
SAltitude Tape

11 erier Altitude Tooe
3IMntntamo Vertical Raft

c. I rsontil him Airspeed Indicator

COMMA baok attitude and commnd pitch amttud oft r-tiom are placed
wpor tWO omnid bars of the A9I far the ntim peoirile from altitude to touch-
down. go lateral displommant bar or the U! displays the incurred angLuar
error to thecenter of the localizer bees.

Control. Full Ibmal control (standard) will be availasb for use as
mla saijV-axis. Splt-axis control wil consist at automtic Cotrol
of rOll aid yaw vith muml control of pitch; the simmAstor will be flom
0104 the localer bum atmatIcally when the split-azis condition Is
being aqg"W.d
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Profile.* Figure I presents. the profile to be used In the inwsntigtion.
sw ta-W-the subject is to fly the stimulator frro l5~o00 feet, dow the
hi& angleI letdown of 12 degrees, transition Into the XIS Arafoch of 3

spASrm1s,, and on to tucbzcdown. 3me profile is flown by maintaining the mull.
at the commn bars on the AMI. It is noted that the angle of 12 degrees In
beiwg umed to mintain the caqatibility of thiw invesrtietia. with the high
angle letdown, caw-angle approach study. By laying a profile such as shown
In Figue 1, both the hig& angle letdown and the USB aproach ispments ny
be used to euuizm the perameters of Controls and Task Lead.

asfuca'w. rmsarn apparatus In the sow by necessity few this study
an or- -am-angle aproach inmsti4ptio. sinmte studies are being con-

ducted coan-currently. Airspeed, vertical rate,, Go, and angle at attack are
being recorded by a Sambor n millogrqhilc recorder far the entire profile.
The terminal performance score for each of these paramter an also cb-
taiind by mame of the ascillogpahic recording. Brush recordings of
distamee down the runway and lateral displacement upon touchdown are being
maed ot each anroach. Umasuement of the Mftn Square Is being obtained
for (1) the high eangle Intercept, (2) the high angle letdown, (3) the tran-
aition to the US, (ki) the ILB apprewAc and (5) the flare to touchdown.
?be Mean Square estimtes or deviatiorn fro the desired flight path angl
are being obtained far the linear portion of the profile and estImates of
deviation from the commo pitch attitude are being obtained for the nom-
linear portIon. of the profile. X-I plots of lateral displacement vs.
range and altitude vs range are also being saft of each ayoamch.

Subjective data are being obtalned by man of the questiofhaire
tchfiqm. 3me semantic differential Is being utilized In conjunction
with the questionnaire.

Subject

It would be desirable to bae. a minimum or 20 subjects for the study.
Do.s to the difficulty In obtalinin subjects, 20 my be somwhat -Abitious,

hwaere* An absolute minimum will be 15. Since the difficulty does exist
In obtsaiing subjects, the subject qualificatious most be somewhat lower
than aptium In order to obtain terequired ambay. Therefore, jet time
Is not required of the subjects. 3im major qualification Is that they moat
be currently rated pilots.

ExperImental Design

By reducing the qualificatimr requirements,, there can be little doubt.
but that the between subject diffnereces would siofioautly contribute to
the experimental errat term, thus, resulting In conservative eatimetes of F.
Therefore, a design is required which will comensate for the bypothesized
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difference betwen subjeat.. be Treatment I Trat t X Subjects eel.1,
satisfies thim requireme. Usiing thins design requirms that each subject
ruCelys each c1m U mtie, of Controls "(Full Iftns "zd Split-axis) and Usk
Load (ig~h and IM). The cambnaticm re ad-InI toyed in rmndoa erde-.
Ebch subject vii receive each combintion two time for a total or 8 trials.
In addition, each subject receives one practice trial for each ecoition.

Procedure

upon appearance, each subject is given a standardized briefing. 2his
briefing includes backgrcund informtion conceriing the study the PMopse
of the investigation and a thorough explantmion of the profile. YcUlwing
is a thorough cockeit check. Most of the subjects are not familiar vith
the Flight Director System and none of the subjects has 3ver - ,A;Mo
331 altimeter. Following the briefing, each subject is permitted to fly the
elmzlator for 10 minutes in order to become accustcmd to the sensitive ca-
trol "ste*. Upon coletion, each of the conditicdn is practiced on-time.
t- hzperiuenter =wt be in the simulator at this time in addition to all
subsequent trials in order to make the proper mode se3Action chenes and to
repoAition the stimlator upon ccopletion of each trial. The subject is told
tkat the experluter Vill not judge or grade him in axy ay. VpM cple-
tion of the Iracitce trials, the subject is given a 10 minsite brelk. 2be

e trials for purposes of data collection are then performed. A
•nmimnn bumak is gin between the fourth and fifth trials. All trials

mM NO& under the canopy. The overall time consumed by each subject is
u hours. Actual running time is two hours. A questionnaire is admi• -

tered at t+% cwL--tien of the trials.

W. F. svz
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AIR FORCE CONTROL-DISPIAY INTEGRATION FfOGRAM

Martin Human Engineering Group
AF 33(657)-8600

mEMRANDUM REPORT: 62-6 27 April 1962

Task No.: 7

To: Mr. E. L. Warren

CC: Mr. William Austin, Mr. E. Bobbet, Mr. J. Charlton, MrI R. N. Davis,
Mr. T. J. Emerson, Mr. S. G. Hasler, Dr. D. P. Hunt, Mrs J. .Ho Awas
Mr. N. MacGregor, Mr. E. Vinson, and Capt. C. E. Waggoer, and all
members of the Martin Human Engineering Group.

From: L. E. Brown

Subject: Mark IV-B Development: Work Statement: Equipment Requirements
for Preliminary Measurement of Mark IV-B Profile.

The purpose of this work statement is to set forth the requirements
for measurement equipment for the purpose of obtaining some preliminary
measurement of the flight profile of the Mark IV-B vehicle. This profile
is the same one used in the Mission-Equipment-Fmurtions-Task Analysis
(MEFT) and is shown in MR 61-20 dated 31 October 1961. However, the pro-

file indicated in MR 61-20 has not been empirically verified. In fact,
data which would furnish a more complete description of the vehicle per-
formance is still lacking. It is felt that some information could now
be supplied by use of the Hypersonic ME-1 which utilizes the same analog
computers as will te Mark IV-B. Data gathered from the Hypersonic ME-1
will not only be used to describe the vehicle performance characteristics
but will also allow further description of the operator's tasks.

Perhaps the most important question which can be most readily answered
by the simulation data is,, "Can the profile be flownt" At present, this
question can not be answered without data from the simulator.

In order to gather as much information as possible about the flight
profile, the following measurement and measurement esyIpment are requested;



)hasures .quipient

A. Profile Measurement X-Y Plotters (preferably with two
I, Altitude vs. Range different pins)

G. Ground Path or ad/or
a* rangexV8 &-Time 1 X-Y Plotter and one 5-C'hba*2
be rangeyvs. time Oxcillographic Recorder

3. Path Angle
a. Headinrgu
b, Fight %th Angle rD.

B. Attitude 5-Channel Ocillopgaphlc aeaorder
1. Angle of Attack *at
2. Roll Angle -,,
3. UwAngleu = Side Slip
i. Pitch Angle .

'aAngle of Attack ft) Path
levation.Angle-.

C. Notion Along Path 5-Channel Oncilloprphic Recorftr
i. Altitude = h Attd
2. a kxe of itude,

S- OV/C ornD) "

3. Indicated. Velocity. (ft/sec)ab

*h. Tmcl ?rue Velocity/veloiity•Of BMM)P.*V • Tons

M, . aeccoeleratiom. in vertical

b. At a acceleration in transverse

c. Al .aceleration in lateral
axis

nt addition to tbe above mesurements it will be necessary to measure:
16 Ground Path
2. Reading vs. Re'p

*3• Fee Chanal K for Codig nients
*Zf awre free chanels a"e avalabla,, it VQW4d be desirable t3 .slasure flap-
puition, *kId positionp speed brake position, etc. for the ptwpase of
Lookng at the effects of each.

2



Appratus

The apparatus will be the Hypersonic ME-1. In addition to the
primary flight instrumentation which will be installed, it will be
necessary to have a Horizontal Situation Indicator to furnish navlga-
tion information. The ESI should be of the type having concentric
rings and should have ME and bearing information.

Subjects

Because of time limitations, it is thought that the number of
subjects required should be no more than ten but not less than two,
To obtain the maximum value from the subjects, repeated measures will
be utilized. The subjects will be qualified pilots (prefereably with
jet tim) and will be drawn on the basis of availability.

Procedure

The subjects will be briefed on the profile shown in MR 61-20,
They will then be given ample practice time to learn the flight char-
acteristics of the vehicle ard to practice the profile. After sufficleat
practice, the subjects will then fly the profil1 a number of time for
the purpose of measurement.

Results

The results will be analyzed only with respect to answering the
following questions:

1, Can the profile be flown?
2. In flying the profile, what are the quantitative values of

the important flight parameters during each phase?
3. What are some alternative methods of flying the pevtile?
4. If the profile can not be flown, how should. it be changed?

3



AIR FORCE COITROL-DISPIAY IB*MRATICK PR=AM

Martin Human Engineering Group

Al 33(657)-8600

MORAMDUM RERT: 62-7 20 June 1962

Task No.: 12

To: Mr. R. W. Obermayer

cc: Mr. Basham, Mrh Bryan, Mr. Davis, Mr. Frost, Mr. Hasler,
Dr. Hunt., Mr. Kearns, Mr. Knemeyer, Mr. Lemon, Mr. LIppecomb,
Mr. Longiaru, Mr. McGregor, Dr. Muckler, Mr. Ostgazrd,
Mr. Purcell, Mr. Rosenbaum, Mr. Ruih, Major Bumerich,
Capt. Waggoner, Mr. Warren, and Mr. Yingling, and all
members of the Martin Huaan Engineering Group.

From: W. K. McCoy, Jr.

Subject: Pilot Opinion vs. Validity. A Presentation given to the
Flight Control Laboratory, 13 June 1962.

S------------- --- -------------

The logical starting place for this problem is to determine vhat
is wanted from a man-machine system evaluation, or an Investigation of
an element of such a system. There are perhaps four major objectives.
These are: (1) to predict the ultimate system or element capability,

2) to predict the ultimate user acceptance of the system or element,
to elicit design information. That is, to elicit specific infor-

mation concerning particular elements of the system. This information
could be used to improve the system, and (4) to determine the potential
of a system. That is, to get indications from the prospective users of
a system, pilots, as to what direction the developmnt of a system might
take. Of course all such studies might contribute to car general under-
standing of man-machine systems.

The current techniques for conducting such evaluations usually
involve takir3 "overall" system performance measures while systema-
tically varying the elements, both man and machine, to determine which
elements produce the best overall system performance. B3f eovera
system performance, I mean the total system output. The masures in-
clude the man's output plus the output of the machine. Figure 1 shoam



such a system. Measure are usually taken from the vehicle perfaramne.
The system is either simulated or "flight testedo a a sunple of pilots
is selected and used to operate the system while measures are takan.

- Display Rmoa >control

Figure 1

Interest may be in either investigating particular elments of a
system or in comparing two or more systems. In either ase It is desir-
able to obtain information concerning the characteristice and capabilities
of the Individual elements. so that the system might be Improved.. The
"overall" system performance measures do give us the variability of the
total system output, but very little information cosoerniag the indivItal
elements can be extracted from such data. The coolieate1 inmractia•s
between the man and the elements of the systems and between the elements
themselves make interpretation of the measures in term of any particular
element impossible, at least in the present state of the art.

Ideally for the most effective investiumtion of a s73tea# the
functional relationships between "what the Man does", all his out-
puts, and "what the machine does", all the responses of the maechine,

2



should be determined. Such functional relationships would vsrmIt the
optimum design of a system so that each element would provide suclum
positive contribution to total system output without copromising the
other elements.

As in the case with most ideals, this in as yet not possible to
achieve. We could conceivably measure everything the man does while
performing the tasks necessary to control the system, but Ve can not
measure "what he was responding to". For example, in a recent "eye
movement" study, the experimenter was able to record accurately where
on the panel the pilot was fixating, but could not precisely determine
"what the pilot saw". That is, he could not determine with precision
what the pilot was responding to. This shows clearly why we cannot
tie down the pilot's responses to specific characteristics of the machine.
That is, we cannot yet determine functional relationships.

The lack of information in "overall" system performnee neasures
concerning the specific elements makes questitung the pilot not only
desirable but necessary. Also, information concerning the ultimte
acceptance of the system by the user should probably ecioe from the
user.

The information to be elicited from pilots could be divided into
six categories, these are as follows:

(1) Pilot's self analysis of his tasks:
A. Status information (Did he know the status of the system at

all timbs).
B. Did he know what to do at all times?
C. Did he know when to do it?

(2) Pilot's judgment of system performance:

(3) Design information:
A. Specific questions concerning the elements of the system

(control and display).

(4) Acceptance information:
A. Willingness to use the system.
B. Need
C. Preference

(5) Fidelity of simulation:
A. Questions to enable the investigator to determine whether

or not he has achieved a reasonable degree of representative-
ness in simulating the enviroinnt to vhich predictions wIlI
be made.

3



(6) squipmt oeration:
A. Qmustimos to enable the investigator to determine whether w'

not the equipment used in the study functioned s was ass
during the "evaluation•"

With these informetion requirements in mind we can consider som
problem. involved in obtaining a "valid" technique for eliciting such
informetion.

First, we night consider the pilotto taok in makia the "design
Judgment&" we call for. Traditionally in flight testing the pilot's
task was relatively simple. He was told to fly various profile* and
determine, usually oan a check-list basis, whether or not the various
elements of the system functioned properly. The Judgments were simply
"it worked" or "it didn't". Now we ask considerably mwe from the pilot
He is asked to make subtle Judgments such as those ac oering number sLse,
panel arrangement, lighting, control pressures, ain settinga sand imny
others. These are mny times very subtle Judgments, and to complicate
things we ask hia to do it while performing the tasks ncessary to con-
trol the system. Possibly we expect too much. At present we mat assrn
that the pilot can nake the Judgments ve ask for but the assumption is
certainly questionable.

Assuming that the pilot in a "valid" source of Informtion still
leaves problems in obtaining valid messurement of his responses.

Validity has a number of meanings and has proved to be a difficult
concept to tie down to our measurement problem. The most general con-
cept of validity which asks. "Does this test measure what we suppose It
to measure?", does not seem to have much utility for our.g'oblem. Con-
cerning pilot opinion, we must assume that we ae measuring pilot opinion.
Thus, we would need some "true scale" of pilot opinion against which we
could check our measures. We have no such scale, so generally we use
some other independent measure of opinion to check owr experzmenta1 mea-
sure. If the two measures agree, the best we can assume •s tbat we have
consistent results, because the possibility exists that both insures
could make the same type of errors. If the mesures do not agree we
cannot tell which, if either, In valid and which is not. Validation
of our measures under this criterion does not seem promising at all.

Test and measurement psychology cites four typ•e of validity In
the literature. These are more or less operational definitions which
differ in the aspect of validity that Is of major eoen. The first
two types are statistical validities. That is, there are sttistical
procedures for determining the degree of validity achieved.

4 4



1. Preicive Volidi. Predictive validity Is evaluated by abow-
Ing hw wel cti Ion maed from the toot are confirmed Wy

subsequent obser wation. The moot common uiny to 6beck prndio-
tive validity in byý correlating test scores with same subsequent
criterion =esources.

2. Cocurnt Vall4dt. Concurrent validity is evaluated by showing
howwel~escores correlate with sam concurrent status or per-
formance. This is similar to predictive validity excep for the
point in time at which validating criteria are "elooted. Vsua3.2
the measures are obtained simultaneously, or at least about the
sae time. The most camon reason for seeking concurrent vali-
dity is to substitute one measure for another.

The second two types of validity are logical validities. That is,
there are no statistical methods to determine the degree of validity
obtained.

3- Content Validity. Content validity is evaluated by shoving how
wellthetee Csamples the class of situations or subject matter

about which conclusions will be drawn* This must be decided on
a logical basis., usually1 by expert Opinion.

4&. Cosrc aiiy Construct validity Is evaluated by nvestS.-
gaing wha -poyeological qualities" a teat measures by demos.
strating that certain explanatory constructs or theories accwmt
for,, in eme degree,, the performance on the teat. This concepit
Is used when interest in in validating theories or conatruolke.
Defining the "psychological qualities" assumed to be~assasure4
by a test is done on a logical basis.,

For our problem of eliciting "valid" pilot opinion, two of these
types of validity seen most crucial. To obtain design information from
questionnaires,9 the questions for this purpose would need to be" high
content validity. That is., the responses of the pilots to suoh questions
must have precise meanings in terms of design parameters. We can 0027
rely on the opinions of experts to decide whether or not we hae" content

For predicting the ultimate user acceptance of a system or element
of a system the questions for this purpose would need to have high pre-
dictive validity. As pointed out above we can statistically check the
predictive validity by correlating our measure'with Gom sub~equent
criterion measure. But, determing such "Criterion measures' Is no
smell task. Ibny of the problems we encounter In constructing snem
measure of opinion are Involved also in determIning the criterion for
validation.



We suppose Vi an mina ing pilot opinions. Befoe Vim oantt
an sort of valiations ve must be sure *hat ouw a mse Is roJ•ablo
By rellable, I man that our aue will "acose consIstou reslts
If applied to the sumsam ple aain and again, prided tVat or sample
has received no new Inforeation about the system or el omt about which
they have expressed opini•cs, ftis Implies that oJLgai Is a relativel3y
stable quantity. Is it? Can ve aumn tbat pilot q.auom All vary only
with the systems or elements being Investigated? Or, wae there other
factors not controlled by our measue that have a slgiftosa effect am
Opinion? What about the bpes and motives a the d,,ot As psychologists
we know that these things do affect opinions but we do net eu' w 't-, -
degree or direction of the effect since our masures d0 not control for
such variables.

The major concern of this paper is the validity of pilot opinion
mas.ues, but it Is clear that validation und manWy cameot Is not fea-
sible until we have achieved reliable msures. NOW C. A. Gainer's
vork with a device called the " Semntic Dtfferential* ohews the most
protse .temmm of stable, or consistent results. It b" been used
only three time at present but the results have been encomaging.
More effort with this device is now in proresse If it an be shown to
be a reliable masawe, validation attempts will probably be made.

ee0 
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Sewintic Differential

The Sementic'Differentilal is a combiatio of word ass ociation and
scaling techniques designed to elicit iderent feelings or attitudes.
This device, as used for Instrument evaluation Is fully described by
C,' A. Giapnr x=P )1ranDh%.)3uber 61-23.

In the inveotig~tion of -the Micro-Vision display, the five Bu~ject
pilots received tba BeazAnti Differential three tins. during tse Imves-
tigation. The first mne men administered before the pilot, receivea any
hint hand experience with, the Micro-Vision display and Only Limited
Information concerning its use (pre-lbrietims). tb. seaova differential
was given after the pilot 0a *orientation tlot. - bt 0.. after tbis
]pilot bad had 6 det~ilsd billef ing on ko-io.aat1.7f*
several approach profiles using the Micr-Vision display(pe-retio)
The final Bemutic differential vas gi~en after the pilots bad flown At
flights in the iuvestigation (poet-test). Obtai~ntu data at these te
points In the progreis of the investligation ser*d to indlOate all *805u
in the pilot's feelings or attitudes towward the Micro-ftsioin;display to
they received move Information about the display and mor e3srience' iWaiz
it#



Results

Figure 1 shows the mean profiles for all five pilot. on all three
semantic differentials (pi!.-brief1ing, poet-orientation, and post-test).
It is apparent that there was Little chaas in the profiles along the
negative -positive dimnsion as the investit4.on vr~peused.

Mr. Gainer points out three possible lti~teirtAtions at such a
resulto These are as follows

1. The pilots confirmed their in~tial attitudes.
2. The VU9t, were hesitant to eAmnon thelz' initial attitudes.
3, The Isystem "(Zicro-vision DisplsW) peformed as they tbou~att

it would.

Since there were only five subjects used in'this Jnvestigation,
this result must be interlwoted with caution.. . Stae the men Orottlae
represent the average of, all five pilots, owe V~let Is data a"~l aem-
ceivrably distort the *nman profiles". In thise Lovestigption,0 tbavse
pilots were fairly consistent in shoving a 'positive shi~ft" VUUl the
two reaining pilots were fairly conaistent in shoving a "nasgtive
shift", The individual prof iles for each subject are shown in Pigurea
2 through 6. When the five profiles ore "avoraged" the result is Ann
profiles that show little change. The incossistancy,, the 3-2. split I~n
attitude, suggests that a larger sample of pilits is'needed to better
estimate the attitude of the pilot populAtiou. No suchesatimate canl
be made from this series,:of differentials.

Further, using such a device as the. semantic aifferenti~l reqauites
that the subjects *evaluate" the system under uniform condition*, tIat
16'0 all subjects should *Yve the same or &*rozlmately the snow ea'pewoince*
with the system. In this Investigation, tbse pilot, flew spycoch -*Ofiles
uasing the system while several factors veried (runway used, niaber or-
tunctionai. beacons, and weather or wind conditions), Thus, the pilots
tatually "evaluated" different systems depeading upon the conditions.
-.prevailing during their biarticular flights. This would contribute to
the variance in the individual profiles on the differential. If It Is
desired to evaluate the system under a larg variety of conditioni,..
MWy more observations (1.e, more subjocts) are needed to obtain stable
estimates for the parameters of interest (pilot-perfmowune ant pilot-
Ifeference).

2



A thirty-eighlt item questionnaire was constructed to elieit 10dr-
nation concerning the manner in vhich the pilots vied the display' &M
their ideas tar improving the di~splay. The qnset.omaLire vas divided
into three partes 1a I, etions pertainit* to the first putart othe
approach profil ±1(rm the outer mrker to the imtIe wkar). Ii,,
q~MubIaw pertaining to tiw second part of the appwAh prorlis (fros
the middle marsr to the treakoff point frow sai~r-v~ikon to fttsidi
TA) ani in, questione at a general vatweo ceOetnlival sqrovuist
that .ii be nade in the display systeam, the valua;e ohantattstt9
ot the lisplay system wAi the shortcomings of the d~spWs systeg. =
questionnaire boas bee* dvalicated in the AVgexdix ale04 with the re-
spooses of the pilots*

The pilots found that the micro-vissiAL&U sipays1 temu moamt
valvableadurtns the s~cmi half ot the &:19,6%eh prot n that its

mot eb.ale Characteristic us its Uqe m as & oca.Ow for. lining
up 4 '~the .runway. (as . pestiona, 1 and 6., part I5 j 4niotios, it

IX; quaestions 20 wan 23, part Ml).

Apprently,. the pilots felt that tbq 4i"2W~s7stem, LA titspresentý
stop ct deve lopwt vas no better than vetae su~atly operatioml "apoach
to 1ando, S-stems (sea question 22, part =~)* Wei uas indioateA by the

ai 'VJons" placed on the use at the di~lay by the pilots.

The first six qvestions of psrt 1 indlieicted w at editiom the
Pilots thoitot would 1"irov the "I"gl~ spwtem. 4desticos la, part~l
Indicated that practice vsing the Aisploq syets* AM4 tinftmew Ii i piuol
confidence in it.

In order to determins the pilot's attitude touwil the Micio-vision
display system and to elicit comueta omerwning the valuable character-
iptics and shortcomilngs of the display 0'40040 In ite preseant ata&& ofr. eslopsent,, two techniques wfre '4awt ;~usi)~f~uta us
UNAd to indioate any Obangs in atiiittU ~MI4the 1jlar daring" the"
progress of the investi~gation,, as the pl~ot subject& obtained awre b-
m~tion about the system anid more experieoe using Iit, Also., a thIrty-
eighit item questionnaire was constructed *to determine how pilots used
the display system and to elicit cinnats that VouA provide infQrw±oa
that would facilitate 8improve~msntU of the display system.

3



fte results of the Semantic Differential indicated that a !srPr
saile of pilots is needed to adequately estimate the "attitude" of the
pilot population.

Tbe questionnaire data indicated that pilots felt that the dtqlky
system us most valuable during the last part of an apoach to lamu
profile (from the middle marker to the breakaff point from micro.41idiin
to outside ViR), and that the most valuable eharacteristic of the als-
play system vas its use as a localizer. Althomgh, the pilots -f.lt thats
the system, in its present stage of develolent, was no better tbhn

currently operational wapproabh to laud" stemse tho, fact that they
were able to use the system to obtain infoamail for "flying the
approach profile" and that tboy indicated 4ame'additions that wou1ld
iu•ove the performance of the system suggests that the micro-vlsion
display system does bare possibilities.
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FINAL QUISCIEAR

Now that you have comleted all of the flights for this investigation
Vs vent you to ansver the following questions. Answer every questions

I. The first goup of questions concern the first part at your Oappfolh",
from the outer marker to the middle' rker,

7w so

1. Was the display an aid :in checking your aliment on

centerline?

2. Could you estimate your altitude from the 41spla?:W

3, Were you able to estimate "distance to go" from the 7
display?

~.Was -the image on the display stable enough? __

5.Could you estimate your appoach angle from the displayW

6. What about the display was most useful to you durring the
first part of your approach?

1. Parallel lights (for aigint with runwy)
2. Use as a localizer
3. Aid in 'ining up with runvey
4. Position aircraft on line vith te ruMMy
5, lot useful during first port of approa•w

I T l next group at questl$oa concern the last tart , I* Your ;aL e,
from the mi4dle marker to the breakoff plat, from scro-ýision to
vn.

1, Was@ the display an add to holding centerline?

2, Were you able to estimate your altitude from the display? 3_ 2

3. Could you estimate-your approach eangle from the 81531.)? Y

~,Could youi estimstwe your airspeed from the display?o

12.



•. Were you able to estimate your rate of descent from the -

6. Did the display provide cues for deterlt'ng

Pitch?

Yaw? --- Tu

7. Could you estimate rate of closure with the runny Y
from the display?

M. The following group of questions are ot general interest concerning

,the display.

1, VOuld the addition of more runway beacons significantly
Improve the display?

2. Would the addition of approach beacons iaprove the -

display?

3. Would you like a horizon reference on the displayt ?

b,. Would a touchdown point on the display improve it?

5*Would the addition of t gliOe slope reference Ingrove T _ _

the display?

6. List any other improvements you se tat might be mdet?

1. ange. Information
2. Pace display an w•iscreen, - se display it S,
3. Center li0t on awvýsach end aT rummy

* 5. 3eaomsol perpendicular to augoscb end of ruwmmy toe
''indicating position relstivW..to centerlins.

7. Could you easily see the display at all times duing yo•r

13
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-8. ase it easy to iiiterpret the inforgatioU Sifeta OmDb" •~ispl1wyt

9. ýid you like the pos~tion of the dispW ayn tkii 96it

10. ýIore yoUi able to Ilicurpoo~te the displIay into your nor"3. l
cross-hecak pattern easily?

.1. What instrment iid you most often cross-aheck ýlith the
display?

1. Hsi
2. HS1
3. Heading
4. Airspeed
5. Airspeed

32. Did you -look at the display as often as you look outside
during a normal VIR approach?

133 Did practice using the display increase your confidence i ,
in it?

14. Was the display adequately explained to you before You
used itt

15. Did &an function of the display surprisC -- ue yi

16, bid you have adequate practice using the disay

17. After practice did you have to vomk as hard to apppomeb
as when on outside V.R7

Harder? " . -

18. Did the equipment operate as you .ere tolA it vosA, -

19. could moot pilots adapt esi o'
dlislayt



20. . Wore, or at wat point ofyotir approach was the .d4idjg 1 mi0t vd1uable?
1. Outer mrbsr to aiddle marker
2. last 300 feet of altitude
3. Ding lest stages at approach

1. Mnageable rate of chua
2. Best use as locallser wIth leos .c teck ob keading
3. It functioned a I •ectW and ma saaet to Pret

ze Iformation 'huake onto and "Ms S1 iintnpevt
5 ufficient " ad clear e.ev* to tell' PWuib "rit, Ste.

21. OoeU ypusuggew st a better Vio arWgo.~.b U6r I~b n this
IaMoMtgatiot ? 3Tiplain. .

1. No
2, Yes, center It (W UP•.)
3. Yes$ project it an ulilscz'een

I.Yes., place 981 av& -vertical. 4elocittjis W.at M voin 4muton
Yes

A/d JSADI Alt

MV HSI R/C

22. What &.mitations, if any, would you place on the use of t•a 6splW
1. Should not be used for low aproach until " 1'rwm.ed
2. Do not reeeiond it be used for landing OW N 0 then

115 or in strong •rosewinda.
would not fly without Other amwsoa system
Useas tr ition aid In aaobe fro " to
M T.D. 's. 7 q

5. 300' 1Idle

93. hat were the most valuable characteristics of the
1. The. divergn characteristic at. the timbs car
2. Rumamy a-31 nt the last 1/A mile..Runway, alipment

Fina sw*1aprach from Idoams toem28



2i.. VhaVa other use might be mad. of this sa

2, Don't knov

, Use for approach to small, field and at gt
5'Possibly establish and poibsaut glide aloaii

25, twat vas the major difficulty you encountered using th ' osy• mtn?
1. 8hakin of dots
2. Over correcting -- very poor altitude vu. "anesr& conki4
3. Hitting the runnay

i Altitude determination as I approasched ~d of runwny wd
conftuion over runny presentation afte over ,T.D.'

5, Trying to estimate '-shift correction needed .id vewtical
descent to establish.

r I
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SubJert: Wcrkstatament fcr Scale Factors for Moving Upe Instruments

Introdu.tl*mn

It ip oflen the case that flight demands require aircraft instru-
mncts to be installed before experimental evidence can confirm the
selection of certain design parameters. (i.e. size of graduation
marks, spac¢ing of numbered units, etc.) Past research on instrument
design has yielded a wealth of information concerning the effect of
physical d.sign variables on the reading of instruments. Readers are
herein referred to 8, 12, and 28 for excellent summaries of work done
in this .eea. As evidenced, the research has been confined to studies
on circular instruments. Time and flight requirements however, have
necessitated generalizations of results of these studies (from circular
instruments) tu vertival instruments without the endorsement of experi-
mental evidP,,n_ o.

Since the favorable results of the USAF Vertical Instrument
Program (2), more consideration has been given to development of
vertical displays with moving tapes. Research in this realm, however,
has been confined to analytical or experimental work (on vertical dis-
plays) for specific flight parameters, such as altitude, or mach.
(see 7, 9, 0, 11• 21, 22, 2 2 27) In the search for more efficientmeans ofd • i.ying-nformaon in i'fgh performance aircraft, increas-
ing uee has been made of verti':al instruments; yet little experimental
work has been done. on Identifying those scale variables that effect speed
and aznur%.,y of r--ding moving tape instruments. Work of this nature,
in addition to simlifying pilots2 task of interpreting information,
would facilitate the screening of preliminary display designs for verti-
cal instruments.



It Is the, pupose of this paper to outline an experimental each
of identifying t•.ose scale ebhseteristics that contribute to reading
speed and accuracy. Mr. Charles A. Gainer of Wbztin Ruan Engineering
Group initiated direction of the proposed study an scale factors. Kim
analytical works an scaling -,C vertical diprlays can be fO•d In Oartin
Memoranda RUmbers 36, 101o and 155 (ref. 1o0 2p • and 11 respectvey).

Statement of the Problem

In order to secure data on e-Ale charaeteristles that will provide
known degrees of reading ac,.aracy, it is prupsed to conduct a study
on scale factors -- defined as size of the interval between numbered
units -- for moving tape inatrmentso The study will be carried out
in two phases; (a) Static Legibility Investigation. and (b) Dynamic
Tracking Situation* Details of Phase B will be specified at a later
date since they will be dlrected by the results of Phase A.

The purpose of Phase A will ba to identify those sce. character-
istics that contribute the. grtatest -- either singly,, or in combination --
to scale resolution (legibility)o Resolution will be determined by
amount of error ocaurring -error being the absolute magnitude of
deviation of a subject~s r"ading from the "true" reading. More will
be said of this measure further in the memc.

Typically aircraft instrlumnts are read by 10., 100 or 1000. For
example, the aircraft heading is numbered 3, 6, 1. 12, etc.•, when in
fact it is read as 30, 60, B, '120, etc. The altimeter is numbered 1,
2, 3, 4p etc., and actially is read I00, 2000, 3000, 4000, etc0  There-
fore, provisions have been made to give prime consideration to the effect
of scale factors on the accuracy to which the scales can be read by 10,
100, or 1000. For the purpose of this experiment, these will be labelled
powers of 10; 101, 10*2, and 103.

it is expected that results frm the static legibility investi-
gation will yield curve infomation of reading error vs.o scale length
depicting an increase in error assmiated with increasingly smealler
scale factors. At the other end of the Continuum, if the scale
factor is large enough so t1at woly one number could be seen' it is
expected that errors would again increase because of lack of "direc-
tionalr cues to the reader. This latter expectation, however, will
not be investigated in the present study. Thus. given a specified
error tolerance, the scale faetv that Is mbest", or stated in another
manner, the scale factor (of those under investigation) that results
in the greatest resolution cr least error, can be selected directly
from the curve.
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Figure 1. Note that hte curve on the right is the reciprocal of the
cturve on the left. Results of the study will be expressed
in one of these forms.

W. F. Grether (D) reports essentially the same type of curve infor-
mation, although his results were a function of dial diameter, along with
spacing of scale divisions. The expectation that expansion of a scale
tends to improve performance is given further credence by results of the
following studies (, 21 22, _ 24). On examining their reported per.
formance differences on circular displays vs. vertical displays, those
displays -- whether circular or 'vertical -- having the greater scale
factor, resulted in better performance scores.

After delineation of the scale variables that contribute the great-
est to resolution, it would be operationally valuable to test them in
a dynamic tracking situation -- Phase B. In this phase, moving tapes
instead of static pictures of scales, will be used. Rates of tape move-
ment will be specified at a later date. Using the same variables as in
Phase A, the information derived from Phase B will presumably allow con-

Sstruction of two additional curves; reading error vs. rate of tape move-
ment, and reading error vs. scale length.

This first curve should show an increase in errors as the tape
movement becomes more rapid, so as to eventually cause "running together",
or blurring of the numbers.

The second curve resulting from Phase B would not be separate and
distinct from the reading error vs. scale length curve in the static
study. Rather, it should yield data comparable with this latter curve,
provided the following assumptions are borne out; (1) results from
Phase A conform to previously established expectations, (2) addition
of rate of tape movement variable does not change the main effects and
interactions of the experimental variables reported in Phase A.

3



From the static and dynami? studies, the ingredients necessary to
fulfill the prupose of the scale factors program will have been esta-
blished. Given a specified numerical range to be covered and the read-
ing accuracy required in the use of the instrument, it would now be
possible to specify, with a known statistical probability, the degree
of accuracy that can be achieved with a given scale factor and also a
given rate of tape movement.

Readers may wonder at this point why it is necessary to do a static
display study first, rather than incorporating the program into one
dynamic experiment. Several considerations entered in the decision to
utilize two phases. In a resear~h program, such as this, it is important
to assess the relative effects of the scale variables to get a base line
measure of their contributious. Incorporating a movement variable in
the same study would serve to confound the effects of the scale variables.
It would demand inclusion of other variabler to consider, such as motor
skill, type of control stink to use, etatý such that isolation of the
effects of the scale varial'Us wouil be difficult. Secondly, since the
static study will allow us to isolate the variables considered to be
important, ye will be in th. position to detArmir~e the effects of these
variables and their interactiors. It may be that scale factors, assumed
in this experiment to be a major contributor to scale reading accuracy,
turns out to have a minimal effect. Although there Us a small possibility
of such an occurrence, there has been far too little research done on the
contributions of various merkIngs enhancing readability of vertical scales,
to warrant an inclusive dynamic, tudy. Finally, overall cost of the pro-
gram can be kept down. The jreposed static study requires simple and
inexpensive equiptent. But more important, any changes needed to con-
tinue the study, due to results fron the static investigation, can be
done without retrofit of elaiprn, cr repeating the entire experiment.

The reminder of this paper will be devoted to detailing the experi-
ment for Phase A -- Static legibility lInvestigationo A memo specifying
experimental design for Phase B will appear la+nr.

Variables under Investigation -- Phase A

Scale reading is affeoted by so many display, environmental, and
reader characteristics that it wr.uld be difficult to study all but a
few of those related to the experimental task. Below are listed the
independent variables.expe-ted t%, cntrtbut, sigrnfriantly to legi-
bility of straight scale instrum- t-t



(.) Scale Factors -- Defined as sits of the interval between numbered units.

The three experimental interval sizes will be 1-3/8 inches, 1-7/8
inches, and 2-3/8 inches. Using these values, the maxSidum number of
numbered units shoving at any scale position (read line is fized) will
be 5, and the minimum number, 2. More than 5 numbers viewed on the
scale would tend to clutter the display. Fewer than 2 numbers would
hinder anchoring of the read line setting, so that readers would have
difficulty in determining either direction or progression of the scale
numbering system.

loucks (20) and Grether (1) studied to some extent, the spacing
of numbered divisions on circulzr' instruments. Although these studies
differed In purpose and experimental design, they concurred that closely
spaced marks tends to reduce reading accuracy. Of particular interest
are Orether's specifications in fractions of an inch for sWaing of
mrks and the corresponding reading accuracy obtained. Hopefully, this
study will result in quantitative specifications for straigbS scales.

(2) -Number of Graduation Marks -- Graduation marks defined& here as minor
unit marks between the scale factors.

Accuracy of scale reading is also a function of the graduation saheme
employed. Xxperimental conditions for this variable will be one, three,
four, nine, and Nno" graduation marks. The first four conditions are
consistent with "preferred" graduation schemes, (I) and represent the
ranges of minimum and maximun graduation aids currently In use. The
last condition -- "no" marks -- will help to determine the relative
Importance of graduation aids, and will point up subjects' character-
istic ways of interpolating between numbered units.

(3) Powers of 10 -- As used in this study, powers of 10 will refer to
the factor of 10 by which the scales will be read.

The three experimental conditions (or attitudes) by which subjects
i read the scales are by (x) 10, (x) 100, and (x) 100. Numberof

digits for all numbered units will be constant. at 2.

To illustrate, let us supose the read line Is positioned exactly
midway between 37 and 38. Those subjects reading a scale x 10 would
read 375; x 100, the read line value is 3,750; and x 000, read line
value is 37,500. This attitude of reading is no different fron scale
reading demands of current instruments. For example, the altitude scale
is read x 1000, airspeed is read x 100, and the heading indicator is x 10.
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(4) Orientation -- Reftre t-,- th h In whimh the seates will be
presented.

The 2 conditions here will be vtrtitl., amd h-iz=intal. Up to
this point., experimental conditicms hve been desribed in reference
to vertical scales. Scm hcizntal ezsms have b*en incomporated In
experimental aircraft aa , mtci -t dtA±;ying irfoDmti=.
Inciusion of this vaaiabls fcrýr£ tiglM•n Wi3:U Vnmit a direct am-
parison with vertical al."ts *: th• legil-ility and accurscy that can be
achieved with such e~sol.

The manner in nb•h the;• f• ,%u-fet • es will be
studied is described urgier Deite. Plgo

Stimulus materials v-111 b!, ;tz~ y ai týhisteecope equipped
with a sliding carriWg with tb -, t -. z,: 1 52 slides. Rates
of exposure and intervals ,tw~ n e eree wIV be autcatically con-
trolled by two electric timao f,--Ae e exposure fields will
be a hcmogneous white screen Z(o5 L-hoes high emd 22o5 inches wide.
Brightness of both fielia r-r- L z! c,=•stant m vil' the baclground
illumination.

Tachistoscope azA scr•*: w'. 1! mcmtt4 c:2 s tabli. An adjust-
able chair will be V 1.-ead f ý sub te 1 amd azo f= the experimenter.
A control button with a lead wivrl t:' the tazhistascope will be mounted
on the edge of the ta'le in frzt ,of the sub•ects within easy access.
Upon determining a reading , wvl:: dss the button which will
automate the electric timrs that W-rad t o catral stimulus exposures
at appropriate interva-Iso ThLs is dI-;:a=Lbed frather under Procedures.

Stimulus Katerials

Thirty tape sepments, ek:-h 7r x 1", w.ll b5 c=,structed4 one fcr
each of the grsauation &tLAk Iditi 7 P, - factet in each orienta-
tion. ("a fi'0-es 2 amd 3) • dstan featuras oa the tapes will
be the numbered unit marks., and marks, the dimension of vhich
are specified further in the mem,'o

So that additional ta•, e•it wil n^-t h&-" t: be constructed,
the numbers will be .rinat. cz :2Lr a trdi. i-/2' x 1/•s. The
strips will be hung frcm pira tIAt s * t. 0 lc4% m enah eide of the tape
at the positions requiz-,d at,':6iz g t,,tha# ==,brod unit marks. Ninety-
two plastic strips will be weed.. fx tbhe vertical tapes to represent
consecutively the nmibers 9 through IM. Yom the hwizontal tapes also,
9 stripe will be needed giving a t.:l of 184 ;Iastic strips.

6
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Two black instrument cases with the permanent read line drawn on
the glass window In the proper orientation, will be properly aligned
and fastened over each tape segment in turn. Dimensions of the cases
will be such as to allow the viewing of a 6" x 1" tape.

Individual pictures for each read line setting will be taken, and
slides made from the negatives, which will consequently project black
markings on a white background. To eliminate "shuffling around" of
the slides during the testing period, two or three slides will be =ade
of each read line setting, for a total of 150 slides.

In order to insure accuracy of read line settings, drawings of the
scales will be tripled in size so that the tape segments will actually
be 21" x 3". Pictures to be taken will then be photographically reduced
such that projection size of the tapes will be 7" x 1" at a 28" viewing
distance.

The specifications for scale markings given below are in reference
to a 7" x 1" tape segment.

Specifications for Scale Markings (see Figure 1)

1. Digits will be located in the center of the tapes, progressing
ing low to high from left to right on the horizontal scales,
and from bottom to top on tie vertical scale.

2. Recommended numeral style is NIISPBC (?I) (MS 33558 ASN)

3. Height of the digits will be .25 inches.

.. Combined width of the digits is not to exceed .40 inches ex-
eapt - for 1-3/8" horizontal scale with 9 graduation marks
digit width is not to exceed 0.25". Height of digits in
this latter case will be in the same width - height ratio
as used for the other numbers.

Graduation Marks

1. Graduation marks will be located in the center of the tapes in
a horizontal orientation for vertical tapes, and in a vertical
orientation for horizontal tapes.

2. They will be equall• spaced throughout a particular scale
factor, although size of the spaces will be different across
graduation mark conditions.

9
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3. Length of the graduation marks will be .25 inches, except for
the middle mark when 3 or 9 graduation marks are used. The
middle graduation mark will be emphasized in length -- .50
inches -- to enhance readability of the scales.

Numbered Unit Marks

1. Numbered unit marks will be located on each side of the digits
and will be slightly wider than the one stroke width graduation
marks -- again to enhance readability.

2. On vertical scales, they will be perpendicular to the digits and
centered according to height of the digits. On horizontal scales
they will be perpendicular to the digits and centered according
to the combined width of the digits.

3. Numbered unit marks will extend from the edge of the tapes

to a length of .25 inches on each side of the digits.

Read line indicator will be one stroke width.

Subjects

Since there are reportedly no differences between naive and
experienced subjects for this type of task, (6) it would be more
peactical to secure naive subjects. It is currently planned to use
150 male ROTC students with 20/20 vision -- corrected or uncorrected.
Subjects will be secured from the local colleges.

Experimental Design

Partial Hierarchical -- Fifteen groups of 10 subjects each will
be used. Each group will represent one of the 15 possible combinations
of raduation marks (N) and scale reading conditions (P). Thus:

11



Number of Grad. Marks Scale Read X

Group 1 N1 P1  1 10

Group 2 X1 P2  1 100

Group 3 MlP3  1 1000
Group 4 M3P1  3 10
Group 5 M3P2  3 100
Group 6 mP 3 1000

3P3
Group 7 MN1P1  10
Group 8 MNP2 4 100
Group 9 M411 J i000
Group 10 NM9P 9 10
Group 11 M9P2 9 100

Group 12 MqP 3  9 1000
Group 13 o0Pj 0 10
Group 14 VOP2 0 100
Group 15 XOP3  0 1000

AUl subjects within all groups will receive in combination, all
other treatments, namely the three scale factor (8) conditions; 8 1
1-3/8",'92 $-7/8", 3 2-3/8", within each orientation -- vertical
(O )and horizontal (0).

Time .and error scores will be made on all readings for each subject.
Reaction tine is defined as the time elapsed from the exposure of a scale,
to subject's depressing the button. Error is defined as any deviation of
a subject's verbalized reading from the "true" reading, and (after a sub-
ject completes the task) will be expressed as the absolute magnitude of
this deviation. During the test trials, exerimenter will ouly record
,subject's verbalized readlng and reaction time.

Both time scores and error scores will be subjected to analysis of
variance. In terms of main effects, the interest is in determining if
there are significant performance differences among the scale factors,
uradvatiqn marks, scale orientation, and factors of 10. The analysis
used will also provide information as to the significance of the inter-
agtigns. Subjects scores will be treated..to assess the relative effects
o$ differences across groups.
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Owehe vill be 4rawn up depicting frequency sad peroentesP Of erW
pInset scale factors and coersponding design features. Reaction timas

will ilso be plotted against the scale variables.

AnaJysis of variance summmy table, and model at the ezerl ntal.

disin app. below.

Model

AD CD 8/0
A Scale Factor
3 Crientatiam
C Graduat gon 11ars
D Factor of 10
S8Subjects

c-i
CD83 -i 2

C xD c-i (a-i) 8
a/cD a-i (cv)28
A (3) -i 2

AzC ,.AxD '-1 .D-1 8
A~~~~ iSCDAi CD)57

A x D -1.i 16

Sxcxik {-3.c-4. D-3.) 3.

3 (2). 11-i
A x A -i )-1 2

S X C 3-i C-i
B xD 3 -i - 2

A x~ B fi 3-I P-i)

B x S/CD 3-i 8-3. CD) 285
A x 3 xS/CD -1 11-i a-i )() 570
AxBYCxD I 31-1 C-i)(D-1) 16
Ax xCxDi.S 90x20 (1800-1)

Total Domees of reedas 1799
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!ne tests for significance of the mm effects and the interactions
are acc�Ushed by the term that represents the interaction of that effect
with subjects. icr eza.ple:

A/A sjcD

3/� sci, �/A3 sjcD

�/A 5�t7D AC/A j� *�

ioced'we

Subjects will be randcm3.y assigned to one of the 15 poups * Standard..
tied ineta'uctions will b� given to all subjects cm general procedures and
o3eratiom of the equipent. Additicial instructions, standardised within
pomp., will point out particular features of the scales, ineinding the
padiatiom schem and 10'. factor by which the scale is to be read.

Subjects will be told to read the scales as accurately as possible.
Accuracy will be streesed since it is essential to determine the depee
o� accuracy t which the different scales can be read. �o ease the
istezolation task, subjects will be permitted to view the scales for
as long 55 it takes them to determine the read line setting. Yhis is
in s.pco&'dance with netural dial reading situations.

laowledp of results will be given after each practice trial, (but
t ette� the test trials) and subjects will be invited to re -mmmi

any readings that are missed. A five minute rest period will be provided
between practice and test trials �o answer any qmistions about the task.

lash subject will sake 150 readings, equally divided among the six
scales in his pomp. Read line settings were chosen to sample nine differ-
ent arass within a� interval, and to systmtically represent the tape
rangins from ll to 99. Reed line settings involving the zero digit were
intsutioiml3.y �tted because of reported contusion of interpolation
associated with this digit (ref. 18).

m the 511 settings listed, each of 11� settings will be presented
tbW� tim. during the test trials to ineiwe stability of subject re-
sp.e. icr practice 4�rials, the ramming 32 settings will be pre-
senaed twi@9. It is ass�ind that subject. will have learned the task
witla5zn the � practice trials, however, this is subject to pre-
e�sz'immtal verification.
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"Read Line Bettings

Vertical Orientation

314.7415 (P)* 21.71415 JP) 98-71415(P)93.,5Q8 (P) 44.5681: 37,,501(1P)
86.1573 62•.1573 71.1573
22.2327 85.2327 13.23274.7.824 77.824 89.82U
65.986 .38.9856 5)1.9856
51.3939 99.3939 66.3939
78-.1768 16.4768 25.A768
19.6192 53.6192 42.6192

Horizontal Orientation

11;7415 ()63.71415 ()83.-7)115 (P
69.5681l P1 27.5681 P1 714.5681 V1
28.1573 94.1573 49.1573
92.2327 56.2327 68.232757.824 35.824 15.82"
43.9856 81.9856 97.9856

76.3939 32.3939 31.3939
8-.4768 48.4768 52.4768

I&.1s 79.6192 26.6192

Scale@ wil be presented in alternating series based on orientation,
i.e., in sets of 6 vertical, 6 horiyontal, etc., for the precice t-lals,
and in sets of 21 for the test trials. This breaking up of the task
should help reduce monotony and fatigue effects for the subjects. S
saeris wil be counterbalanced within groups such that 5 subjects In a
ao iill start with a V series, then 1. Mh other 5 will start with
an I series, followed by a V series. Order of presentation within a
ser•• will be randomed to eliminate systeintic effects of scale
factors, orientation, or read line setting. Two five-minute rest --

periods - One after each group of I42 readings,will be provided.

Mh eopirient, WLll be conducted In the following menr . A sub-
ject will be seated in an adjustable oha' at a 28 inch viedwng distance
from a- oj.ction screen. The experimenter will describe the task and
dIn-trate operation of the equipment. Between scale eqposnme, sub-
jects winl fizate an the croeaheirs projected on the center of the

15



screem. !is is necessary to epsubjects variationse in ss movements
to a ula-aim. Christensen 1 ) reports significant effects an results ..
both queatitatively awnd qul~ively -- with small. chase in directed
point of fization. Upon scale exposmre,, the read lins indicator will,
appear in the same location "s the crosmebirs.

heam the subject Is ready., the experimenter will slide a scale in
place and an electric timer will automatically. start. The subject will
press a button on determination of a reading, and simultaneousl.y call
out his answer. Activation of this button will renve the scale fro
the screen thus stapping the electric timr, and will start up another
electric timr which will run for a specified and adequate ties Inter-
valp during which the experimenter will record subject's answer and
response-tins on a prepared fcru. At the termination of this constant
tim interval, another scale will be autoamtically exposed and the pro-
cedwe will be repeated. Controlling the tim Interval from the end at
an exposure to the beginning of the next will help to standardize and
facilitate experimental procedures. Subjects, will. be inforned of the
Controlled ties Interval and thus be prepaed, for asch reading. Bti-
mated total tim for each subject is 50 minutes.

eined Time Table of Waents - Phase A

1. Workstatement by Sept. 20, 1962
2. Dinipiment Fabrication copleted Oct. 31., 1962
3. Ne-experimental ru~ns begin NOT- 3j, 1962
h*I. Epimntal runs begin Nov. 10,, 1962
5. Rsperinental runs comleted J=n. 1., 1963
6. tata, reduction by Jan. 21., 19b3
7. Data. analysis competed Feb. I, 196
8. Wite-up begins Dec. 15s, 1962
9.- Wite-up completed Feb. 28,, 1963

Written b
Barbsra Jo Keleo

C. A. Gainer
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AIR FORCE C(OMROL-DISPIAY IW1IGRATIOK PROGAM

Martin Human Engineering Group
A? 33(657)-8 06

Memorandum Report No. 62-10 28 September 1962

To: Capt. White (ASTFF), Capt. Harley (ASTFC) and Lt. J. Hall (ASEAC8-1)

Frum: C. A. Gainer

Subject: Summary of the Results of the Questionnaire Used During
the Inflight Evaluation of the Pilot Orientation Instrument
(Lifesaver).

Objective and Summary

The flight test was accomplished to determine if the Lifesaver instru-
ment was effective in providing adequate information to asasme a wings
level - 180 degree heading. The test was performed in both jet and cargo
aircraft and each test was conducted in as similar a manner as possible.
There were maneuvers that were unique to each aircraft but the same ques-
tionnaire with minor adjustments was used in both situations. Thus, the
following report includes the results from both aircraft types.

There were 28 pilots used -- fourteen for each aircraft type.

The results tended to imply a favorable outlook toward the instru-
ment but that it would need some minor alterations. It seems that the
more experience the pilots received with the instrument the more favor-
able their outlook. Certain limitations of the instrument became apparent
as was demonstrated in the vertical roll maneuver, but, in general, recoveries
from extreme attitudes could be made. It must be remembered that none of
the above conclusions should be taken without reading in detail the results
of the questionnaire.

Introduction

The questionnaire used to measure the pilot subjects' evalustioms of
the Lifesaver was organized into six parts. Part I was a seven step rat-
iug scale on a like-dislike continuum; subjects were asked to indicate their
degree of liking or disliking the instrument during each of the maneuvers



they were asked to perform. Part IV allowed the pilot more freedom of
expEussion than Part TI; it contained questions of a general mature de-
signed to elicit specific comments about the display. Pre and post-
flight "semantic differentialsm were Parts I and VI respectively. A
brief statement from Martin Memorandum Report 61-23 which describes in
detail the development and use of the semantic differential will clarify
its meaning.

"By definition the semantic differential is a combination of word
association and scaling techniques designed to pull out inherent
feelings. In this case an instrument is rated on a seven point
scale bounded by polar adjectives, e.g., safe-risky, sensitive-
sluggish, etc. The seven part scale is qualified by adverbs; the
greater the intensity of feeling. the more extreme the displace-
ment towards one or the other polar terms. This instrument was
rated pre-flight and post-flight so that a semantic profile of
the attitude can be established before flight and then compa'ed
to the attitude after flight. By computing Do ("he generaliged
distance function in n-dimensional space) the geometric relation-
ship between concept or meaning may be formed."

,,frts MII and V were the split-ballot questionnaire which is a technique
*hose development and rationale are described in Martin Memorandum Report
61-21. The split-ballot questionnaire consists of a series of questions
which pertain directly to various components of the display. Half of the
questions are designed to elicit a "positive set" -- ' they are what Is
commonly known as "loadedu and are worded in such a way as to influence
the pilot to comment positively about the display in question unless his
opinion is strong enough to cause him to resist the influence of the ques-
tion and answer in a contrary manner. The "positive set" is complemented
by a "negative seto which tends to elicit negative coments about the
instrument being evaluated unless the pilot has a strong positive feeling.
A typical'split-ballot couplet might consist of one question which asked
if the instrument should be adopted and a second part which asked if it
should be discarded. Identical responses to both quedtions, i.e. both
"yesses" or both "nos" are interpreted as indicating contradictory or
inconsistent feelings or a lack of strong feelings towards the instrument.
The advantage of the technique is that it allows one to determine which
opinions are strong. W*ch effort is being exerted to increase the validity
of the inferences about the significance of identical responses to both
questions in a split-ballot couplet by attempting to create nOW question
pairs and redesign ones already used so that they are perfectly matched
"positive" and "negative set" in that questions about the same aspect of
the display will be worded so that they exert the same amount of influence
over the subject to answer in a particular manner.
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The evaluation of the Lifesaver vhich wlll soon be surzed ws
made by pilots whose current status are that of hiLly qualified Alr
Force pilot*. Fourteen of the pilots had jet fighter background and
fourteen had multi-engine cargo background. The primry duty of the
subjects was either Fighter Test Operation or Carpo Test Operation.
All subjects seemed to be cooperative and quite motivated.

Biamaries of the results of the pilot evaluation of the Lifesaver
will be described in terms of the parts enumerated above which wll In
turn have subsections on the questionnaire results of the Cargop, Fighter
and Cargo and Fighter groups combined.

Method

Bach subject was given a very general briefing about the, exper•ental
instrument and was then requested to rate this concept (Part I). 3e flew
the instrument in the aircraft appropriate to his specialty. At the con-
elusion of his flight he filled out the questionnaire In the order of the
nimbered Farts II-YI.

Subjects

The pilots who participated in this study were highly qualified Air
Force pilots on current status. They were from two pilot types. The
first 14 had jet fighter background, and 1 had multi-engine cargo back-
ground. AU pilots were .assigned as primary duty to either the Fighter
Test Operation or Cargo Test Operations. All subjects were observed to
be cooperative and quite motivated.

Task

Two profiles were used one for cargo and one for fighter. These
were as similar as possible, but it is obvious tkat they could not be,
the same. These profiles are specified below:

Test Profiles

The following maneuvers for cargo aircraft, vere used in order and
and the headings and banks listed were the conditions.

Heading 270 degrees straight and level
Heading 360 degrees nose low
Reading 180 degrees 45 degrees right bank
Reading 270 degrees nose up
Heading 160 degrees beak 45 degrees left
Heading 135 degrees nose high
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Heading 225 degrees nose low
goading 135 banked 45 derees extremly nose high
Reading 335 degrees slightly nose low
Heading 45 degrees slightly nose high
Check level turns
Heading 180 degrees check wg
Heading 180 degrees check accel and deccel

The profile used for the jet aircraft is as follow: The takeover
also occurred in the listed points.

Reading 270 degrees wings level
Heading 45 degrees inverted nose high
Heading 355 degrees inverted nose low
Reading 180 degrees 90 degree right bank nose high
Reading 160 degrees 90 degree left bank
Heading 360 degrees with nose low
Heading 225 degrees vertical call
Reading 335 degrees inverted nose low
Heading 90 degrees wings level
spin

Smantic Differential

The semantic differential questionnaire consists of. polar adject•ve
pairs which have been selected because it is felt that they can mama
ego zed positive or negative feelings and that they represent aircraft
SyseM dimnsions which are salient to the subjects' judging the Lifesaver.
Fulflling both conditions is difficult as often those adjective pairs wdieh
have the proper degree of vagueness to elicit general positive or negative
feelings are so vague that they seem to the pilot population inapplicable
to aircraft systems. The pre-flight profile's shape expresses the pilot's
preconceptions of the Lifesaver and if the adjectives are well chosen In
terms of the requirements just stated, the shape of the post-flight rating
profile should be similar. It is felt when the shapes of these profiles
diverge it is because the adjective pairs became too system specific to
tap the overal. feelings. The pairs instead ellbit differential feelings
about different aspects of the instrument and/or the meaning of the adjec-
tives are not stable, in the minds of the subject because -they seem to
them to have no distinct relation to aircraft systems. (When the rating
positions of a profile approach the limits of the scale a situation can
arise In which adjective pairs may be well chosen but pre- and post-flight
pronles still vary in shape. At the limits of the scale the profile shape
is distorted and expected to ustraighten out" because the subject does not

'have the opportunity of more intense ratings). In short, the prisary
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consideration in interpreting semantic differential profiles is the cam-
parative shapes and positions of different profiles -- varying positions
can indicate a change of overall attitude towards an instrument, whereas
degree of similarity between shapes permits evaluation of to what degree
the adjective pairs are well chosen and changes in profile position can
actually be validly interpreted as a change of attitude.

Various figures aid in the interpretation of the general attitudes
of subjects twwards the Lifesaver. Figures 1, 2, and 5 indicate pre- and
post-flight semantic differential ratings for the Cargo subjects, the
Fighter subjects wd the Cargo and Fighter subjects combined respectively.
Figure 3 shows the pre-flight semantic differential ratings of the Cargo
and Fighter groups separately; Figure 4 offers the sam Informtion for
post-flight. Each of these Figures will be discussed qualitatively and
then quantitatively.

Figure 1, which describes the mean post- and pre-flight semantic
differential ratings of the Cargo subjectse, shows some constancy in
the shapes of the two profiles and a trend towards a more favorable
evaluation of the Lifesaver after some experience with it. The greater
constancy of the profile shapes and the consistent shift of the post-
flight ratings to a position which describes the Lifesaver more favor-
ably than the pre-flight ratings shown in Figure 2 indicates that the
adjective pairs are more general and/or more applicable to aircraft
systems in the minds of Fighter subjects. Even more similar than the
profiles in Figure 2 are those in Figure 3 which indicate that there
is a certain homogenity in the preconceptions which Fighter and Cargo
groups held about the "goodness" and "badness" of the Lifesaver. Figure 3
shows that in all cases but one, the Cargo group's profile's positions
are more favorable to the Life8aver instrument than the Fighter ,goWO.
One would expect that after identical experiences with the Lifesaver the
degree of shift in profile rating postiions would be similar for both
groups and that the changes positions of the post-fli~t profiles would
bear the same relation to each other as the original pre-flight profiles'
positions did. Figure 4 shows that this expectation is disappointed and
that there is a greater discrepancy between the post-flight positions of
the Cargo and Fighter profiles than the pre-flight positions Of the Cargo
and Fighter profiles than the preflight positions of the profiles of these
groups. Figure 4 indicates that identical flight experience did not Im-
press Fighter pilots as favorably as Cargo pilots. The particular adjec-
tives which are downrated on the Fighter profile are Interesting. It is
possible that dissatisfaction with the vertical roll maneuver while using
the Lifesaver influenced the fighter group. Probably the adjectives down-
graded by the Fighter group did not have as specific a meaning to the Cargo
as the Fighter Group since the standards of what constituted satisfactory



Neutral

1 2 3 5 6 7

1. Wcrthless Vauaable

2. Confusing _ Clear

3. Uncontrollable Manageable

4. Sluggish - Sensitive

5. Risky" Safe

6. ineffective - -I Operational

7. Crude Precise

8. Stressful Soothing

9. Limited / Versatile

10. Avkward Flexible

U1. Rough Smooth

12. Detriment - - IDrovennt

13. intricate a Simla

l140 Passive Active

15. Hsfu1 Helpful

16. Umaceptable , - Acceptable

17. Bad Good

18. Defective / Workable

19. Hind~rance Assistance

Pre-Flight

Post-Flight -------

Figure 1. The Results of the Semantic Differential
for Pre-Flight and Post-Flight Test of
Cargo Pilots
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Figure 2. The Results of the Semantic Differential for
the Pre-Flight and Post-Flight Tests of Fighter
Pilots.
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achievement of a vertical roll varied for the two grou~ps In Figure 5
it is seen that when the ratings of Cargo and Fighter groups are cam-
bined the resultant pre- and post-flight profiles show considerable
constancy of shape and a slight shift in position which indicates a
slightly more favorable feeling towards the Lifesaver after some
experience with it for subjects in both groups.

The pre- and post-flight positions of the various profiles differ-
entiated by subject population are quantitatively cosparble through the
statistical technique. Osgood suggests a measure of relationship which
takes into account both the mean discrepancies and the profile covariatiom.
It (ND") is obtained by suming the squared differences one row at a tim
to each pair of variables and finding the square root of the resulting
total. The greater the differences in position and discrepancy In shape
the higher will be the value under the radical.

Variables "M Values
Pre ZZpost-f light Cargo profiles 34
Pre- and post-flight Fighter profiles 16.6
Pre- and post-flight Cargo and Fighter comibined profiles 10.88
Poet-flight Cargo and Fighter Separtely6
Pie-f light Cargo and Fighter separately 3

Rating Scale

Figures 6 and 7 81nuaize the ratings of the Cargo wan Fighter
respectively of the instrument against the manuvers flown. Sw. scale
is arranged so that high numbers are associated with like dimension.,
It should be n~oted that the Fighter pilots had a higher rating even
though one wenevr vas badly downgraded. This low rating of the vertical
roll maneuver by Fighter shows a deficiency for this particular maneuver.
However., this one deficiency apparently did not Influence to greatly their
overall impression.

A chi-square was couiputed and as would be expected the rating of the
instrument was a function of maneuvers.* There was also a chi-square for
goodness of fit of the frequency of selection of the categories based on
an empirical curve that was derived in other instrument evaluations.* The
base curve is shown as follows:



Incomy v im: 1 2 3 i5 6 7
Unusual ... •

Position 1

steep 2
Banks

Readin~g
Change 3

Nose Hight

Nose Low ,

Disorientation 6

Overall
I.pression 7o -

Total

Figure 6. Rating Scale of the Lifesaver by Maneuver for the Cargo Pilot

RSCnw• FRM:

1 2 63 6 5 6
Unusual
Position 1 P

Roll 2

Heading-
Change 3

Vertical Roll 4_

Inverted
plight 5-

Disorientation 6

Overall
Impression

7

Total

Figure 7. Rating Scale of the Lifesaver by Maneuver for the
Fighter Pilots
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1 2 1 7
UnAslai Positions 1-

UO-Al Changes 3

Disorientation 6

Overall Xa'ession 7

Total

Figure 8. Rating of the Lifesaver by IM•Usera far both
Cargo and Fighter for those maeuvers which
yere camon to both goup

Table 1. Frequency and Associated % for the Selected

Categories when all Maneuvers are Considered

1 6 3 total

Fighter Frequencoy 7 6 5 8 8 31 33M
% :7.1J 6. 1 5.1 8.2 8.2 31.6 33.7

Frequency 5 5 5 19 12 =1 9 8
Cgo % 5.1 7.1 5.1 19.4 32.3 l1.8 9.2

Frequency 12 13 10 27 20 7

% 61 66 5.1 13.8 10.2 36.8 21.1

1 2 3 1 5 6 7

30%,

2o -

20 -

15%

1-0%-

Figure 9. This is an smerical curve that vas obtained when
aircraft instrument were rated as a frmotion of
maneuver,
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Table 1 shows the frequency of selected categories by subject group.
Table 2 and 3 are the tables used to compute the chi-square.

Table 2 - Fighter Chi-Square

1 2 3 4 5 6 7
Expected 2.4 2.9 9.3 22.0 28.1 19.5 12.0
Observed 7 6 5 8 8 31.0 33.0
Difference 4.6 3.1 4.3 14.0 20.1 11.5 21.0

X2= 80.15
df = 6

Sign .001

Table 3 - Cargo Chi-Square

1 2 3 4 5 6 7
Expected 2.4 2.9 9.3 22.0 28.1 19.5 12.0
Observed 5 7 5 19 12 41 9
Difference 2.6 4.1 4.3 3.0 16.1 21.5 3.0

Xz 43.90
df c 6

Sign .001

As can be seen the chi-square values for both grops are a significant
departure from the expected distribution.

Analysis of Split Ballot

To facilitate summarizing the results of the split ballot question-
naire a technique for describing the results of each question with a
single number has been devised. There are four possible response patterns
for a split ballot complete: negative (both questions are answered in a
manner which indicates negative feeling towards the instrument in question),
positive (both questions are answered in a manner which indicates positive
feeling towards the instrument in question), neutral (one question is answere•
in such a way as to indicate positive feeling towards the instrument whereas
its counterpart is answered in such a way that contradictory negative feel-
ing is indicated) and fourthly the residual category of "no answer" or "bot
applicable" remains. The single number which shall be used to describe the
response pattern for each couplet, which can be referred to as the F number,
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is the remaining difference when the total negative answers for a coUlet
are subtracted from the number of positive answers. The loge uDadlying
the split-ballot technique neoessitates that only the neptive and pul-
tive answers are analyzed when seeking pilots' evaluatioams of an Instru-
ment; the neutral answers are considered Indicative of weak, oontraf1etorI
or Inconsistent feeling towards the aspect of the instrument being evalUated.
When attempting to characterize a group opinion the logic behind the coua-
tation of the F number assumes that the appearance of one totally nepatlv
answer negates a corresponding totally positive answer by another subject.
A weigh" F number then is obtained only if there are few neutral responses
and if there is no balanced dichotomy between positive and neptlve answers
-- in short, it is obtained only if the majority of subjects have strong
opinions and their strong opinions are practically all in the sow direc-
tion of positive or negative. To judge if an F number can be ebaracterised
as high one must recognize that there are 14 subjects in the Cargo cohort
and 14 subjects in the Fighter cohort.

For organizational purposes it has been decided that an ? number of
8 or more shall be considered high -- that is at least 8 positive or 8
negative answers to a split-ballot couplet must remain when negative
answers are subtracted for the responses to be considered as characteris-
Ing a strong group opinion about a particular aspect of the Instrumnt
being evaluated. Let us assume that 18 persons respond positively add
10 persons negatively. The percent of positive responses is 644 while only
36% were against it. This can be assumed to be a significant percentage.
For every case where there is less than the total 28 the ratio of percent-
age becomes greater. Thus, the OF" - number or 8 or preater does differen-
tiate the attitude on each of the pairs. In certain Instances in the sumary
below the F number of both Cargo and Fighter cohorts shall be presented to-
gether -- in such instances the largest possible sum of combined F numbers
is 28 with each group contributing a single F number of 3.4. 'The below sum-
mary is arranged so that the first items (which will be stated in term of
what Is considered to be the prevalent group opinion) ame those which Cargo
and/or Fighter groups exhibit strong positive opinions towards; following
these are items which elicited weak, neutral responses or about which
the members of either group had strongly divided contradictory feelings,
finally appear items about aspects of the instrument which the Cargo and/or
the Fighter group felt negatively towards. The actual data which the P
number was derived from will acccmpany each item.
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F--Fighter Response ~ ~ ~ 14 k4

C--Cargo Responses, 42I I •t •
HIGH•Y POBITIVZ Hop==IES 0 0 ) 0 0 04 04 04 Of

It was possible to center the needle C 32 2613 0 01o 4 0 0 0
F 14

Adequate Wings Level was maintained C 32 2532 0 2 013 0 1 0
F 13 0

Theinstrumentwasuseful C 12241201 112 00 2
F 12

The pilot adjusted rapidly to the C 10 23 10.0- 3 1 13 0 1 0
instrument F 12

On the following item only Cargo
responded 'highly favorably towards the
Lifesaver.

It was possible to achieve normal C 9 11 2 0 1 5 2 7 0
recoveries 7 3

Only Cargo subjects were questioned
about the following items. They
elicited highly positive responses
from the subjects.

It was possible to make bank 911A10 1 3 0
corrections
The pilot would consult the instru- 9 Nk 10 1 2 1

ment when disoriented
There was adequate information about C 2 0 6 4 4 0 9 1 3 1

heading deviations F 8

Slightly positive and neutral
responses -- on the following items
strong pilot opinion was not elicited.
Only Fighter subjects were questioned
about, the following item
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ii 20i "4

fte Lifestovr piresontea correct 7 / 7 9 0 3 0
representations of bank deviations'

On each of the followng Items Figbter
V acr*em consitiite at least7' 74,A m t of
ccwbividF7 scores

r usemeadequte nication uben C 310603 5O~1
needle deflection was a roll erroar F 7

Control reversalsver not made, C 0 7 0 0 1 • 3 0
- . 17

On the following ite, the Cargo F
acore constitutes 14 points of tse
combined score.

The use of this Itrent enbaseed 5 7 :3 3 8 0
performance on other flght' " 0
Instruments

Onl Fighter subjects were questioned
about the following items.

The Lifesaver msy haveinlazed 0 2 2 5
vertigo

Responses indicating wak and mbodemat
neative feelings towards aspects of the
Lifesaver
Cargo and Fighter prous contribute -7
to the caablzaed F scores on the following
Item.

The Lifesaver was not located inthe C 17 1 3 10 1 0 2 9 3 0
position on the panel F 7

aly Cargo subjects were questloned
about the following Item.

The Instrument is so reliable that It 16 2 8 2 2
would be believed sooner than otber
instruments.
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pron the above summry it can be concluded that the Cargo and/or the
PIhter group feel that the Lifesaver instrument was useful, it can
be used to advantaget it would be consulted when disorientation occurred
and that a pilot could adjust to it rapidly; also the Cargo and/or
Fighter poup felt that It operated so that the following could be
achieved; The needle could be centered, wings level could be man-
tamed, 180 degree heading could be maintained, bank corrections could
be wade and =1nal recoveries could be achieved. The Cargo group saw
the Lifesaver as a possible cockpit backup instrument. There was only
a moderate amount of negative feeling in the Cargo anor Fighter goups
about the present location of the Lifesaver on the pawl and as to the
reliability of the instrument beyond that of previously used instruments.

umwy of General Questions

NNW of the pilots felt little confidence in their own ability to
use the Lifesaver and constantly reiterated that they had not had enough
experience with it to use it properly. In explaining situations in which
souces of error ste=ed from themselves they stressed that the operation
of the Lifesaver was easily confused with the operation of the turn needle,
that there was a tendency to overshoot and to make reversals. This last
error was found to be especially true in maneuvers in which extremely
steep banks were involved; one pilot suggested that a small placard to
rmind his to correct into the needle would have been helpful.

Even though the pilots viewed themselves as fallible they did not
view the Lifesaver as infallible. A comon complaint was that the needle
stuck when flying steep banks and when the instrument was not level with
•anels Another difficulty with the needle is that it disappeared when
steep banks were being flown and that at any time it was not completely
visible because the control volumn hid the instrument. Precise centering
was difficult because the index and needle were too thick and because of
needle variations accompanying changes in G's. A frequent complaint was
that the Lifesaver was useful only in conjunction with other primary instru-
ments and that sole dependence on it in an emergency would be disastrous.

Despite these complaints the feeling that with specific improvements
the instrument could be quite useful was not absent. It was suggested that
moreappropriate panel locations for the Lifesaver would be the upper left
corner of the panel, near the turn needle and in a less critical position
than It now appears in. The majority of other suggestions approximated
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the following points: The needle should be centered better; the fudiial
should be a tapered arrow or triangle; the grading should yield &re re-
cision; the face marking should be inproved and the top index should be
narrowed.

Fighter

Although many objections similar to those raised about the instru-
ment were raised by both groups, the subjects in the Fighter group seemd
to feel more favorably about the Lifesaver which demonstrated a chane
from the semantic scale which shoved the Cargo the mce favorable group.
These objections will not be restated in this summry but an attempt to
present objections which are unique to this group.

Various coplaints centered about difficulties with the instrumnt
in specific maneuvers. Great unanimity existed on the opinion that the
instrument was inadequate for vertical roll mneuvers. There were com-
plaints about difficulties with the instrument in coming out ofr& spin
and in getting accurate pitch information when it was needed. The roll
rate was too slow to correct quickly and one pilot comlained that he
got reversed roll indications. Maneuvers were difficult because you
cannot tell whether you are turning with the instrument.

Both pilot groups objected to the inflexibility of the Instrument
in that it is adequate only when flying South. Also the recovery direc-
tion the Lifesaver indicated depended on the direction of roll into the
roll and for this reason did not always indicate the shortest recovery
route.

Both groups desired that the instrument be relocated, on she pawl;
but the suggestions about replacement were quite contradictory. The
fomer group seemed to wish it to be in a less noticeable more "out-of-
the-way" position where as this group (with some exceptions).felt it
ought to be nearer to primary instruments. This difference in conceptions
of where the LiAfesaver ought to be located probably reflected the differ-
ence between the two groups in their general acceptance of the instrument.

The specific c.oments appear in Appendix A.

Discussion

The results of the questionnaire have been presented in detail.
In this section, these results and the other factors involved in this
pilot orientation instrument will be covered. In addition to the stand-
ardized profile, the instrument was subjected to other testing, it vas
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flown in areas of extreme magnetic disturbances, areas of large wnetic
variation, instrument conditions and in Helicopters. In each of those
cases the instrument proved to be useable and no failures were observed.

The instrument was flown at 24 degrees East variation and it had no
apparent defects in its operation although the roll out heading of 180
degrees was effected. The areas of magnetic disturbance where this in-
strument was flown are listed with the pilot's cmnts.

1. Marquette - On a heading of 265 the instrument centered with 12
degree bank. On a heading of 90 degrees needle centered with
18 degree bank. Altitude flown was 5,500 feet the instrument
appeared to be useable.

2. Marenisco - Same as above Marquette

3. Menmhas - Same as the other two.

The instrument perf",ined satisfactorily under all ambient enviromental.
conditions to which it was subjected.

The instrument was also tested in a HU-IB Helicopter and although
the comments and results are sketchy it was reported by the project
pilot that certain characteristics of this instrument made it quite
acceptable for Helicopter use. The comments made were as follows:

1. Less vibration than the turn needle
2. Possible to bracket last and West withint2O degrees
3. Possible to bracket North by using back course technique

although it is difficult to fly.
4. Must have the capability of setting heading on the Lifesaver

for use during power failures.

All of these cmnts are not unique to Helicopters but the project
pilot felt that this device would be extremely useful for this type
aircraft. The results of the opinion survey indicates that pilots
have an outlook toward this instrument which is something other than
passive and generally feel that this is a good instrument but does need
a few modifications.
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The results of the semantic differential and rating by maneuver
demonstrate a generally positive attitude towards the Lifesaver by the
subjects involved in the investigation -- the former Indicates that
experience with the Lifesaver intensified and in some cases held constant
those positive preconceptions which the pilots possessed before flying
with the Lifesaver. In practically every instance a pre-flight neutral
response was converted to a positive post-flight response on the semantic
differential. Only the Cargo group had some instances In which the Life-
&sver was rated on certain adjective pairs more favorably pre-flight than
post-flight.

The multiple choice split-ballot section and the open ended questions
meuasured more specific aspects of pilot opinion. From the fomuer it was
concluded that the Lifesaver was generally considered an aid which could
be used for the purpose for which it was designed and that it operated
so that various significant maneuvers could be achieved. Dissatisfactions
about the position of the Lifesaver on the panel was revealed by the split-
ballot questionnaire. The open-ended questionnaire revealed vaious dis-
satisfactions. Some ccoplaints failed to take into account the Limited
purposes that the Lifesaver was designed to fulfill and criticised it for
its inability to perform tasks for which it was never Intended, but may
complaints had the legitimacy of indicating areas In which the Lifesaver
was unable to adequately perform its major functions. These ccmments
appear in the appendix.
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Table 4: Cargo Lifesaver - Split Ballot Sumary

+ - 0 N/A

1. Inhance performance 5 1 7 1

2. Would consult when disorientated 10 1 2 1

3. Adequate information for heading deviation 6 4 4

4. mest location 3 10 1 0

5. Acdheve nornal recovery 11 2 0 1

6. Adoption is imminent could it be used to 13 1 0 0
advantage

7. Naintain wings level 12 0 2 0

8. Incorporate instrument in cockpit as backup 12 0 2 0

9. Able to maintain 180 degree heading 13 0 0 1

10. Able to make appropriate bank corrections 10 1 3 0

11. Capable of centering needle 13 1 0 0

12. Achieve a primary objective of recovery 4 0 8 2
from unusual attitude

13. Reliable instrument would sooner believe 2 8 2 2
than other instruments

i4. Adjust rapidly 10 0 3 1

15. Adequate indication that needle deflection 6 3 5 0
wan a roll error

16. Did you find it useful 12 0 1 1

17. Make control reversals 7 7 0 0
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Table 5: Fighter Lifesaver - Split Ballot Summary

+ - 0 N/A

1. Normal Recoveries 5 2 7 0

2. Adaption 13 0 1 0

3. Easily centering needle 14 0 0 0

4. Maintain wings level 13 0 1 0

5, 180 degree heading 9 1 4 0

6. Correct representation of bank deviation 9 2 3 0

7. Find it useful 12 0 0 1

8. Make Control reversals 9 2 3 0

9. Incorporate as backup instrument 8 3 2 1

10. Minimize vertigo 2 2 5 5

11. Enhance performance on other instruments 3 3 8 0

12. Placement advantageous on panel 2 9 0 3

13. Used to advantage 7 1 2 4

14. Adequate information as to roll deviation 9 2 2 1

15. Adequat- information as to a heading deviation 9 1 3 1
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Sumarized Categories of Comaents on Lifesaver Questionnaire

Part II naneuvers

1. Reversal problem
2. Instrument sticks

Rrt ni
1. Did the use of this instrument enhance your perfomace on the other

flight instruments?
A. Performance enhanced on instruments used within the experiment.

2. Since this instrument is so simple and is easily centered, would you
consult it when disoriented?

A. Depends on what else is available.

3. Was there adequate information available in this instrument when a
heading deviation existed?

A. Question unclear -- deviation from what heading?

I. Do you think that the present position of the instrument is the oest
advantageous placement?

A. Control column hides It
B. Prefer in upper left corner of panel
C. On the basis of present experience and information it appears

to be correctly placed.

5. Where you able to achieve normal recoveries with this instrument?
A. Only if addition instruments were used.
B. Question does not specify what is meant by normal recovery

(normal partial panel recovery was achieved).

6. Adoption of this instrument is imminent -- do you feel Lifesaver could
be used to advantage?

A. Possibly, but not in the situations I have encountered in
flying.

7. Could you handle the Lifesaver so that adequate wings level was
maintained?

A. Don't understand how it is supposed to be used
B. Need more experience with it
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9. Were you able to maintain a 180 degree heading with the LWegver?
A. With the little practice given in the experiment it ms

difficult

10. Did this instrument direct you in making the appropriate bank corme-
tions?

A. Tendency to reversal great

11. Were you capable of easily centering the needle?
A. Index is too wide

12. Did the Lifesaver instrument achieve one of its prary objectives
-- that of directing the pilot to recover from an unusual attitude
even though vertigo was experienced?

A. Yes
B. Vertigo not experienced

13. This is an extremely reliable instrument, vould you believe its
indication when in a vertigo state, sooner than your other
instruments? -.'

A. I did not find it reliable; this must be because I have nOdC
had enough experience with it.

B. No. The needle stuck

14. Did you make rapid adjustment to this display?
A. Yes

16. Since this instrument is designed to be an aid -- did you find it
useful'?

A. Only for 180 degree turns

17. Did you make control reversals while using this instrument?
A. In extreme: positions
B. It is highly likely that this will occur

part IV

1. What effect did the varying of low force have on the performce?
A. None, negligible

2. Was there an evidence of erratic functioning with the Lidioatlzg
needlet

A, No, and none that I noticed
B. Stuck in extreme positions
C. Stuck when Instrument not level with instrmmnt pael
D. Yes

3. Was there any evidence of erroneous indications with this Instrument?
A. No
B. Varying inaccuracies in centering, or when G varied
C. Not inaccurate if used with needle and ball
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D. Machine not inaccurate but it is designed so that it in eay
for the pilot to be inaccurate in reading it -- specificelyu
when on North heading easy to think one is oriented to the
South.

4. What limitation, if any, did you experience while using this display?
A. None
B. The needle sticks
C. General trouble with heading and specific trouble with

southernly heading
D. Needle not clear in steep banks
1. Tendency to reversal
F. Tendency to overshoot
G. Inadequate except for 180 degree turns
H. Worthless without additional instruments

5. How does the instrument compaxv with other standby indicators you
have flown?

A. Excellent
B. Very good with some corrections
C. Have nothing or little to compare this with
D. Has advantages over standby magnetic compass when South is

satisfactory heading

6. Additional Coments:
A. None
B. Valuable only in emergencies and in these emergencies only

in certain types of planes
C. Useless in emergency because it is inoperative without the

aid of other instruments
D. Face marking is bad
Z. Top index should be narrower
F. It is easy to make reversals
G. Irrelevant remarks
H. Criticism of questionnaire -- it does not supply a frame of

reference in terms of situations to evaluate the instrument
in, and in terms of what functions (as an ancilliary or
independent instrument) it is to be evaluated.

Part V

1. Can you visualize a more strategic placement of this instrument on the panel?
A. upper left corner
B. A less critical position
C. Near the turn needle
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2. Precise heading control is difficult with the iUfesaver instrumint, but
could you hold a heading of 180 degrees?

A. Approximately 180.
B. No because of the imperfection of the needle. i.e. it sticks,

disappears in steep banks
C. Only if other instruments or devices are used.
D. It Ia difficult to distinguish between steady 180 and 360

degree heading.

3. Since a heading change is a resultent of a roll, we are concerned as to
whether the instrument tended to be ccnfusing as to the type of error
which existed -- a roll or heading error?

A. Not if other instruments are used.
B. Eventual but not immediate perception of the distinction was

possible.
C. Irrelevant answer.

1. Were recoveries from unusual attitudes difficult when using this instrument?
A. They were difficult but would have been more difficult without It.

5. Since there is some suspicion that the needle may be extremely difficult to
center, did you have this experience?

A. Any compass is difficult to center *(see original cement--
debateable interpretation)

B. Bar on top too wide and needle too thin.
C. Irrelevant comment.

6. Since this instrument provides both heading and roll information in
the same needle we were wondering if you experienced any confusion as
to what were the required corrections?

A. Need other instruments to determine quickly and accurately.
B. Tendency to correct as if it were a turn needle.

7. Since this is a new instrument and is quite dissimilar to any present
instrument, many pilots have stated that they have experienced same
adaptation difficulties, did you experience adaptation difficulties?

A. Tendency for reversal.
B. Additional instrumats required.
C. Needle should be centered.
D. Needle should be more visible and not stick.
Z. Fudicial should be tapered arrow or triangle.
F. Pilot needs small placard reminding him to correct into the needle.
0. Numerical index marks or grading needed for more precision.
H. He should change the thick black index to thin mark.
I. Adaptation difficulty would hot be experiences in small aircraft.
J. Instrument is sensitive bank indicator.
K. If several other instruments are available one can adapt.
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8. Since uncertainty has been expressed as to whether the "Lifesaver, pro-
vides enough information for maintaining wings level, there is interest
in whether you detected any difficulties while flying with the "Lifesaver"
in maintaining control of wings level?

A. Difficult if other instruments are not available
B. Although wings level always uncertain it was more clear as

South was approached.
C. Unless on southerly heading *(look up original camment --

think that this is same as B category identified above.)

9. New instruments are difficult to accept even when the operation of the
instrument and the display face are simple. Since you are very unfamiliar
with this instrument do you think you would consult it when disoriented?

A. If other instruments were operative
B. If no other or none of the primary instruments were operative
C. If I had more practice with it

13. Could the resultant effects of vertigo disorientation be minimized to
a greater extent through the use of some display other than Lifesaver?

A. Yes -- altitude, airspeed, and VV indicator are better
B. Yes, only because I have more experience with otheis
C. When there are gyros it is not best -- otherwise yes.
D. An optimistic philosophical note -- there must be a better

way even though no man has discovered it yet.

l4. This is a very new concept for application to a flight instrument. Since
you have had very little experience with the Lifesaver would you believe
the instrument, when experiencing vertigo before you would believe your
other flight instruments?

A. If I had more experience with it, then possibly I would
B. No, one must have AS, Alt. etc. Vhich are not indicated on

Lifesaver.
C. Only if I had nothing else
D. Do not know

15. Would you like to see this instrument discardedt
A. No, if it is used under specific conditions (a full partial panel)
B. It would be acceptable with some changes
Co It is better than a washer or a string

16. There is a great deal of negative feeling about this instrument. Should
this instrument be accepted into the Air Foroe inventory as a standard
display?

A. Not in its present position on the panel (should be placed in
the corner).

B. Yes, if there are enough emergency situations in which it would
be required to Justify the cost.
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Specific Cocments from Cargo

Part 3l

Recovery from nose high -- reversal problems - 1

Maneuver 5. When given aircraft in left bank correction according
to instructions received a complete reversal to a right bank. Ths
would also be true given A/C in a right bank between 181 and 359
degrees. The larger correction being at the 270 degree and 90
degree points.

Instrument sticks -- 1

The instrument seems to work fine except for occasional sticking.
I fail to see the application if it must always be oriented South.

Part III

1. Did the use of this instrument enhance your performuace on the other
flight instruments? - 2

It did on those instruments which I used within the experimnt.
Answered yes on basis of that portion of flight conducted on
this instrument plus pilot instruments.

2. Since this instrument is so simple and is easily centered, would you
consult it when disoriented? -

I would not necessarily pick this one.
Depends on What's available
Not in preference to other instruments if available
Answered yes, assuming gyro instruments inoperative

3. Was there adequate information available in this instrument when a heading
deviation existed? - 3

Question is unclear -- should have specified 180 degrees as the
heading and even from 180 degrees you still have no i6da.
I don't understand what is meant by heading deviations. From
180 degreest
Deviation from what heading? With turn needle, you can determine
generally which direction you're going but without it, you have
no idea. From 180 degrees, you still have no idea but it mowes
no difference really since your always correcting back.



9. Do you think that the present position of the instrument is the most
advantageous placement? -7

The control column which is too far forward especially in a tail
heavy aircraft hides it.
Not in C-131. Too hard to see behind the column, particularly if
you're in a tail heavy aircraft with some flaps down, the column
is too far forward. e.g. the 10 249 is 806.
Prefer it in upper left panel corner.
Would prefer upper left corner of panel
Tentative agreement with present position of the instrument.
Appears to be placed OK but would have to look further into question.

5. Were you able to achieve normal recoveries with this instrument? -5
Only if additional instruments were used -- need altitude, heading
and airspeed
With use of altimeter & airspeed too.
Recovery was safe however altitude and heading cannot be determined.
Unclear about meaning of normal recovery -- could achieve a noraml
partial panel recovery.
Yes, if by normal recovery is meant normal partial panel recovery.

6. Adoption of this instrument is imminent -- do you feel Lifesaver could
be used to advantage? -3

Possibly -- but not in the usual situations which I encounter in
flying.
It works but I'm lost as to specific application.
Once in a great while.

7. Could you handle the "Lifesaver" so that adequate wings level was
maintained? -4

The way it is supposed to be used is unclear to me.
Maybe I would if I understood how it would be used.
I can achieve wings level with the instrument only if I have a
long period of time to do so
Yes, however, it would take some time to get perfectly level

9. Were you able to maintain a 180 degree heading with the Lifesaver? -2
To do it adequately requires much practice -- ike., I found this
task very difficult to achieve with the instrument.
Yes, however, more practice would help considerably.

10. Did this instrument direct you in making the appropriate bank corrections?
It is quite likely that a pilot will read the bank directions back-
wards.
Yes, but only because of specific briefing immediately prior to
flight, otherwise, I think I'd have read it backwards. re my
previous comment on reversing the indication.
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11. Were you capable of easily centering the needle?
Index should be nearrower
Index needs to be narrow as previously suggested

12. Did the Lifesaver instrument achieve one of its primary objectives --
that of directing the pilot to recover from an unusual attitude even
though vertigo was experienced?

Yes
No vertigo experienced
Did not experience vertigo, maybe because of the instruent
No vertigo experienced
Vertigo was not experienced

13. This is an extremely reliable instrument would you believe its indi-
cation when in a vertigo state, sooner than your other instruumnts?

Attrlbute lack of reliability 4.self -- i.e., I didn*# find it
reliabe, this must be because I have not had much exrience
with it.
Possibly more training
I-vould have to work with instrument more
Yes, further experience would be very he3tul. Corrections were
made.
No, only because of unfamiliarity
US the needle stuck a couple of times
Partially because the needle stuck a couple Of times

14. Did you make rapid adjustment to this display?
Yes
Fairly rapid
Yes, consciously, rather than instinctively as is the case with
a familiar instrument

16. Since this instrument is designed to be an aid -- did you find it
useful?

I can only think of one situation in which it is useful _L a
180 degree turn
Very useful for a safe turn to 180 degreesb For other situations
doubtful.

17. Did you nake control reversals while using this instrument?
In extreme. positions
In extreme positions when needle was nearly out of view
Once, in first steep bank unusual position
I did a few times and I did not but probably would have if not
warned about this before I began to fly
No only because of briefing as in (10) above
A couple of times, however, easily coaTected
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1. What effect did the varying of "W" force have on the performmneet
None:
No apparent motion noted
None that was discernable to the eye
None
None
None
None
None
None I could see
None - Variation in needle appeared no greater than variation
in bank
None that I noticed
None
Neglibile
None
Slight movement of a small magnitude

2. Was there any evidence of erratic functioning with the indicating
needle?

Six subjects arnswered "NO"
Stuck only in extreme positions -- steep banks
Yes, when in a steep bank it lagged & stayed there until a
second or two after wings became close to level
Yes stuck on stops in recovery from steep banks
Stuck at extreme indication after control reversal caused
extremely steep spiral
Only when coming out of an extremely steep bank
It only stuck when instrument was not level with instrument paneal
No, other than instrument was not level with intrument panel
Yes, stuck a couple of times
yos

3. Was there any evidence of erroneous indications with this instrument?
No -- Subjects: 3, 11, 2, 8, 13, 4, 5, 9, 12, 14., 10
Yes -- Subject 6
Varying inaccuracies: stuck a few times when G varied, slight
inaccuracy when centered.
Not exactly confusing as when centered and near South heading
direction was too slight to be confusing
No except see 2 (stuck a few times when G varied')
Not with use of needle & ball

-- Ajot with use of needle or ball though
Rachine not inaccurate but easy for pilot to make inaccurate estimates
in reading it
When on North heading believed to be oriented properly to the South
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a. What limitation, if any, did you experience while using this displayt
Noie that I noti..ed with my limited use of the machine
None, within limits of demonstration
None
Needle sticks
Needle stuck
Stuck at full scale detection and started opeti
Difficulty with southerly heading--can't toll wln tn sterowed,
and when you reached southerly heading
Difficult to determine when you have reached a tutherly beading
Hard to tell when turn was stopped on southerly heedIn
General trouble with heading
Heading information
None except in determining heading
Needle not clear in steep banks
180 degree ambiguity
Adequate for banks of 30 degrees or less and moderate', alibe and
dives in absence of gyro instruments. This inst t end pilot
instruments not adequate :uc extreme unusual poeltidus
Needle disappears in steep bank
Bank angle, i.e., the needle is out of the free suose or the
needle is fully deflected.
Tendency to reverse interpretation
Required specific though to keep from interpretin bakwards
Tendency (for pilot) to overshoot mark
There is a tendency to over shoot the amount of bank required
It is adequate only for turns to 180. degrees
Could only accomplish one maneuver -- a safe turn to 1f0 degrees
No good without other instruments
Must have altimeter, vertical speed, airspeed, and either needle
and ball or carpass to increase ability and time to determine
your position.

5. Row does the instrument compare with other standby indicators you
have flown?

Excellent, best, good but needs some coraections (6 out of 7
subjects say good without any reservations).
This is adequate instrument and seems to have good reliability but
would be easier to use with the corrections pointed out.
Best
Favorably
Excellent
Good
Good
Very satisfactory

36



Have nothing to compare this to -- have flown nothing caqparable
Have never had similar types in A/C
This is the only one I've flown
Have never flown any other type
t experience with anything comparable
Would not attemt comparison, since, to me, this is a new concept
Have only used standby compass
Have little to compare this with
Has advantages over standby mag. compass when south is a satisfactory
heading
Will say: has definite advantage over standby meg. compass 'ln that
a bank indication is available as long as South is a satisfictory
heading

6. Additional com ents
None
None, other than shown elsewhere
Recognize its values in emergencies but feel it Is not necessary
in usual situations or feel that certain planes don't even need
it in an emergency
A very valuable instrument under conditions of power loss. However,
under normal unusual positions I would incorporate it with my other
instruments.
If this is very cheap and can be mounted where It does not interfere
with other necessary items it could be valuable. Rowever, I do not
feel it is necessary in modern cargo A/C.
Not useful in an emergency because it is not operative without the
aid of other instruments
Having lost all other instruments, pilot would still need airspeed

or altitude indication.
Face marking is bad--
I think some better face marking is necessary
Top index should be narrower--
Narrow top index
Made reversals--
I had a tendency on several occasions to fly thb needle rather
than turn toward it on initial corrections.
Irrelevant remarks --
Did not seem to worry about whether correction was bAading or roll
only to keep it centered.
This questionnaire could possibly give you a complete inaccurate
picture of a pilot's comments. Why, because you ask evaluation of
an instrument under several conditionse Fartial - artilal Pael or
Full partial panel with still no compass. You should state whether
you consider the instrument a supporting instrument to the others or
as a do it all alone type instrument which some questions lead you
to believe. Test should be conducted using one configuration, and
stating the exact function the instrument is to perform.
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1. On you visual Ize a more strategic placement of this lastimt on
the panel?

Upper left corner
Since it would only be used as a last resorts I vouM seato
It in a less critical or standby position
Since our C-131's are all different, no specific spot. I
would proximity to turn needle would be advantageou

2. Precise heading control is difficult with the Lifesaver inst ntp
but could you hold a heading of 180 degreest

With pls or minus 10 degrees
In steep banks the needle is very hard to find. It goes below
that black section of the instrument
Steep Banks -- Needle almost disappears in steep banks - difficiL t
to spot it imediately. Could be eliminated with proper case or
stops. Needle also tends to stick on the stops =U1 close to
wings level or angle of bank for centered needle.
Using needle and ball or compass
In recovering from all maneuvers using this instrument aifrpsad,
altimeter, and vertical speed you cannot be sure for Sm time
you are actually headed south. Unless you are extremly sharp
and note change in required control pressures, and drection of
same being applied. This my not be recognizable in varying degrees
of turbulence. Another instrument must be brought In to determine
when you actually are on South in a short period of tim say 2-1/2
minutes or less. If using the standby coqsws a final direction
of last or West would be better than North-South as a final direo.
tion of above an overcast depending on time of day wing tip on sun
can aid in determining whether going I or S.
It is difficult to distinquish between steady 180 degree heading
and 360 degree heading.

3. Since a heading change is a resultant of a roll' we aroe c'amered as
to whether the instrument tended to be confsing as. to the type of
error which existed -- a roll or headin error?

Difficult to realize when you first arrive at heading of 180
degrees
Confusing only to the extent that it gives no indication at all
as to which type of error exists. But who cares If you can
keep it fairly well centered?
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). Were recoveries from unusual attitudes difficult when using this
Instrment?

YTo, but would have been inmossible without It

5. Since there is sone suspicion that the needle may be extrmely di•-
ficult to center, did you have this experience?

Any compass
Why the wide bar at the top and thin needle. Wby not the usual
needle or a white mark at the center of black bar to help with
centering?
By limiting bank to 180 degrees hel sune in non-low nose high
attitude.

6. Since this instrument provides both heading and roll Infarmation in the
soe, we were wondering If you experienced an confusion as to what were
the required corrections?

Still need a needle and ball or copass to determine quickly and
accurately
Once - believe due to subconsciously correcti as if It were
a turn needle

7. Since this is a new instrument and is quite dissimilar to any present
instrument, mwn pilots have stated that they have experienced soum
adaptation difficulties, did you experience adaptation difficUlties?

Yes, but rapid adaption noted after first turn in wrong direction
On one of my first unusual position recoveries from a steep bank
I turned the wrong my, further steepening the bank (probsbl3y
because I flew it like a turn needle) Famliarity with the
instrument and better display would help in this respect.
Again, only because of specific briefing and became the test
of the instrument was the purpose of the flight. Otherwise, I
have my doubts.
For recovery from unusual positions the operation and Interpre-
tation of the instrument should correspond to the noral turn
needle. The needle action should be reversed. I think in an
emergency, the tendency would be to misinten3let it the my it
is now. Because of its similarity to standard turn needle. I
definitely think reversing the action of the needle would be
desirable
Answers were checked with the idea in mind that these questions
applied to that part of the mission that included unusal posi-
tions with only this instrument and the pilot instruments. For
more than slight banks and shallow turns additioml instruments
are required.
Impossible to tell when in a bank
Should fly with needle centered for a definite period of time
to be sure you are on South heading
Works much better when used In conjunction with turn needle
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Needle should have peg at marxia position so that it remins vithin
sight, preferable should stay in vhite area. Pg should also pre-
vent sticking as it does sometimes in the hmy position.
The fudicial should be a tapered arrow or triangle Instead of bar.
Placard on instrument that reminds you to cor ect into thi needle
until pilot becomes very familiar with instrument,
Very good and practical type instrument. With a little training
and experience. plus a larger display, pom kind of mnmerical
index marks or grading this could become quite a precise instru-
ment. There are possibilities of integrating two of these instru-
ments to affect a continuous and direct reading of both heading
and bank.
I think it would be beneficial to change the thick black index to
one thin mark.
Small aircraft would help this.
The instrument is a very sensitive bank Indicator*.
Using 1, 2, 3, and 4. Delete 4 and 5 and it would be questionable
especially in heavy turbulence.

8. Since uncertainty has been expressed as whether the "Lifesaver" provides
enough information for maintaining wings level, there is interest in
whether you detected any difficulties while flying with the "%ifesaverm
in maintaining control of wings level?

Unless on southerly heading
Must have more than altimeter, airspeed, & vertical speed. Answer
no with additional instruments.
Was never quite sure if wings were level, however, I knew that
they were nearly letvel as changes became very all as South
was approached.

9. New instruments are difficult to accept even when the operation of the
instrument and the display face are simple. Since you are very unfamiliar
with this instrument do you think you would consult it when disoriented?

I would consult it, however, I would still check other instruments
before completely relying on it.
Using 1, 2, 3, and either 4 or 5 it would be adequate under noarml
conditions.
If other instruments are operating.
In absence of primaries
Not unless all other instruments were out of icimmision,
Yes, with some instrument training practice using this Instrument.
Training would help.
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10o. D1 certain defects in the presentations of the inutruient lead you
to make control reversalst

On the first maneuver onlhy
Assuming that you are in a right bank or level between 001 and 180
degrees and a left bank or level between 180 and 359 degrees.
Otherwise no, it required a reversal of bank through wings level
to return to a southerly heading.
I think that shadows on that instrument face. seem through blue
Immediately obvious of wrong direction of roll

11. About half the pilots who have flown this instruent indicated that
bank deviations are incorrectly represented on this instrumant. Do
you think that the bank deviations are represented correctly?

Actually it is difficult to say one way or the other. As I did
not check it during the vertical thoroughly
Not as accustomed but since same correction for bank or heading,
I see no problem.

12. Did you find any features of this instrument which were in conflct
with your performance on other flight instruents?

Only with the tendency to fly the needle to the reference, instead
of the reference to the needle.
Initial reaction is that confusion is caused since operation is
opposite to turn needle, a sfrilar presentation. ConScious,
rather than instinctive corrections will be required until instru-
ment is fatiliar.
Combines two instruments

13. Could the resultant effects of vertigo disorientation be uxn1szei to &
greater extent through the use of some display other than Lifesaver?

Yes, but this say be based on past experience
No, it aids but cannot replace instruments 1, 2, and 3 htich are
are basic and proven reliable.
No, assuming no gyros
Question has to be answered yes -- there is always a better way
question is how?

1. Thlis is a very new concept for application to a flight instrument.
Since you have had very little experience with the Lifesaver would
you believe the instrument, when experiencing vertigo before you
would believe your other flight instruments?
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Assuing that I had a chance to practice innsuver with it &
fey timse, there would be no difficulty in accepting it.
But this maybe based on past experience
Doubtful at this stage -- possibly,, If others obviously
untrustvortty
Naturally not, this question Is rediculous * Lifteaver does
not gile airspeed,, altitude,, etc.
Hard to say.

15. Would you like to see this instrumnt discarded?
Not using only instrument 1,, 2,. and 3. rull partial panl,, yeso
But it should be changed
It's better than a washer or a string

16. There is a great deal of negative feeling about this Instrument. Should
this instrument be accepted into the Air Farces inventory as a standard
display?

Backup way in the corner
Conditioned on a study of cost vs.* occurrence of situations In
which it could save an aircraft and crew. In twenty yews I have
not experienced nor do I recall hearing of a situation in which
all instruments were lost and this instrumnt would have dane the
job.



Part In -- vaita on Varying Maneuvers

I. Recovery from unusual position.
The indication to the pilot that he is aorrecting In the option
manner is delayed exesseiveej (lpehaps due to the narrow 14lit
margin In roll of the instrient).
Found It easy to follow needle camnds. Roll rate wma too slow
to coerect the needle as fast as it could allow. So problem
recognizing which heading atmosphere I was turning throno
I believe the instrument's use allos a rapid meovey from
unusual positions.
For loading changes or pitch level banks a jlut wish to roll
wings level not to a specific heading.

2., Recovery from roll.
An oscillation of i/i4 of the needle was oocassionully observed
(this probably due to the megnetic influence or the fuel
totali•er).
Referred to the needle and rocked wings thinUng the needle wms
unstable -- actually I caused the needle oscillation. I ws
sli4htly puzzled on this maneuver.
It Is possible to roll past inverted flight ans. still get a
reverse roll indication from the instrument.
Thought I was on South since needle was centered with no ture rate.
Made check and determined that heading was actalIy Nort h, then
had no problem recognizing the quadrant. I believe that this
would @me with practice and this check would always be made
if the needle Is centered with no turn rate.
The recovery direction indicated by the instrument depends on
the direction of the roll or inverted position, i.eo, a clock-
vise roll calls for a counter clockwise recovery regardless O

whether the shortest recovery route would be to continue clock-
wise.
The converse is also true.

3. Recovery from heading changes.
Needle centered with no turn rate. The turn check shoved n tlat
I was near South
Vertical or level vertical recoveries are directed on continuous
rolls or reset in confused Indications.
The "Stop" limits were not sy ntrical.

"43



4. Recovery fron Heading Changes.
I dislike the addition of another instrument givifg ne lnar-
mation. Don't need and same don't eant.
Instrument itself is valueless to indicate vertical fMIohte
Very easy to determine direction to roll, then coret airspeed.
No confusion at all. Good roll-out rate. TSo turn and bnk Is
obviously necessary for determining the direction and rate at
turn and thus is the Instrumnt which gives the clie to reciapition
of the proper heading quadrant,
Recovery from a vertical position is not possible to do saftly If
the indications of the needle are eelussively relied upcm.
This is due priear'ly to the fact that in a vertical attitude a
roll becomes a yaw and instrument gives random deflectioms,

5. Recovery from inverted flight.
Again, easy to interpret the needle and follow its cmmands.
Good roll out.
The instrument would appear in a different light If the two
needle were also failer. In that case, Lifesaver wouvA be a
considerable aid.

6. Recovery from disorientation.
Easy to determine general heading with noodle cetered and then
needle in slight turn.
Same c¢oent as above except that uy roll rate va slightly high
and noted one over-shoot of needle centering. Buy to recognise
and quadrant of heading.

7. Overall Impression.
Noted needle oscillation as soon as I took over.
Maximum confusion in vertical position - roll left aM right,
OrigInallUy thought that I was inverted nose low and the Lifesaver
instrument was my first clue that I was inverted.

8. Additional comments.
In general, the sensitivity is good - very stable, no 3u*W
on oscillation.
Noticed the fuel counter caused the needle to fluctuate. lowever,
this is no major problem.
I like steady indication the Instrument presents.
Needle is very stable and easy to center and hold center*d. Could
use a pip in dead center.
Inetrumnt needs sun device incorporated in it to prevent needle
oscillations from the fuel counter. Was aanoing but did not
make the instrument unuseable.
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!ink that the instrumnt presentation should be reversed, i.e.,
fly the needle to the index, like the needle of a turn and slip
Indicator.
eoimend that the instrument be nude rotatable so that a vertical

presentation represents "On Course".
Yb. Lifesaver, like many possible instrument Ideas, hW U merits
but. l0k mny other instruments, is not the couete sanewr to the
problam. Primary advantage is that it is self-coutained..
Major disadvantage Is that you never know if you ae turning
or not. If you argue that the standby comass w1i1 give you
this Information, then why not use the needle with the caqpes.
If eomf3te D. C. else. failure compounds the loss of your primary
instrw•ts which are powered by inverters then you real.y aren't
going anywhere with the aircraft fastened to you anyhow. The
instriinnt functions very well in the capacity for vhich It was
desiped. I did not misread its indications and felt that it
was atae sufficient enough to prevent overccbtrol and overshoot.
If additional markings are incorporated on the Instrument face to
allow flight in sme direction other than South.
It is pretty worthless for recovery fras vertical flight. If the
weedle sticks, "you've had its. Need so meas of mintaining a
desared heading other than South.
I question the over-al value as an aid for electrical failure
because it doesn't aid the most dangerous axis - that of pitch.
In conjunction with an instantaneous vertical speed it would be
Peat. it does give A positive side up indication, and this' is

IMlod out slightly fast and noted one overshoot due to fast rate.
egd instrument moves off peg so fast it is easy to overshoot

wben making correction*
inverted nose high, 300 degrees with the needle and ball Instrument
covered., Aain P, no problem of recognizing which wy to turn but
n natually unable to determine heading of quadrant since no
camas or turn needle was available.
By this time, I found the approximate roll rate which was proper
aM ws quite pleased with the roll out. No trouble centering
the neele and keeping it there.



Part inI

1. Were you able to achieve noryl recoveries with this instruint?
Not satisfactory for vertical recoveries.
Except vertical
Once I fought the situation inadverently by rocking wings.
Depended upon unusual position
All recoveries were good except #4, inverted which, other pilot
had to take over
Recovery in a nose low attitude it can induoe a further nose
low condition. It is very good for level, slightly awe low,
and nose high (not vertical recoveries).

3. Were you capable of easily centering the needle?
Width of center mark is too wide
Marking should be more precise
Needle should move in opposite direction
No comment. Would like needle to move opposite to resent
method
The centered position is too crude as to width of the center
mark is too wide for the fineness of the needle. It is not
necessary to mark it like a needle-ball instrument. Also, itt
is possible to fly the indication to a much move precise mrking.

4. Could you handle the Lifesaver so that adequate wings level ws maintained?
Going south -- not particularly in other directions
Going South

5. Were you able to maintain a 180 degree heading with the Lifesavert
Approximately
Maintain heading l10

6. Were bank deviations correctly represented on the Instrumnt?
I ansvered yes because bank angles up to 90 dgrees seemed
to give proportional linear needle displacement. Beyond 90
degree bank, needle was pegged.
This is a combination bank and heading sensing indicator so that
a correction could be for bank or heading or a combination of the
two.

8. Did you make control reversals while using this instrument?
I believe this was due to the opposite presentation of this
instrument from the needle of the turn & slip indicator.
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Per @vershOvto in initial recovery
2h two~ loomtrol remesal suspratS p'mat~mim %*I&h wRM
gL~e overshoot In bank *coutrol g.= it v" ig ~we vas

IF mys3 eobt"I' reversal r emu 9mb 1, "Ol ~eImps to the
beet recovery direction -- wee Iu'~1 Somat

so You~i ftvoa' I campoatng this twum loft *1 gsoulat as. a be*k
qp lasnomatt

I th Voost It resoinble
bk its present stat. no. vt fte" ebst pav*Ws lmdiass
is awmmed sA cartain otbe 48ls .tomes iiom" be

cearwaar ivesu~ch matmi coumcsit 4m~ a~t~e wo ýwd
failed vithout a vandg MWa smak. laa1loabtIam eM
ft control pitob or roll chain2. =4 IACI ne Wt WGM.A
in nSlter, aurcraf. 2as teulemyWol e te to follow th
& tuitu"e inicator.

20.w !4 Us Ufsammer Iinstrimut fulfill one at i+t@ objeotlves -- fthat of
ýImlsdvd vertigol

Thrxtigo Vas not experlenoed, dawiug Mtl4
Turtigo pevertion was excellent, (test aircraft campass and
attItaft InDformation instruments vere covered with tape). No
no~ at veAtig In amy IMauver.
YVmt4W o 1 not avisamily stminalated discrientation ec,
Imstrymnt caald hardly cure Mt

n.o KIG te wse at this iwnstant enhance your pertarnce CO~

ma re0~er fron amusm positions it did.

Igo 80 -YVeVd #Ak t the umesent position or the Imstrufnt in the =at'
sGV50 placematt

W M m to see It In otber position to be svis
omAM %G clOSer to priSSrVY flilht iastrUINGts

Nines, it whiere it is not motically 4is+u.be and where it is
am a$ s2.tlter MAd airspeed indicator*
As a ste~ft lustrament it vas satimiftctoryl baowevr it would be
in a totter position If it onre directly in front of the pilot.
PhOW be located ousr attitude indicatm or t~.oasobeqk.
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13. Adoption of this instrument is imm.nent, do you feel it coon be wsed to
advantage?

For som people
Not in Its present configuration

i. 1)Did the instrument provide adequate information as to Vbet a see.
deviation was a roll error?

But the air vas smooth
Yes, if roll error was greater than approxiately 30 degee beak

15. Was there adequate information available in this instrument, idn a bead.
In deviati on existed?

Going South
hxcept on a heading of 360 degrees

Fort IT

1. What effect did the varying of "G" force have on the perfonmacet
None Noted
Slight
None
None
None Noticed
No noticeable effect
I could not note any effect
No effects noted
None that I noticed
None
The application of both positive "G" and negative Wa had so
effect on performance.
It appeared to cause an increased roll error indication, but I
was not certain of this
High "W" maneuvers were not evaluated as specific portion of the
test
On heading of 180 degrees, 3 g would give a left asedle deflection
which required 15 mean degrees of right bank to center.

2. Was there any evidence of erratic functions with the Indicating ueedlet
Needle was not erratic, even in turbulence; however, It did stick
-in the extreme right hand position an several maneuvers.
The needle sticks especially oan a counter clockwise roll into
inverted on the roll out the needle stays pegged until a mear
level attitude is reached. This induces an over shoot in the
recovery.
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Yes, stuck numerous times in full right position
Yes, the needle stuck to the right on one occassion.
The fuel flow indicator action caused a slight fluctuation In the
needle
Slight oscillation, approx. 1/2 the width of black center strip, no.
In the centered position as heading approached 180 grees needle
would make a large scalar movement, then give indication of inadequate
bank. Noticed in right turns to 180 degrees.
Yes, when the fuel counter was operating
On one occassion the needle hung-up when right correction VMs required.

3. Was there any evidenee of erroneous indications with the Instrumentt
9 Nos
Yes, a roll past inverted sowtimes resulted in a direction to
reverse roll.
Random indications when vertical overshoot as mentioned above

4., What limitation, if any, did you experience while using this display?
Limited in vertical maneuvers.
No good for vertical recoveries. Rave no way of knowing the
short to roll upright
When the aircraft was climbing vertically the instrument did not
tell me how to recover
Information during vertical rolls was non-existant.
Vertical flight
Recovery from vertical flight
No help in vertical recovery
Not satisfactory for a vertical recovery nor straight down.
The maximum deflection is reached at about 40 degrees and the
instrument pegs on the opposite direction about 30 degrees past
180 degrees of roll, i.e., 210 degrees.
It is incapable of handling vertical recoveries
Lack of pitch information necessitates croos checking with
airspeed and altimeter.
Does not have the ability to indicate dangous pitch attitudes
Poor pitch interrputation during recovery from unusual positions
which were extremely nose high or nose low. Recovery frm iwverted,
nose low positions would be extremely hazardous.
It did not tell me what the airplane attitude was until recovered.
Excessively delayed response to large roll corrections.
I found no real limitations, and I was confident after the first
two maneuvers that the instrument would command me into a safe
condition of bank.
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5. ow does the instrument cmpare Vith oter stanmb inleat= s ym have
flown?

Very well
best because it is not limted to level flMght an attitudeOa the
aircraft except vertical
Favorably
I would definitely prefer to have this instr'um.st as a back-qV
Instead of a standby attitude instrument which my alwa- be
reading differently than a primary one. I experiente this owan
in RAF fighters which have two altitude indicators and the con-
fusion factor can be distressing. The pilot actually doesn't
know which indicator to believe.
Not as good as standby pit indicator
It isn't as good as a standby attitude Indicator, but It Isn't me
complicated either.
I prefer an attitude gyro
Only one other that standby gyro (horlzon) X have flown. 2bs
artifical horizon weather stand-by or the full-blown instriuaat
is better.
A self contained attitude gyro would be better. This instrwmut
incorporates heading and bank inform•tion where as I would rather
have then presented separately as with a mng. compass and an
attitude gyro. The only time you have your wings level.
Favorably, in concept only
3 no answers and don't knows.
No ccumarison

6. Additional cmnts
Gives confidence in a quick successful recovery as soon a needl
is centered, even before pitch is corrected. Dleduces aross check-
ing task and thus simplifies recovery.
I like it
Very iiqressive
It seems unnatural to roll toward the neele. X would prefer, if
possible, an instrument which would requitre the sme corrective
measures learned for recovering froam unusual positions using the
turn needle.
(not turninO is South. I am interested in being able to hold
other headings
I think the instrument could be very useful. I believe It should
be tested in a century series A/C so that large airspeed changes
could not be detected.
I think the instrument, in addition to not alloving recovery from
vertical flight, would not permit recovery from a spin.
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Part V

1. Would you like to see this instrumnt discarded?
If it isn't reliable

2. Do you feel that vertigo could be eliminated to a greater extent than
achieved by the Lifesaver instrmunt?

Do not feel it would have any effect on vertigo one way or the
other.
This instrument was not adequate to recover from vertical climbs
or descents. In these extreme positions, centering the needle
did not correct the situation.
Vertigo is not eliminated by any instrument
I do not feel a visual instrument will eliminate verf,&i..
I think vertigo could be reduced by presenting pitch informtion
on the same instrument
I feel that an operative attitude indicator ha. a greater potential
of eliminating vertigo than the lifesaver; hovever., I still do not
like the idea of having two uncovered attitude instruments in plain
view at all times The question of standby electrical powe" for the
additional attitude gyro has never been fuly solved. I feel that
the present state of the art dictates that the Lifesaver instrument
be installed in lieu of the additional attitude gyro with its
attendant power requirements.

3. Was the Lifesaver inadequate for maintenance of a 180 degree heading?
:lO degrees
The needle was not covered so an indication of bank was available.
Without the needle there would definitely be confusion as to which
was required. This is not too important though as they both cancel
as 180 degrees is approached.

io Were you able to detect any weaknesses in this instrument in directing
normal recoveries?

The oscillations of the instrument during vertical flight could
easily be mistaken for turbulence effects and this could delay
a timely recovery. I do not think this is a serious ahortconWn
however, since the altimeter, airspeed and vertical speed should
quickly indicate the nature of the attitude even if the Lifesaver
Is misunderstood.
See previous coea-nts on roll or vertical recoveries
Recovery from vertical flight
In vertical recovery
Inability to accomplish vertical recovery
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5. Did you find any features of this instrument vhich were in conflit
with your performance on other flight instrumentst

Works in reverse to mechanics of turn needle
Its reverse presentation to that of the turn and slip Indicator
Roll corrections are toward the needle rather than the desired
method of moving needle to center Of instrumnt
Works opposite turn needle
Distracted me from pitch control.

6. Can you visualize a more strategic placement for this instraent on
the panel?

Near the attitude gyro and beside the vertical speed instrument
Recommend to right of these 2 instruments. Undesirable to have
near the turn and bank indicator.
Closer to basic instrument group
Near the altimeter and airspeed Indicators so that the crosesheak
doesn't require so much eye movement.
I found that the vertical speed and the Lifesaver became primary
when the other instruments were covered and for this reason I
would like to see the fastest possible reaction to unusual
situations
Closer to turn needle
Maybe

7. Since this is a new instrument, and many pilots stated that they U4,
some adaptation difficulties, there is interest in determining if you
had any trouble with this instrument?

Reversal problem
Not after a brief orientation flight
Poor question

8. Since a heading change is a resultant of a roll chan , we are concerned
as to whether the instrument tended to confuse you when an error existed
as to whether it was a roll or heading error?

It could be confusing if no other bank reference were available
but it doesn't matter. If the needle is centered the result will
be as built into the instrument - wings lever southerly direction.
Didn't really care since required corrections were small.

9. Since this instrument provides both heading and roll Information in
the same needle, we were wondering if you experienced NW confusion
as to what were the required corrections?

Not as long as I had the turn needle.



10. There is a feeling that bank deviations are incorectly rqresente.
On this instrumnt. Do you comply with this feeliM?

I can see no tendency to get into an unusual pitch or bank
attitude by rising the instrument as is.
A combination bank and heading Is presented.
You need another instrument to know which way you're banking.

11. There is a great deal of negative feeling about this inutrimnt, do
you feel it should be =cepted?

It is nice but something would have to go. What? Would prefer
presentation to be reversed i.e.s left needle deflection required
Right roll.
Very po•r question! Should the feeling or instrment be
acceptedt 'Ph instrument requires further sophistication. The
principle is good.
Not in present configuration.
Whatj, the feeling or the instr•ment? The instrument would be
useful only if the turn needle was inoperable.
Needs further study
Loaded questions. and may therefore obscure the correct ansver.
However, I think that my answers are valid.

32. Considering the various aspects of the instrument that might have been
a hindrance to you, do you still feel this itraent proved to be
useful?

Qualifiedly.
For some things.
There were times that it was useful but I could have done just
as well without it -- under the conditions that existed when I
flew it.

13. Since uncertainty has been expressed as whether the i•feeaver provides
enough information for maintaining wing. level, there is Interest In
whether you detected any difficulties while flying with the Lifesaver
in maintaining control of wings level?

Other than 180 degrees.
Yes, off 180 degrees.
No trouble when headed south.

15. Did certain defects in the presentations of the Instrument and/or
other factors lead you to make control reversals?

Only on initial roll recovery.
only slightly.

Additional cent.
I think the instrument has much in stoplifying the pilot's task
in recovery by eliminating the requirement for extensive instrunt
cross checking. Also it provides a rapid indication that the pilotst
input is correct and recovery is in propoess, He needs only then to
keep the needle centered (easy enough to do) while he stabilised his
airspeed and attitude.
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The following report describes a s~mi-automtic,, fleimable wan fair2y
coqrebensive scoring system for use In Investigating control-displey corn-
figurationas and associated hardware In simulated enviromats. SOe require.
ments for this system coem frad the measurement needs of humn engiaers in
conducting such Investigatiorns.

The human engineer Is usually Interested in the Interactiorn between
the hum operator and the various control and/or display elements of Vhe
machine. The comlexity of such Interactions pose difficult inesuroenst
problems to gather Information concerning these interactions. Tb. curreint
techniques involve taking overall system performance mewarnes,, which Includes
the outputs of the man as vell as the outputs of the machine,, while system-
tically varying control and/or display elements to determine which elements
"prdwe the desired system performance.

It Is desirable to measure the total system performance along param-
eters; that will discriminate between the varlibles of interest. Zt Is
apparent, then., that the more parameters that- are mosiohed, the more
doecripers of the total variance of the system that will be available.
Thus,, the information available to differeniate between the variables,
of Interest will be moeadequaste.



Cmrrentlyo, the scoring system used in such studies are lnimted in
the ntMber of pa-aaters that can be simaltaneously meawed. tese
scaring system. wae usually designed according to system specific crt-
teria, and they are, thus, not flexible enough for use In subsequsnt
studies unless identical parameters are of interest. Thi is a severe
limitation. For each new study a nv scoring system must be designed
and built at a great expense in time.,

The scoring system proposed in this report will snowse mae parm-
sters simultaneously and be flexible enough for use in studies where a
variety of psrmeters ae of interest without mjor odificatioms. This
property wvin, in the long run, save much tim.

Thefollowing table lists many of the possible pramters for
mnasurement.

Deviation from Steady state for:

Azimuth M AN MAI X-! Plot
Airspeed
Altitude I-T Plot
Vertical Orped
Angle of Attack
7114ht Path Angle
yaw

Deviation from a comnd rate ot-.ohag for:

Airspeed
Vertical Speed
Pitch Angle
bank Angle
Yaw Angle

Tim history for:
Ilevator Travel Osilopaphic fetords,
Rudder Travel
Aileron Travel
Pitch Angle
Bank Angle
Yaw Angle
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Terminal measures for approach and landing
profiles:

Distance Down Runway
Displacement from Centerline,
O's
Airspeed
Rate of Descent
Pitch Angle
Bank Angle
Rate of Change of Pitch Angle
Rate of Change of Bank Angle

The parameters shown in the table are descriptors of different
"Pasct$ of the total system per-formance. It is felt thatk "amoae of
these parmeters would allow the evaluation of a large ni*&w of con-
trol, /uior display elements. The overall systemn perfmnu~ce as me-
owued along these parameters reflects the capabilities at the system
elements,, whether control modes or displays of flI&t parmuters, for
performing given manou~rers

Certainly an extremely grecise evaluation of overall system perf or-
nmane could be made from measures of all the parameters Shown in the
tabl.e,, but such a task would,, for practical reasons, not be feasible.
In practice.. experience has shown us that simultaneous mesasues at six
parameters will provide adequate Information for the evalustion of sys-
tem performance. The paremeters measured vould vary according to the
mafneuver,, or task being scored.

An adequate measure of a parameter should Include three error scores
that will describe the magnitude of error man the variability of error
about the given parameter. These three error scores are: average error,,
to indicate the average of the deviation from a reference indlex with
regard to algebraic sign; absolute averaga error., to reveal the average
of the deviation fran a reference index Irregardlesa of sipn; and root
mean square error., to serve as an Index of YrLbilItY ab S~he given
reference performance level (i.e., S e dtp I )14dts and 3,1,6 at)

The scoring system,, therefore,, shoulid include a coquter that will
provide six scoring channels,, with each channel having enovo saplifters
and multIp~lers to obtain the three error scores for each selected param-
eter. Ideally a sequencer and priter should be used to enable the print-
Ing out of scores at selected points in a predetermined profile. This
property would allow the analysis of the error scores by maneuvers., or
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tasks. Further,, if the parmeeters being scowed on the mix scoaring channels.
couldA be changed at will. a "full. mission" profile could be scored., in that
the parameters considered Important for performing a given maaneve could
be measured vben that given maneuver occurred in the profile. That is.,
during any simulated flight of a pre-determined profile., the selected param-
eters being measured in the six scoring channels could be changd so that
during different phases of the profile., different parameters could be mas-
sured. Scores for one phase of the profile could be printed out, clearing
the channels, and the scoaring channeIs could then be wsed to score param-
eters aprpropriate for the next phase of the profile, aet

The full mission scoaring capability also requires that the reference
index from which the error scores are caqpted., be variable. that is, ve
should be able to change the reference index as appropriate to changes In
maneuvers being scored.* For exaqile,, in a climb out maneuver., the reference
iudex for vertical speed way be 3,000 feet Per minute from *hich to compte
error.* After level off this reference should be zero..

Also to avoid distorting scores on one maneuver becomie at errors on
the preceding maneuver., we should be able to Interrupt the scoring sequence
to make any necessary adjustments of the position of the simulator so that
all subject pilots would begin the maneuver* from. the same point rogardless
of where they caqpleted the preceding maneuver.

Along with the six scoring ch Ies to obtain the error scores described
above, It would be desirable to obtain,, also., tIm histories, ot control mov
meats., as reflected in elevator., rudder and sarle. travel aind vehicle move-
ments in the pitch, roll., aid yaw axes as v*3ll as X-? plots of perforimanc
vs.* range (altitude and azimuth vs * range,, for affroach and landing profiles
and takeoff and cliabout profiles).

In susmary,, the proposed scoaring systemt should include the following
basic crocnints; a coater to provide six scoring channels that will give
three error scores on each selected parameter; a sequencesr and printer with
associated decision ='&'ing networks to provide the flexible full mission
scoring capability; an eight channel oscillopraph to ]provide the desired
time histories of control and vehicle movement; and two K-! plotters to
provide the time histories of performance vs. reage.
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~~~~~~-------------------------------------

Description

The unique feature of this particular piece of equipAment is its
capability, to present several types of information on a six by eight
inch viewing screen for preselected periods of time. This information
includes sixteen alphanumeric characters (ten numbers and six symbols)
and four cursors which can be presented on the viewer with respect to
X-Y coordinates. In addition to these symbols, a msll, oving, comet-
like dot of light can be continuously displayed anywhere on the screen.
Moreover, this instrment can project six different background grids
along with the aforementioned symbols for three different time exposures.
Thus, it has the capability of displaying one moving vehicle plus cer-
tain information concerning its behavior with respect to a specific course
of flight. There is, however, one major limitation with respect to the
use of this instrument in aircraft or space vehicles, and that is the
slow rate at which alphanumeric or cursor symbols can be displayed on
the viewing screen. An estimated 5-10 seconds is required to present
a combination of alphanumeric characters or cursors which, for all prac-
tical purposes, precludes the use of this instrment for the display of
cotinuously changing data such as airspeed, vertical velocity, etc.
However, this does not mean that the photochromic display device cannot
in some way be utilized during the Mark IV simulation study or other
future projects.



Use

With specific reference to the Mark IV program, the photocbr-noic
display device can be utilized to present two types of information.
First, in order to enhance fidelity of simulation it is suggestedtbat
a prelanding checklist be presented to the pilot. This could easily
be done by placing a slide of the checklist in the instrument to be
projected just prior to entering the simulated flight profile. Dura-
tion of presentation can be controlled by the pilot by means of a back-
ground grid selection switch.

Secondly, it should be recalled that no horizontal situation indi-
cator or distance measurement equipment is included among the Mark; IV
displays. Eventhough it is impossible to present a three dimensional
display of the vehicle's flight path, desirable navigation information
can be presented the pilot through use of the photochromic display device.
A background grid contalning an outline of the desired gross flight path
profile would be projected on the viewer during the initial four minutes
and twenty seconds of simulated flight (Figure 1). A background grid
shoving a magnified view of the remaining three minutes and twenty seconds
of flight would then replace the gross flight profile on the viewer
(Figure 2). A small,moving, comet-like dot of light would represent the
flight of the vehicle along the desired course. This information would
allow the pilot to gain valuable position information at a glance.

The photochromic capability of this instrument could be utilized by
periodically presenting the pilot with data concerning the amount of time
that remains before landing and the command altitude at specific points
along the flight path profile (Figures 1 and 2). Data concerning the
amount of flight time remaining would allow the pilot to continually pre-
ppre himself for landing during the entire mission, and the command alti-
tude information would enable him to readily determine his deviation from
the required altitude at several specific positions during the flight.
This would be especially important during the Mark IV flight profile where
a descent of some six miles is required during a period of less than eight
minutes.

There are, however, several minor problems associated with the pre-
sentation of the aforementioned information. Since the photochromic dis-
play device has the capability of reproducing only twenty different symbols,
the flight time remaining and comand altitude data cannot be labeled
directly as such; the use of symbols will be required. For example, com-
mand altitude data could be labeled with a plus sign, i.e.,+25 000, and
the flight time remaining data could be designated by the runway cursor,
i.e. 113 40 (Figures 1 and 2).
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A technical problem which must be resolved is the determination of
the length of time required for the photochromic display device to pre-
sent the command altitude and remaining flight time data on the viewing
screen. This variable would determine how many times these data are to
be presented during the entire aission.

There is possibly another technical problem which should not be over-
looked, and that is the accuracy of the information presented on the viewer.
When the background grid is changed from the gross view to the magnified view
of the final portion of the flight path, care should be taken to make certain
that the second background grid is in the same alignment as was the first.
Misalignment would give the pilot an incorrect view of his vehicle in rela-
tion to the flight path.

Research

Even though the information conveyed to the pilot from this display
may appear to be valuable and useful, it is strongly sugeted that a
research study be undertaken to determine whether or not these additional
data actually enhance pilot performance during simulator flight. Such a
study could be conducted in conjunction with the regular Mark IV research
program. It would require that each subject be given one trial using the
photochromic display device for each condition used during the Mark IV
research study. For example, if during the Mark IV study, the pilot flies
the simulator flight profile with only the pitch axis operating, and roll
and yaw held constant, he would be required to fly one profile using the
photochromic dJ splay and then repeat the same flight profile without the
display. This would also be the case for all other conditions of the
experiment. Trials, of course, would be counter-balanced for each condi-
tion of the experiment with respect to the use of the photochromic display.
The same measurements would be taken for all experimental trials. The Mark
IV data gathered without the use of the photochromic display would then be
compared with the data obtained while the display was in use to determine
whether or not any differences in performance are present. This effort
would require approximately fifteen to thirty minutes additional time per
subject per condition; no additional manpower would be needed.

Future Use

In the future, when the photochromic display device has the capability
of receiving inputs directly from a computer, the use of the instrument can
be expanded to include interception or rendezvous missions. It would be
possible to represent the pilot's vehicle with the mallmoving, dot of
light as in the Mark IV program; an alphanmeric symbol would designate
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the position where the approaching aircraft will be intercepted (or

point in space where rendezvous is to occur), and the flight direction

Of the approaching aircraft could be continually presented by somen of

a cursor sy0bo (Figure 3).

Presentation of the approaching vehicle presents a technical problem
due to the estimated 1-3 seconds required to reproduce the cursor symbol

on the viewer. However, this difficulty could be overcome by ascertaining

the distance that the approaching vehicle would travel dring this time lag

and have the couter calculate the location of this vehicle at the time the

cursor vould appear on the viewer. The symbol of the approaching vehicle

would not move continuously, but rather it would progress across the scren

In mall, distinct increments toward the point of interception. fte pilot

eould this be able to observe the progress of his vehicle and the progress

of the arget toward a predetermined point of contact.

Frank G. Mullen
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Subject: Work Statement for the Mark IV-B Profile Measurement Task

Introduction

This is the initial study of a program designed to investigate the
feasibility of the proposed descent and land flight profile for tbe
Mark IV manned space vehicle re-entering the earth's atmosphere after a 30
days sustained orbital mission. Although the Mark IV is a hypothetical
"space vehicle, it parallels closely with the Dynasoar vehicle and mission.
Composed of two pilots and two technicians, the Mark IV's mission is to
serve as a launching platform for five missiles, each of which can be
programed, fired, and maneuvered, to a limited extent, within the atmos-
phere to strike a pre-selected target (Ref. 1).

Because the Mark IV is constructed with aerodynamic characteristics
that provide the pilots with the capability of flying the vehicle within
the atmosphere, re-entry is initiated at a point which permits the vehicle
to land at a desired base. As the vehicle re-enters the atmosphere, it
will be controlled along a flight path which does not exceed certain man-
euvring limits while at the same time allowing It to dissipate energy at
the required rate to arrive at a terminal area with sufficient speed sad
altitude to effect a safe approach and land'n.



Statement of the Problem

The basic question to be answered by this study in - Can the profile be
flown? This query can be subdivided into numerous problems requiring inves-
tipation, of which the following are foremost:

1. Can the descent profile be flown as it presently exists to permit
the space vehicle to reliably effect a safe approach and landing?

2. If the existing profile does not result in consistent performance
of the flight task, what alterations should be instituted to
achieve the optimum descent profile?

3. What additional cockpit instrumentation and controls are essential
to simplify the pilot's task of information integration sad, thus,
enhance the probability of a safe approach and landing?

4. In flying the profile, what are the quantitative values of the
more important flight parameters during each phase?

Pre-ftperimental

The pre-experimental phase of the profile measurement study will be
devoted to conducting three subject pilots through an extensive series of
experimental sessions. To provide a representative sample of the pilot
population to be employed in the study, one pre-experimental subject will
be selected from each of the three participating organizations. By utili*4.
ing this sampling procedure, results obtained in pre-experimental work can
be safely theorized to exist for the entire subject population. A more
detailed discussion of the experimental subject pilots is presented later
in this document.

The primary objective of the pre-experimental efforts will be directed
toward resolving a salient issue regarding task learning, and the determina-
tion of conditions which produce increased learning efficiency.

As set forth in Underwood (Ref. 2), there are essentially three methods
of performance measurement in multiple response learning from which learning
curves can be constructed.

1. mastery level after a given nmber of trials or for a given length
of time

2. number of trials or amount of time required to reach a given
criterion of mastery set by the experimenter

3. error reduction
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There are arguments for the use of all three methods, but rather than pro-
ceeding vith a samewhat lengthy and involved discussion of the merits and
difficulties of each, it's the intent only to point out the training tech-
nique to be instituted vill evolve from the pre-experinental work.

Basically, the aim of the research on the proposed descent pattern is
not to project differences in performance among the subjects after they have
flown a pre-determined number of practice trials, but instead to permit each
subject to attain a high degree of proficiency in the flight task, regardless
of the number of trials required, before commencing with data collection runs.
Thus, the problem is posed of judging when each subject has approached aspkote
of performance and upon what set of criteria this decision will be founded.

The initial endeavor to select the point at which task learning attained
by the subject results in an acceptable level of skill and reliability will
be made by scoring and analyzing data measured from the parameters listed
below: (refer to Scoring Equipment section for types of recordings)

1. altitude vs. range
2. altitude vs. time
3. Mach vs. time
4. Mach vs. altitude
5. vehicle track deviation from the desired pattern

Data from these parameters will be samled at checkpoints 2 to 12 inclusive
located throughout the entire profile (see pictorial layout of the descent
pattern), which will provide 55 data points for each trial. The values
obtained will be examined at each of the eleven significant checkpoints to
ascertain if they fall within the desired tolerance for that parameter.
During the pre-experimental phase, these tolerance bands will be specified
by plotting the values scored from all runs flown by the three subject
pilots. In this manner, a trend analysis of task learning can be per-
formed resulting in realistic limits of acceptable skill levels on each
parameter.

This trials-to-criteria technique, as outlined by Underwood in
Method #2, transforms the raw scores into a plot of the number of trials
it has taken each subject to reach arbitrarily established successive per-
formance levels, thus, generally yielding a negatively accelerated learn-
ing curve.

In addition to using the five measured parameters as the fundamental
criteria for evaluating the proficiency of the subjects on the flight task,
a frequency count will be transacted during the practice trials to disclose
the naber of vehicle control losses and the time and condition existing
when these failures occurred. Due to the unstable characteristics of the
space simulator at the higher altitudes in the profile, it is anticipated
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that a spin-out will not be uncommon in the course of early practice runs.
Recording these losses of vehicle control will provide another method of
assessing the subject's progress with respect to flight task familiarization.

This tally corresponds to Undervood's third method since discrete
parts of the performance can be measured separately. If a learning curve
is constructed for each subject from these data, a study can be made of
the sources of difficulty in learning the task.

In substance, the stage at which the subject pilot is considered to
have achieved an acceptable degree of proficiency on the assigned task
will be dependent upon a comparison of his measured values, scored on
successfully completed runs, against an empirically determined set of
standards.

However, if the pre-experimental phase reveals the criteria men-
tioned above for judging the subject's qualifying performance level necess-
itates extensive data reduction, a technique of giving an equal nmaber of
practice trials to all pilots will be employed. (Method #1) In using this
approach to flight task learning, sufficient trials will be administered
for the pilots to attain a realistic level of proficiency. Again, data
derived from the pre-experimental subjects will be used'for designating the
quantity of practice trials essential for achievement of adeqpate flight
task performance. Training will be accomplished in such a manner as to
have approximately an equivalent amount of error for each individual prior
to departure on the actual experimental runs.

Confidently, an intensive and, critical examination of the data gen-
erated from the three pre-experimental subjects will provide an insight
as to which of the two techniques, training to a criterion using an un-
equal number of practice trials or giving a specified nukber of trials
to all pilots, will be best suited for this study.

A memorandum will be published at the conclusion of the pre-experimental
work reporting the knowledge obtained and subsequent decisions.

Exnerimental Procedure

The study will be conducted in two parts. The initial sessions
will be considered a practice period with the actual scoring of the
runs for data analysis taking place during the final session.



Practice Sessions(s)

'The object of the practice period is to provide an opportunity for each
subject pilot to become completely familiar with the descent and land pro-
file before being asked to perform for purposes of data measurement. There-
fore, the subject pilot will be encouraged to practice until he Is confident
of the simulator's handling characteristics and in his ability to fly the
assigned task.

Upon reporting for Session I, the subject will be briefed tboAousbly
on all facets of the descent and land profile. This instruction Vill be
in the form of a "chalk talk" by the experimenter and will include values
of airspeeds, altitudes, flight path angles, and headings to be flown,
navigational aids available, location of check plints in the profile,
timing, and finally, a discussion of the simula&to flight dynamics. The
manner in which the study is to be conducted ad the time involved viU, be
explained to the subject. Special emphasis will be placed upon the con-
ception of establishing a relaxed informal atmosphere which Will reult
in the maximum flow of information. Any questions presented by the sub-
ject dealing with the task or the experimental procedure will be readily
answered.

At the conclusion of the flight task briefing, the subject will be
familiarized with the cockpit controls and instrumentation. A pictorial
layout of the descent pattern will be displayed in the cockpit above the
instrument panel for use as a quick reference by the pilot while perform-
ing the task.

For trials 1 and 2, the experimenter will be seated in the cockpit
and perform the duties of an instructor pilot by coaching the subject
during the performance of the flight task and critiquing him at the
termination of the run. Commencing with trial 3, the run will only
be monitored fron the experimenter's scoring station outside the sim-
ulator cockpit for the correction of misunderstandings regarding the
assigned task and gross errors in the execution of it.

It is hoped that approximately 7 practice trials will be sufficient
for the subject to attain at least an acceptable degree of skill and
reliability on the descent profile and, optimistically, his asymototic per-
formance level will have been reached. A stipulation vill be Imposed that
a maximum of 7 trials can be flown in the first practice session, and a
minimum of 6 be given, even though early achievement of desired task per-
formance may have been acquired. Also, if it becomes readily apparent to
the experimenter during Session I that the subject pilot is having diffi-
culty in adjusting to the flight task, that individual will be requested
to return for an additional training session.

5



The ultimate evaluation concerning task learning will not be made
until the termination of the first training period for each subject,
whereupon an analysis of the recorded data will be conducted. The decision
will be based upon sample scoring of the practice runs and a comparison of
the flight parameters, previously outlined in this document, with the pre-
determined performance criteria. This assessment will be facilitated by
taking recorded measurements of trials 3, 4., 5, and 7 in order to construct
a learning curve to depict the rate of the experimental subject's progress.
And finally, a relatively stable estimate of the current proficiency level
is needed to judge whether the subject is prepared to embark on data collec-
tion runs. A mean and standard deviation, computed frao trials 5, 6 anA 7,
will be utilized as the values on which this decision is founded. For
example, if these computed scores fall within the tolerance limits, which
were empirically determined in the pre-experimental work, at 10 of the 31
significant check points, the subject will be considered to have had ade-
quate training and can proceed with the experimental runs in the follow-
ing session.

If the plotted learning curve indicates the pilot's proficiency on
the flight task is still deficient, however, he will be scheduled for
supplementary trainiag. Should the subject fail to qualify to the accept-
able level of performance after 15 practice trials, he will be excused
from further participation in the study.

In summary, a scientific and objective evaluation on the feasibility
of the descent and land profile under investigation demands that the data
emanating from the study be authentic and consistent. These properties
oft molid-ieasurements for all flight parameters being recorded and analyzed
are predicated upon eliminating any significant effects of task learning
prior to commencing with the data collection runs. Thus, it can be deduced
that determination of whether each subject has attained the acceptable level
of flight task proficiency, as set forth by the pre-experimental standards,
is of extreme importance in producing accurate experimental results.

Time Breakdown of Practice Session I

Each trial consists of 8 minutes in duration with an additional 2
minutes required for resetting the equipment to the starting values and
provide time for the pilot to establish the initial launch attitude con-
ditions. Thus, a minimum of 10 minutes will be consumed for each complete
descent run. The 2 minutes resetting time can be utilized by the subject
as a short rest period and for asking questions.

Briefing on flight task 10 minutes
Discussion of experimental procedure 5 minutes
Cockpit checkout 5 minutes
7 practice trials 1:10

Total 1:30
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Data Acquisition Session

The second and final part of the study will be devoted primarily to
the actual collection of data on the degree of skill in which the subject
pilots can reliably perform on the descent and land profile.

Each subject will be scheduled to return for the data acquisition
session shortly after he has completed his flight task training. Ideally,
the time interval between the final practice period and the actual experi-
mental session would be 18 to 30 hours or overnight, but in any case, the
time span will be no longer than 3 days, e.g., Monday - Thursday, Friday -
Monday. By restricting the between-sesuion-time-interval, the number of
runs necessary for the individual to again achieve his peak proficiency
level on the task will be kept to a minimum. Information derived from
pre-experimental should indicate the number of practice trials needed in
the final data acquisition session to relearn the flight task.

It is estimated that two practice trials will be adequate for the
subject to become thoroughly competent again in flying the descent pro-
file. Subsequently then, runs 3, 4, 5 and 6 will be scored for experi-
mental data reduction and analysis.

It is essential to state at this time that the subject will be unaware
that only selected trials will be scored for measurement purposes. During
the course of the initial briefing prior to Session I, the experimenter will
point out that decisions on the feasibility of the profile will be based on
the data obtained from their performance of the task, therefore, it is of
the utmost importance that each and every run be flown as precisely as
possible.

At the conclusion of the four experimental runs, the subject will be
administered a comprehensive questionnaire regarding his opinions on the
descent and land profile and suggested methods for improving the reliabil-
ity of successful touchdowns.

Time breakdown for Data Acquisition Session:.

Re-briefing on flight task 10 minutes
2 practice trials 20 minutes
4 scored runs 10 minutes
Complete questionnaire 20 minutes

Total 1:30



Flight Task

The flight task to be performed by the subject pilots in the Hypersonic
ME-i simulator is a 360 degree flame-out. pattern designed to permit a safe
approach and landing for a space vehicle returning from an orbital mission.
Beginning at a point where the pilot can make positive control inputs with
respect to vehicle attitude (120,000 feet), and terminating on the runway
at an altitude of 0 feet, the descent pattern is flown in a power-off or
"dead stick" condition. (Refs. 3 and 4)

The vehicle is equipped with tip extensions, which will remain extenAed
throughout the flight, speed brakes producing drag effect of varying asounts
selected by the pilot, and finally, a "one-shot" landing skid system. Navi-
gational information, presented by the HSI, will be composed of VOR stations
with 30E capability located at the high key and aiming points.

For a detailed description of the flight task, see the following figure
of the descent pattern.

A delineation of Mach values for the entire altitude range -"is presented

below:

Altitude Mach IAS Significant Events

120 M 5.90 Starting values
110 M deceleration phase
100 M 3.30 290 K
;90 M 2.65 290 K
80 M 2.10 290 K
70 M 1.7o 290 K
6o M 1.4o 290 K
50 M 1.14 290 K
45 M 1.03 290 K
440 .94 290 K
35 M .85 290 K Begin decelerating to 180 K
30•M .49 180 K
25 M .4 180 K
20 M .40 180 K
15 M .36 180 K begin accelerating to 290 K
10 M acceleration phase

5,000' .48 290 K
4,000' .47 290 K
3,000' .465 290 K
2,000' .46 290 K
1,000' .45 290 K Lower landing skids

500' .38 250 K Begin flare
touchdown .265 175 K V/V less than 600 FPM
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Apparatus

The investigation of the descent profile vll be conducted in a modi-
fied ME-i flight simulator. The Link Division of General Precision Inc.
transformed an ME-1 trainer into an evaluation device for first-generation
space hypersonic flight instruments and systems typical of vehicles which
will be operational by 1965. (Ref. 9).

This simulator, designated the Hypersonic NZ-i, has flight equations
similar to the proposed Air Force Dynasoar vehicle. The resulting dynamics
are such that at altitudes above 80,000 feet the vehicle Is hg unstable
with an iwrease in stability, permitting greater precision flying, as the
vehicle descends to lower altitudes.

Some of the simulator's capabilities that will be utilized in the
present study are:

1. Mach .2 - 6.0
2. Altitude 0 - 120,000 feet
3. Vertical velocity rates 0 - 83,000 FM
4. Speed brakes - variable degrees of extension
5. Tip extensions - , f, ',
6. Skid system - replaces landing gear system

Cockpit controls have been provided for selecting any desired initial
launch condition for Mach, altitude and heading. Also, a three-position
switch permits the pilot to set up a descent attitude prior to starting
on the run and if an out-of-control condition is encountered during the
descent, the pilot can switch to a "panic" mode which returns the vehicle
to straight-and-level flight. Other switches installed are a P Am= button
to launch the vehicle on the run and a RESET button to return the vehicle
to the selected starting values.

Instrumentation in the Hypersonic ME-1 simulator will consist of:

1. Three-Axis-Attitude Indicator with the display of heading informa-
tion on the rotating ball. Although they will not be utilized on
the profile experiment, this Lear-built instr•zent also has the
provision for depicting comanded information for pitch,. bank an
flight path angle.

2. Mach Indicator consisting of a moving tape with a scale extending
from .00 to 6.0 Mach. Bendix is the manufacturer.
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3. Altitude information from 0 to 120,000 feet is displayed on a
Bendix moving tape instrument.

4. Vertical Velocity rates are provided by a moving tape and a moving
pointer. The moving pointer describes vertical rates on a scale
existing to 1500 FPM, and any rate exceeding the limits of this
fixed scale are displayed in the appropriate window oposite the
stalled pointer on the Kollamn instrument. (Ref. 10)

5. Angle of Attack and Acceleration is presented on a moving tape
with a cross-hatched area representing "minimum safe speed" region.
The acceleration tape scale is from 0 to 7 G's and a digital read-
out can be seen below the tape on the KOlleman instrument. (Ref. 10)

6. Horizontal Situation Indicator (HSI) with D4E capability.

7. Trim Indicators for elevators, ailerons and rudders gives the
pilot the capability to set up the same pre-launch attitude for
each run and to determi if his vehicle is trimmed up properly
during the flight.

8. Skid Position Indicator

9. Back Clock

Subjects

Because the flight profile to be performed in the Hypersonic simulator
requires a high degree of skill, which possibly the average pilot cannot
achieve without extensive training, selection of pilots will be rather
discriminative.

Experimental subject pilots will be drawn from the following organizations:

1. Fighter Operations Division of Flight Test
2. Bomber Operations Division of Flight Test
3. Jet Instrument School of Patterson Training Division

Subjects procured from these units can be considered above the normal
pilot population in ability, experience, and current flying proficiency
due to the type of cockpit assignment in which they are engaged. In
fact, several individuals from the Fighter and Bomber Test Divisions
have been nominated for primary roles in the United States space effort.
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Obviously then, there are no better qualified pilots available locally for
performing in an investigation of the re-entry descent and land profile.

The number of pilots scheduled to fly in the study will vary between a
iniým of four (4) and a maximnm of twelve (12) with the exact quantity
dependent on the availability of qualified pilots at the time. The criteria
of availability includes scheduling for the data acquisition session within
1-3 days after completing flight task training.

Qualifications to be mt by participating subjects are:

1.* current instrument rating (mandatory)
2. qualified in jet aircraft (mandatory)
3. attained 1500 hours flying time (mandatory)
4. flown 100 hours in the last six months (mandatory)
5. simulator or in-flight experience with the Air Force

integrated Instrucent panel (desired)
6. experience in space vehicle simulators (desired)

Since participation in the study by the subject pilots will be of a vol-
unteer nature, an attempt will be made to credit one hour of simulator
training for the subjects in the fulfillment of their annua ground train-
ing requirement.

The subjects selected and trained for-this initial feasibility study
of the descent profile will be considered as forming a nucleus of pilots to
be called on to participate in future follow-on experiments. Due to the
complexity of the task, training different pilots for each phse of the
profile measurement program would prove to be unduly burdensome and time
consuming. Thus, those pilots comprising this specific experimental sub-
ject pool will be familiar with the program objectives and, furthermore,
will require merely a short refresher period in the simulator to again
achieve an acceptable level of proficiency on the basic flight task.

Scoring Equipment

For the purpose of recording selected measurements from the simlator
regarding the subject pilot's deviation from the prescribed flight task,
two basic scoring instruments will be utilized. These scoring devices
consist of two oscillographic recorders and four X-Y plotters measuring
the following parameters: (Refs. 5 and 6)

Offner Oscillographic Recorder - scored from launch to touchdown

1. Altitude - three different scales were required to provide ade-
quate resolution over the entire descent profile (120,000 to
4O,0OO feet, 4O,OOo to 5,000 feet, and 5,000 feet to touchdown).
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Offner Oscillographie Recorder Cont.

2. Vertical vlocity ()
3. Lauding skids
4. G-load acceleration In the vertical axis (AZA)
5. Flight path angle (SIN)
6. Yaw or side-slip angle (P)
7. Time - one second intervals

Sandborne Oscillographic Recorder - scored from launch to touebdoWn

1. Indicated velocity (Vi)
2. G-load accelerations in the lateral axis (AUA)
3. Bank angle (SIN4)
4. Speed brakes
5. Angle of attack (e()
6. Pitch attitude
7. G-load accelerations in the logitudinal axis (AXA)
8. Mach
9. Time - one second intervals

XI- Plotter #1

This scoring device will be activated from launch to high key. So
pen transcribes a line on graph paper as the vehicle paroesses for-
ward on the X axis (range) and descends on the Y axis (altitude).

X-Y Plotter j,

Scoring from launch to high key, the pen describes track deviation from
North on the X axis as the vehicle descends on the Y axis.

X-Y Plotter #3

The flight path to be flown is prie-printed on the graph paper so the
pen depicts the variance of the actual path flown against the desired
flight path from high key to touchdown.

X-Y Plotter A

A time history plot of heading from high key to touchdoWn Is made on
graph paper laid out in a circle.
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Dpinion Data

A comprehensive general opinion questionnaire wiii be administered
to the subject pilots at the conclusion of the Data Acquisition Session.
A brief sketch of the techniques to be employed on the questionnaire is
presented.

1. Ratfzt. scale of descriptive adjectives - The scale is blocked out
into columns and rows consisting of ten graphic terms, such as
realistic, uncontrollable, sensitive, etc., listed across the top
of the page and seven intervals of altitude from 120,000 feet to
touchdown recorded down the side. The subject is asked to reflect
his opinion of the response characteristics of the spsce vehicle
at the various altitudes throughout the descent and land profile by
placing an "x" in the appropriate column. He may mark as Imiy
descriptive terms for each altitude interval as he deems necesuary.
A compilation of this descriptive information will result ia a
general critique of the dynamics and stability system of the
Hypersonic ME-i simulator.

2. Unstructured rating scale - Printed on a page of the questionnaire
will be a horizontal line of specific length representing stremgths
of difficulty on a continumm ranging from the least difficult value
on the left to the most difficult on the extreme right. The sub-
ject's task is to strike a vertical line on the rating scale to
depict the degree of difficulty he encountered in performing the
assigned flight profile. Results derived from this technique
will be portrayed by an estimated mean and median drawn on the
scale. Caution must be exercised in the interpretation of the
findings since the scale merely represents an attitude disposi-
tion of the subjects and not a precise and well-defined quantitative
value.

3. Pictorial drawing of the pattern - Of extreme interest are any
significant changes from the assigned task employed by the subject
pilots that are considered to be of definite benefit in achieving
the optimm descent profile. Points at which the speed brakes and
landing skids were operated are also useful information. Therefore,
a letdown plate of the descent pattern will be provided, for the
experimental subjects to indicate the location in the profile when
these alterations or events occurred.

I. General questions - Approximately thirty questions will be presented
to elicit specific written cooments on a variety of topics includi• g
simulator stability and control, problem areas in the profile
requiring further investigation, critique of the flight task
instructions and the overall experimental procedure, etc.
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it has been found in past simulato studies that subject pilots Vill
not always express their opinions as easily or aplicitlY On a question-
naire as they will when talking informally with the experimenter. Theie-
fore, to retain valuable information emitted by the subjects in candid on-
the-spot coments made while they are actually flying the simulator on the
profile, a microphone and tape recorder will be Installed in the simulator.
The experimenter will be able to record conversation within the cockpit or
interphone communication between the cockpit and experimenter's stattOn Ot.-
side the cockpit. (Refs. 7 sad 8) These taped conversations will be
assimilated and combined with the written answers under a General Cements
Section of the final task report.

Data Analysis

Because the profile measurement study is merely an abridged investi-
gation regarding the inherent feasibility of the proposed descent pattern
and not a typical experiment in which variables are manipulated, the sta-
tistical treatment of the data acquired from the oscillographic recorders
and X-Y plotters will be limited to a certain extent. The data analysis
performed will be principally for the purpose of describing the average
flight path flovn by the participating pilots and any consistently sigal-
ficant deviations from the prograemed track.

The recorded measurements will be sampled at 10-second intervals, so
there will be 46 data points (7 min. 40 secs.) for each of the 16 parameters
being scored yielding a total of 736 values per experimental run. By add-
ing the score derived at one of these specific points in time with the
same respective point on all four of the data collection runs performed by
a subject pilot, the mean and standard deviation (neasure of dispersion or
variability) of that selected point can be computed. Thus, a time-history
plot of the computed mean and standard deviational values for all sixtee
parameters will result in a representative observation of an individual's
performance on the profile.

When the measured values for all experimental subjects has been reduced
in this manner, a critical examination of the data can proceed in an effort
to answer the four questions posed, and which the study was designed to
resolve.

1. Does the existing profile permit consistent and effective performance?

A statistical analysis of the plotted mean performance values of all
subjects will determine if their flight paths seemed to be fairly
similar or if a large variability in performance van prevalent.
Sources of difficulty in the profile can be readily detected, and it
will also be possible to estimate the percentage of safe approaches
and landings accomplished.
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2. What alterations are needed to improve the profile?

If the mean values from each individual are grouped together by
parameter and then a mean and standard deviation are computed across
all subjects at the 46 points, the resultant will be sixteen time-
history plots of the entire profile describing the average track
flown and the variation about it. When each of these mean profiles
is compared point-by-point with the corresponding desired parameter
value, significant deviations will be revealed, thus, indicating areas
needing alterations and to what proportions the profile should be revised.

3. What additional cockpit instrumentation and controls should bi initalled
to improve performance?

In a 360 degree overhead pattern of this type where engine thruot is
not available, there is very little margin for error from the required
values i and still be able to safely reach the field. It ,is an especially
tenuous condition if the pilot discovers he is falling short of the pre-
scribed airspeeds and altitudes. Therefore, the problem of information
integration and pre-planning is a very real one for the proposed descent
and land profile. In order to simplify the pilot's flying task, an en--
deavor will be made to ferret out deficient areas of information display
and vehicle control. A scrutiny of the regions in the profile that pro-
duced vast amounts of variability among the subjects, and also an Inspec-
tion of excessive deviations between the sixteen mean parameter profilesi,
collapsed across subjects,,and the established patterns, should provi,.e
a perception into what additional displays and cockpit controls would
be appropriate. Furthermore, the opinion data, compiled from the ques-
tionnaire sauaitted to the subjects and the taped recordings of their
verbal comments, will be useful inezrining pilots' needs for aupple-
mental cockpit equipment items.

I. What are the quantitative values for the MEFT parameters?

The mean values derived from the subjects on all experimental runs flown
will be used to update the HIPT parameters that have been previously
defined (Ref s. 3 and 4) and to outline -other important operatep yehSbo/6',
equipment and display functions. The MHFT analysis will describe the
parameters at intervals of every 10 seconds, but a more precise break-
down of the information can be made if future requirements dictate.

There is a possibility that the data measured and recorded from the
study may be so voluminous that a complete reduction and analysis of the
information would be rather impractical from the standpoint of the excessive
amount of time consumed and the nuber of personnel engaged in the activity.

15



SI

--- i i I-- -

"-I 
." t

-'1 II- - -

--- i i-~ 
- ,,



Reference s

1. ASD Technical Report 61-91, Volume II dated, July 1960. whole Panel
Control-Display Study: The Mark IV Control-Displa System.7omay
Report by Lear., Incorporated.

2. Underwood, Benton J. Experimental Psychology. Chapter XII, p. 391-398,,
19419.

3. Martin Memorandum Report 61-20 dated 31 October 1961. Mi~k IV-B
Developet Preliminary Landing Phase Profile: Miusion-Rarixlbent-
Fuctions-Task Analysis. J. E. Brown and R. W. Obenmaer.

4. Martin Memorandum Report 62-1 dated 1.2 January 1962. Mark IV-B
Development: Preliminary Landing Phase Profile: Resul~ts o Ai-
tional Efort on the Msalon- qui mn- ~ctions-Task (NFrAayis.
j. E. Brown and R. W. Obermayer.

5. Martin Memorandum Report 62-6 dated 27 April 1962. Mark IV-B Develop-
ment: Work Statement: Equiment Requirements for PreliminazMeasue-
ment of Mark IV-B Profile. J. E. Brown.

6. Flight Control Lab Work Request dated 26 June 1962. Psco~ia
Equipment Evaluation for Hypersonic Space Simulator. JonVertrees.

7. Martin Work Request dated 3 December 1962. Installation. of Equipent
Items in the Hypersonic MR-l Simulator. W. L. Welde

8. Flight Control Lab Work Request dated 18 Decemtber 1962. jypersonic
Instrumentation. J. K. Charlton.

9. MII-Link Engineering Report 3.1109 dated 7 November 1961. Final Report
relating to ME-l space vehicle simulator modification.

10. Kofleman Instrument Corporation document dated 10 March 1961. Desia
and Development of Instrument Modules for Altitude, Vertical Speed,
Airspeed-Mach, and Angle of Attack-Acceleration.

17



AIR FORCE CONTROL-DISPLAY INTEGRATION PROGRAM

Martin Human Engineering Support Group
AF 33(657)-8600

MEMORANDUM REPORT 63-3

Task No. 17

To: E. Bobbett

cc; J. H. Kearns, Capt. C. E. Waggoner, Mr. E. L. Warren,
Mr. R. R. Davis, Mr. E. Vinson, Mr. J. K. Charlton,
Mr. S. G. Hasler and all members of the Martin Human
Engineering Group.

From: J. E. Brown

Subject: Some Research Variables for the Three-Axis Controller:
Justification for Further Investigation of Location, Azi-
muthal Angle, Vertical Angle, and Handgrip Variables
Associated with the Mark IV Three-Axis Force Controller.

The purpose of this paper is to suggest some critical research
areas for the Mark IV Three-Axis Force Controller and to present a
discussion of each of these areas. In discussing the variables, the
reasons for investigating each will be pointed out. It is hoped that
the information contained herein will be of use in selecting the
appropriate experimental design to be used to investigate the inter-
relationships of the proposed variables.

Introduction

The three-axis force controller which will be utilized in the Mark IV-B
cockpit is a most unique type of control device. At present, very little
empirical data is available concerning performace using this particular
controller. To date, one study has been conducted to develop a techinque
for setting the gains or control sensitivity for the controller. As a
result of this study, several problem areas requiring additional analyt-
ical and empirical research efforts have been indicated.



Perhaps the more prominent of these research areas, and one to
which this paper addresses itself, are the problems of location, vertical
angle, and handgrip variables. Location refers to the placement of the
three-axis controller in the Mark IV cockpit. The term vertical angle
refers to the tilt of the control post from the perpendicular. Finally,
handgrip variables refer to types of handgripa, such as palm-down and
upright (pistol grip) handgrips. Before these variables are discussed,
however, it would be useful to present some information about the three-
axis controller.

Mark IV Three-Axis Force Controller

The three-axis controller referred to in this paper appeared
initially as a concept in the Mark IV final Report (7). This concept
was refined and developed until finally a usable proportional three-
axis force control device was fabricated by Lear-Siegler, Inc., Grand
Rapids, Michigan. In its present form, the Lear three-axis controller
consists of the mechanism and handgrip shown in Figure 1. The handgrip
is a shaped grip, and is used with the right hand placed in a palm-down
position over the grip. The mechanism works upon the piezo-electric
principle. Very simply, the principle is employed in the following
manner: When pressure is applied to the handgrip it is transmitted
through the control rod into the sensor unit. The control rod bends
until it makes contact with an electrically charged ceramic crystal.
Depending upon the amount of force applied, the control rod causes the
ceramic crystal to be warped so that it resonates at a frequency propor-
tional to the amount of pressure applied. Electrical pickoffs located
on the crystal sense the changes in resonating frequency and send an
electrical voltage proportional to the amount of force applied to the
control system. There is some slight control displacement (.020 of an
inch) due to the warping of the ceramic crystals and the bending of the
control rod to which the handgrip is attached. The output curves for
all three axes are reported by the manufacturer to be linear. The break-
out force for each axis is approximately 3-inch pounds. Maximum force
output for each axis is approximately 15-inch pounds. Mechanical stops
prevent the maximum safe force limit from being exceeded. According to
Mr. R. Lukso, Design Engineer of Lear-Siegler, Inc., the maximum safe
force which could be applied to the three-axis controller is as follows;

(1) Pitch Axis ................ 80 pounds of force
(2) Roll Axis ................. 80 pounds of force
(3) Yaw Axis .................. 22 pounds of twisting force
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The utility of the force controller is derived from the fact that
the control inputs are made primarily through the use of the wrist and
hand. Thus, purposeful control inputs by pilots under high "g" loadings
would not require the movement of the arm, as in the case of a displace-
ment type of control. The separation of the three axes is achieved normally
by utilizing forces applied in the following manner: (a) With the controll-
er mounted as shown in Figure 2, a pressure from the wrist in line with the
longitudinal axis of the arm will result in an output in the pitch axis,
(b) the roll axis is normally engaged by pressure applied in the direction
of the lateral axis of the arm, (c) the yaw axis is normally engaged by a
twisting pressure applied at the handgrip. Cross-coupled control is poss-
ible. The term "normally" is used here because the usual aircraft direct-
ion of motion relationships are presently employed (forward for pitch down,
aft for pitch up, right for roll right, etc.) The force relationships and
the breakout forces for each of the three axes are approximately the same.
The output function of the controller axis is changeable by merely alter-
ing the output connections.

With the above information in mind, the reader's attention is now
directed to the variables indicated in the initial portion of this paper.

Present Location, Vertical Angle, and Azimuthal Angle

Unfcrtunately, no exact specifications concerning the appropriate
location or azimuthal angle of mounting were specified for this controller.
The only specification that was made concerning the recommended mounting
position was that the device be mounted so that the control rod was at a
thirty degree angle to the right of the perpendicular. In the initial study
using the controller (1), a location and azimuthal angle were approximated
from a photograph shown in the Final Report of the Mark IV Program (I).
This photograph is shown in Figure 2. The location and position used in
the initial study are shown in Figure 3. As illustrated in Figure 2 and
Figure 3, the location and azimuthal angle are such that the direction of
control force in the pitch axis is in line with the longitudinal axis of
the vehicle or the display panel. Roll and yaw inputs are made in the
manner described earlier.

Although the reasons for mounting the controller in this fashion
are not entirely evident, it might be speculated that one reason for
mounting the controller as shown in Figure 2 was that the area in which
the control is mounted is considered to be an optimum work area as defined
by Ely, et.al. (2). In view with this supposition, it would be possible
to assume that the thirty degree vertical angle and the azimuthal angle
of the controller were specified for anthropometric and comfort reasons.
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With the location of t.he controller as shown in Figure 2, it is
almost physically impossible, without moving the body and the arm. to
have the azimuthal angle such that the direction of force applied to
the control for pitch and roll inputs would be in the same plane of
reference as the display and/or the longitudinal axis of the vehicle.
This impossibility is due to the limited mobility of the wrist when the
palm-down handgrip is utilized. By arranging the controller so that its
roll axis is perpendicular to the longitudinal axis of the forearm, the
best utilization of the limited wrist movement can be achieved. Through
this arrangement the operator has sone cue as to the direction of move-
ment for pure inputs to each axis. A wrist up-down movement is pitch,
the rolling of the forearm is roll and twisitng the wrist left and right
is yaw. In this instance the alignment of the controller with the axis
of the forearm is especially important in order to salvage any cue in-
formation, where there exists a lack of congruency between the movement
of the controller and the displays.

The thirty-degree vertical angle was probably specified because the
arm and hand are in a more natural position at this angle in the location
used.

In the initial study with the three-axis controller (1), it was
unknown whether the location, and azimuthal angle were actually "good"
approximations of the intended location and azimuthal angle was presented
in the original Mark IV design. As the study progressed, it became more
and more apparent that several factors were operating in the experimental
situation which would require further examination.

Inadvertent stick outputs were occurring, i.e., outputs were
occurring in axes where there should exist no control action. Since in-
advertent outputs are actually errors, it would follow that performance
was not optimum. An example of cross-coupling occurred in the yaw axis.
Theoretically, there should have been no output in the yaw axis since the
axis was never displayed. In addition, during the briefing pertaining to
the proper use of the controller, the subjects were requested not to use
the yaw axis. However, inspection of the oscillographic data containing
yaw output indicated that inadvertent yaw outputs did occur quite frequmt-
ly and in a number of instances were quite large. The same was true of
roll outputs when only pitch output was displayed. Although the oscillo-
graphic data was not statistically analyzed, it is thought that the amount
and frequency of inadvertent cross-coupling could not be discounted.
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Examination of the possible causes of inadvertent outputs have
yielded two possible categories of factors. One of these is a mechanical
one while the other concerns the physical location, position, and mode of
using the controller.

Due to the mechanics of the three-axis controller, it is thought
that the bending of the control rod and the warping of the ceramic crystal
could conceivably cause the user to inadvertently cross-couple into an-
other axis. This type of cross-coupling, if it was occurring, could
possibly be corrected by redesign of certain parts of the controller.

The view taken in this paper is that location, vertical angle, and
handgrip variables interacted to produce these outputs. The explanation
was suggested during the initial investigation of the 3-axis controller
and supported by the verbal comments of the subjects who participated in
that study. Further, this explanation is supported to some extent by
the existing literature (5,8) and analytical examination of the present
mounting of the controller.

In order to gather as much information as possible about the effects
of physical mounting variables upon performance, three approaches to the
problem were used. First, the present mounting of the controller was
analytically examined for possible causes of performance detriment. Sec-
ondly, the literature concerning performance as a function location,
azimuthal angle, vertical angle, and handgrip variables was reviewed.
Lastly, the writer contacted the Anthropology Section, Human Engineering
Branch, Behavioral Sciences Laboratory and requested their assistance.
Their task war to suggest the optimum location and position for the
three-axis controller in the Mark IV cockpit. The seating and cockpit
dimensions were explained. No restrictions were made as to where the
controller should be located or how it would be mounted. They were re-
quested not to change the controller but merely to locate it in an
optimem location. Here the use of the word "optimum" refers to the
comfort and the usage. Finally, they were requested to reference or state
the reasons for their recommendations. These recommendations will be
discussed later in this paper.

Location and Azimuthal Angle

Defined earlier, location refers to the physical location of the
force controller in the Mark IV cockpit. Azimuthal Angle refers to the
horizontal positioning of the controller in a given location. Azimuthal
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Angle is measured from a line paralleled to the display panel extending

horizontally through the center of the location of the controller. Chang-
ing the azimuthal angle of moutning will change the direction of control
forces required to achieve an output in the pitch and roll axes. For the
purposes of this paper, it is thought that a further discussion of azimuthal
angle will not be necessary due to the dependent relationship between
azimuthal angle and location. Moreover, in further discussing the variable
of location, this dependent relationship will be assumed.

In a previous section of this paper, it was stated that, with the
three-axis controller, the direction of force presently required to make
a control output in the pitch axis is not in line with either the display
or the longitudinal axis of the vehicle. In the Mark IV, the longitudinal
axis of the vehicle is represented by the longitudinal axis of the cockpit.
Although the control motions, relative to each other, are the same as those
used in present aircraft controls, forward for pitch down, right for roll
right, etc., the orientation of these control motions is different. In
the usual aircraft situation, pitch control is in line with the longitudinal
axis of the vehicle and roll is in line with the lateral axis of the vehicle.
However, in the Mark IV, pitch control is in line with the forearm which is
aligned at an oblique angle to the longitudinal axis of the aircraft. Due
to the thirty degree vertical angle and the location of the controller, roll
axis control is aligned with the lateral plane of the hand but oblique to
the lateral axis of the cockpit. How this arrangement of the pitch and
roll axes affects the control-display relationships with which pilots are
familiar, is not known. However, interpreted in terms of the existing
literature, it would appear that the Mark IV control-display relationship
may not be optimum in terms of performace. Examination of Lear Engineering
Reports did not reveal any information concerning the affects of location
and mounting variables upon performance with cmtrols. Therefore, other
sources of information concerning these variables were examined.

In a very excellent review of studies of control-display relation-
ships, Narva (2) states, "The following statements may be advanced as
being the ruler rather than the exception; (1) Subjects bring with them
into the experimental situation certain response preferences, expectations,
or 'stereotypes' which make them expect movement of the display element in
a certain relationship to movement of the control, (2) These response
tendencies are due to the prior perceptual-motor experience of the subjects,
(3) The expectation that a certain display-control relationship will hold
is more apt to manifest itself in differential performance when the control
and the display element move in the same plane, (4) Performance generally
is facilitated when there is congruency both in plane and in direction of
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the movement of the display element and the control, (5) Performance may
not be influenced by the variation in display-control relationship if the
task is not too difficult and the subject can readily adopt the 'set' re-
quired by the experimental situation, (6) As the difficulty of the task
is increased, the subject is more apt to deteriorate in his performance
level as a function of the use of a control-display relationship which is
not in keeping with his natural response tendencies."

There is a great deal of support for these principles of control-
display relationships in the literature. In a review of several studies,
Ely et.al. (3) states, "The direction of movement of the control should
be consistent with that of the controlled object of display." In another
review of control-display relationships, Ely, et.al. (2) states, "Direct
movement relationships should be used whenever possible, particularly
when they result in vehicle movement. Thus, a movement of the control to
the right should result ia a movement to the right...., "right turn or
right bank of the vehicle." Humphries (1), in reviewing other studies
of control-display relationships, echoes much the same statement. He
states, "The movement of the control should be in the same plane and in
the same direction as the resulting display movement in order to obtain
the highest performance level and the fastest learning."

One study which is directly relevant to the present variables is
a study reported by Humphries (1) in 1958 and abstracted by Narva (2).
The purpose of the study was to investigate the affect of control-display
movement relationships, position of the operator relative to the control,
and the plane of movement of the control on performance on the Toronto
Complex Coordinator. This device consisted of a display panel which
contained 81 light assemblies, each of which was a green light surrounded
by a red light. The task of the subject was to match the location of a
red light with a green light. An aircraft-type control stick was used
by the subject to move the green light. The control was tested in both
the vertical and horizontal plane of movement. The hypothesis was:
"performance would be improved if the relationship of the control and
display were congruent in both the vertical and horizontal axes of move-
ment. In the horizontal axes of movement, congruency was possible between
the display and the control movement in the horizontal direction. However,
only partial consistency of control and display movement was possible in
the vertical direction. It was concluded that performance was not signi-
ficantly affected by the orientation of the control.
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Four different control-display movement relationships were formed
by changing the relationship in both the vertical and horizontal axes of
movement. "In the condition where the operator directly faced the control
and the display significant difference was observed when display-control
movement relationships were reversed while maintaining the same axes of
control movement. In the vertical plane of movement, performance was
smperior when the control moved up to move the display element up and
moved right to move the display element right. In the horizontal plane
of movement, this superior sensing condition becomes forwards-for-up and
right-for-right. Additionally, there was an interaction between the
orientation of the operator relative to the control and the control set-
tings. However, for the superior or more 'natural' display-control
movement relationship, performance was best when the operator faced the
display.' (8)

Actually, the results of the study by Humphries (2) do not tell us
very much about what happens to performance when the direction of motion
for a horizontally mounted control is oblique to the direction of motion
of the display. However, the results do lend some support to the argument
that"performance generally is facilitated when there is congruency both in
plane and in direction of the movement of the display element and the
control". (8)

There are exceptions to the principle of congruency of control and
display movement. Among the most notable of these exceptions occurs in
aircraft. The control of pitch, for example, requires a forward or rear-
ward movement of the control rather than an up or down movement. However,
this is more of a learned response because the use of a floor-mounted
control stick negates the use of fully congruent control-display relation-
ships. It should be noted that normal pitch control movements are perpen-
dicular to, and in line with, the longitudinal axis of the aircraft.
Normal roll control movements are made by moving the control left or right
in a line perpendicular to the pitch axis and in line with the lateral
plane of the vehicle. This separation of the pitch and roll axes is
achieved in the Mark IV three-axis controller but the movement relation-
ship of the control axis and the vehicle axis is not achieved because of
the oblique position of the controller.

Handgrip

The palm-down shaped handgrip used on the Mark IV force controller
is a very unique type of handgrip. The use of this type of handgrip, in
comgination with the location presently employed in mounting the force
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controller in the Mark IV cockpit, requires that the vertical angle of the
controller be tilted thirty degrees from the vertical to that a more natural
position of the forearm is achieved. It ia, because of this relationship
between the palm-down handgrip, the location and the vertical angle, that
the control-display direction of motion relationships of the controller
are questionable in terms of performance.

The inclusion of handgrip as a variable was done for several reasons.
First, the effects upon performance of using a palm-down grip as opposed
to using an upright or pistol-grip type of handgrip are not known. Most
control stocks, including side-stick controls, for the aerodynamic control
of aircraft, utilize the upright type of handgrip, either in the form of
a 'pencil'grip or a 'pistol' grip. Control yokes, which require the use of
two hands, utilize the same principle.. .the hands are in an upright position
with the palms of the hands turned inward. This position is selected
primarily because it is confortable, allows maximum use of the strength
of the individual, and is the condition that pilots are most familiar with.
In the case of side stick controllers, the palm-in position allows freedom
of movement of the wrist and hand so that less total arm movement is re-
quired. Since the effects of the use of a palm-down handgrip are not
known, it is thought that the collection of data concerning this type of
handgrip in comparison to an upright or other type of handgrip would be of
value.

Secondly, it is suspected, on the basis of analytical examination
of the controller location and mounting utilized in a previous study with
the controller (1) that the palm-down handgrip may result in more cross-
coupling inputs than would be present with an upright handgrip. In the
first study, yaw outputs, which were inadvertent inputs, were achieved by
a twisting motion of the handgrip about the center post of the controller.
The application of a twisting force is a relatively simple motion with a
palm-down type of grip because of the leverage that exists with this type
of grip. For example, by applying a pushing pressure with the heel of the
hand toward the display panel and a pulling pressure away from the display
panel with the index fingers and thumb, a yaw output is achieved which
requires very little strength. Yaw output might also be achieved by
applying pressure to only one side of the palm-down handgrip thereby allow-
ing the handgrip to pivot around the control post. The application of
torque to the upright grip (pistol grip), however, depends more upon
strength than upon leverage. In this case, the full hand must clasp the
grip and the twisting force must be applied uniformly by the entire hand.
In making an analytical comparison of the two types of handgrips (palm-down
versus upright), it would appear that if outputs in the yaw axis are more
difficult to achieve with the upright grip, then the probability of cross-
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coupled outputs occurring in the yaw axis is reduced.

Thirdly, the recommendations made by Mr. K. Kennedy, Anthropology
Section, Human Engineering Branch, Behavioral Science Laboratory, con-
cerning location and moutning of the force controller in the Mark IV
cockpit, suggest that an upright type of handgrip be utilized. (6) For
the readers information, a copy of Mr. Kennedy's recommendations is
attached to this report. Very briefly, it was recommended that the three-
axis controller be relocated to the right side of the operator so that
the forearm and direction of force for pitch control are in line with the
longitudinal axis of the cockpit. This location places the force contro-
ller in essentially the same location as conventional side-stick controll-
ers. With respect to mounting the force controller in this location,
Kennedy explains , "The orientation of the controller itself at the
recommended location is such that manipulation coincides with the movement
of the craft. Insofaras absolute comfort is concerned the grip should be
grasped with the forearm rotated to a point where the hand-grip axis is
parallel to the long axis of the upper arm (about thirty degrees to the
left). Such orientation, however, would not coincide with the fore-aft
vertical axis of the craft. I recommend, then, that comfort be compromised
slightly and that the three-axis be oriented nearly parallel to the vertical
(z) axis of the craft.

The y-axis "(Lateral axis)" of the controller, however, is depressed
such that forward of the axis point it is depressed nine degrees, and to
the rear of the axis point it is elevated nine degrees. This is recommend-
ed to acccmodate to the normal grip axis of the hand, which is not perpend-
icular to the axis of the forearm, but depressed by this amount toward the
under side of the forewarm.

In short - the orthogonal planes of the controller remain intact,
except that the system is rotated nine degrees, top forward. This depresses
the forward aspect of the x-y plane "(lateral-longitudinal)" elevating
its rearward aspect. The x-z plane "(lateral vertical)" is rotated nine
degrees forward along the x-axis. The y-z plane (Lcngitudinal-vertical)
remains vertical, although rotated forward along the z-axis."

Figures 4 and 5 show the recommended mounting position of the contr-
oller. In translating the remarks of Kennedy into practical terms, he has
recommended that an upright handgrip be utilized. In fact, by using an
upright handgrip, the same end result may be accomplished without rotating
the controller on its side as shown in Figure 5.
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Finally, the variable of handgrips should be considered because it
is mentioned as being an aspect of the three-axis force controller with
which users of the controller are least satisfied. This statement was
supported by comments made in the initial controller study (1) and per
personal communication with the designer of the controller. Mr. R. Lukso,
Lear-Siegler, Inc. (14) stated that the handgrip originally supplied was
not receiving favorable reaction; in fact, they (Lear-Siegler, Inc.) were
considering delivery of future controllers without the handgrip. However,
Lear has designed a new handgrip which they would like to evaluate.

Sunnary

An exams ,ation of the variables of location, vertical angle, and
handgrip indicate that there is excellent Justification for an experi-
mental investigation of the effects of each upon performance using the
three-axis forte controller. There is relatively little information at
present concerning the effects upon performance of any of these variables..
let alone their possible interaction effects.

Recommendations

In view of the foregoing comments, and in an effort to obtain
basic information about these variables, it is recommended that any
experimental investigation should concern itself with different levels of
all three variables in all possible combinations. It is thought that suchl
a study would yield a maximum amount of basic information concerning general
principles of location, vertical angle, and handgrip variables, and would
also furnish specific evidence concerning where the present three-axis
controller should be located and how it should be mounted. The levels of
each of the variables recommended for experimental investigation are in-
dicated below.

Location

It is recommended that three different locations be studied. One
location should be one which closely approximates the location recomnended
in the Final Report of the Mark IV Program (7). The second location should
be the one recommended by Kennedy (6). The third location should be one
which is approximately half way between the other two locations. For all
three locations, it is recommended that the azimuthal angle agree with each
location so that the hand is always in line with the longitudinal axis of
the forearm.
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Vertical Angle

An examination of the vertical angle, location, and palm-down
handgrip as these variables presently exist in the Mark IV cockpit,
reveals that the vertical angle may be reduced by moving the location
of the controller more toward the right side of the cockpit in line with
the shoulder of the seated individual and the longitudinal axis of the
cockpit. Thus, since three different locations were recommended for
study, it will be necessary to utilize three different vertical angles,
each of which will agree with one location. The three recommended vert-
ical angles are thirty degrees, fifteen degrees, and zero degrees.

Handgrps

Up to now, the discussion of handgrip as a variable has centered
about palm-down versus upright (pencil and pistol grip) types of hand-
grips. However, in utilizing both of these types of handgrips, congruency
of display-control movement relationships is still not achieved. That is,
rather than an up-for-up, right-for-right movement of the control, the
control-display movement relationship. Thus, only partial congruency of
display control direction of motion relationships is achieved.

It is thought that because so very much information is needed con-
cerning control-display relationships with the force controller, it would
be desirable to investigate the effects of location, vertical angle and
handgrip variables under conditions of full congruency between control-
display direction of motion relationships. One method of achieving fully
congruent relationships would be to mount the controller horizontally
beneath the armrest in the Mark IV cockpit, and use a flat planar type of
handgrip upon which the hand would be rested. By placing the hand over the
flat surface in a palm-down fashion and grasping the edge of the flat sur-
face, the control may be moved up for pitch up, and down for pitch down.
Roll maneuvers are performed by tilting the hand either to the left or to
the right depending upon the desired aircraft roll direction. Yaw maneuvers
are performed by side to side movement of the hand in the desired yaw direct-
tion. Thus, full consistency of control-display motion is achieved. The
changes in the wiring connections that are required are that the normal roll
axis of the controller be connected for yaw output and the normal yaw axis
be connected for roll output. The pitch axis would not be changed. In
recommending the investigation of fully congruent direction of motion
relationships, it is thought that in addition to giving consistency of
control-display direction of motion relationships, the flat planmr surface
handgrip, will furnish the subject with additional cues about the proper
direction of control forces.
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It is recommended that three different handgrips be investigated.
These are as follows: (1) the present three-axis controller handgrip,
(2) an upright type of handgrip---either pencil grip or pistol grip and,
(3) the flat planar surface handgrip described above. The use of the
three handgrips, in combination with all possible combinations of locat-
ions and vertical angles, should furnish information concerning:

1. Palm-down versus upright versus flat planar surface handgrips.
2. Partial congruency versus full congruency of control-display

direction of motion relationships.
3. The effects of location and vertical angle upon performance

with the three types of handgrips.
4. The optimum location and vertical angle for the three-axis

controller using the present palm-down handgrip.

Finally, investigation of the three locations, three vertical
angles, and three handgrips in all possible combinations should furnish
information which will lead to the statement of principles concerning
these variables.
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APPEMDIX

Kennedy, K. Personal Communication (letter Recommendations for Location
and Mounting of Mark IV Three-Axis Controller, Anthropometry
Section, Human Engineering Branch, Aero Medical Laboratory,
Wright-Patterson Air Force Base, Ohio, February 1963.

In accordance with recommended procedures in the layout of controls,
the proposed location and orientation of the shaped, fixed side-arm contro-
ller under test is recommended to conform, when in use, to the orientation
of the operator, the craft and to the display panel.

By placing this controller 12-1/2 inches to the right of the center-
line, the axis of the operator's forearm, in most cases, may be maintained
parallel to the longitudinal axis of the craft, parallel to the direction
of travel and perpendicular to the base of the display panel. Locating it
11 inches forward of the rear edge of the forearm-rest will permit easy
access by all operators and the use of the musculature of the forearm as
a pivot for manipulation (much as in writing).

The orientation of the controller itself at the recommended location
is such that manipulation coincides with the movement of the craft. Inso-
far as absolute comfort is concerned the grip should be grasped with the
forearm rotated to a point where the handgrip axis is parallel to the long
axis of the upper arm (about 30 degrees to the left). Such orientation,
however, would not coincide with the fore-aft vertical axis of the craft.
I recommend, then, that comfort be compromised slightly and that the z-
axis of the controller be oriented nearly parallel to the vertical (z)
axis of the craft.

The y axis of the controller, however, is depressed such that forward
of the axis point it is depressed nine degrees, and to the rear of the axis
point it is elevated nine degrees. This is recommended to accommodate to
the normal grip axis of the hand, which is not perpendicular to the axis of
the forearm, but depressed by this amount toward the ulnar side of the fore-

arm.

In short--the orthogonal planes of the controller remain intact,
except that the system is rotated nine degrees, top forward. This depresses
the forward aspect of the x-y plane, elevating its rearward aspect. The
x-z plane is rotated nine degrees forward along the x axis. The y-z plane
remains vertical, although rotated forward along the x-axis.
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Varying the shape of a handgrip need not require a change in position
or orientation of the hand-am system. Basic relationships betveer, har•
and arm must be maintained within ranges wherein comfort and performance
are knovn to be high. The controller position described above permits
orientation of the forearm with the long axis of the craft and, of course,
the direction of travel. The wrist is maintained at the midpoint of total
mobility. Since the x-z and x-y planes of the controller are varied from
the vertical and horizontal to accomodate natural handgrip axis, this
orientation of the grip will likely appear to the operator to be maintained.
Biomechanical capabilities in terms of strength and control over fine ad-
Justments should not be effected.
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