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lNTRODUCTION 

To the uninitiated, "human engineering" and "human factors engineering" 
are sometimes considered to be nebulous terms. Thus·, a brief, specifically 
directed introduction to tlw topic is . app+opriate. 

Human factors engineering has QOth scientific and professional aspects 
(Pew, 1967). The science of human factors aims to understand human perform­
ance capacities and limitations and to develop theoretical models, concepts, and 
principles of human behavior that can be used to predict and to optimize human 
performance. The profession of human factors engineering aims to improve 
the design of equipment and systems for human use, and to achieve more effec­
tive utilization of man in man-machine systems. A man-machine system can 
be defined as an assemblage of elements (including men) that are engaged in the 
accomplishment of some common purpose( s) and that are tied together by a 
common information flow network, consisting, in part, of controls and displays 
for human use; the output of the system being a function not only of the charac­
teristics of the elements but of their interrelations and interactions. 

The goals of particular interest in human factors engineering are: 
1. Increased efficiency or productivity. 
2. Increased dependability or reliability. 
3. Minimum training and manpower costs of personnel subsystems. 
4. Improved safety and habitability. · 
5. Increased operator acceptance of equipment. 
6. Flexibility and adaptability to change. 

For a inore comprehensive introduction to human engineering, the reader 
is referred to Appendix A . . 

The "DALLAS" itself may be considered to be a system. On it there are 
many subsystems. Examples include the helmsman and his controls and displays, 
the Chief Engineman and his engineering control col)sole, and the lJV talker and 

, his phones. 

An in-port human factors evaluation obviously lacks insight into the dynamics 
of the system and subsystems "under way" and the conclusions drawn from any 
in-port, and therefore, generally static, evaluation must be considered in that 
light. Nevertheless, certain design features stand out and are worthy of men-
tion in this report. 

Many human factors problems were pointed out by the ship's personnel who 
had used, or attempted to use, various pieces of equipment at sea on the trip 

, from New Orleans to Baltimore. More of the information gathered. for this 
report was derived from· discussions.with the ship's personnel than from the 
actual observation of the equipment and its. operation. In an at-sea evaluation this 
would not necessarily be the case; observation of specific man-machine systems 
in operation would be preferable. 
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Tlie nature of the present report is such that it may provide relevant 
"information for personnel aboard the "DALLAS" as well as for the planning and 
design of futu:re vessels of the same (or similar) class.· Information and sug­
gestions presented p.erein are to be considered tentative since many factors 
enter into the design and selection of a particular system component in addition 
to the human factor. Furthermore, since this report is based on a short two­
working-day evaluation, it is not to be considered as inclusive, but as a sampling • 

. . 

' 

.. 

.. 



PILOT HOUSE 

Iilumination Levels • 

·One of the outstanding problems in the pilot house is illumination. The 
ship was visited only during daylight hours, but personnel aboard readily con-
tributed comments related to night operations. . 

3 

The four TV monitors, individually, or in combination, were reported to 
• generate a light level which interferes significantly with dark adaptation and 

which produces reflections on the windows (and perhaps, on the overhead) ... 
Apparently, pict"µre clarity is lost as brightness is reduced so that high bright­

. ness is required to adequately r~ad the information displayed. 

During daylight conditions there is considerable glare reflected from the • 
cover glasses of the monitors; This renders reading of the display difficult. 
Even under optimum ambient lighting conditions picture clarity was reported to 
be poor. Resolution apparently suffered from an insufficient number of scan · 
lines per inch and, more importantly, from camera vibrations. The mountings 
that hold the several cameras nee<;I better structural reinforcement. 

There are several methods by which these particular illumination problems 
might be alleviated, but it appears significant to question first the desirability. 
of installing the monitors in the pilot house. Do they perhaps present too much 
or too detailed information for personnel in the pilot house? Are they superior 
to the .presently installed telephone systems? Technological capability to present 
complex visual information does not insure that it is valuable or that the observer 
will be able to receive it, assess it, and use if efficiently. It was noted that one 
of the monitors would display helicopter operations on the fantail. How much 
information concerning these operations is actually required in the pilot house?* 

· If there is clear justification for the type of information that the monitors 
were designed to present, various methods might be used to overcome the 
inherent viewing problems. For daylight conditions, there are glare reducing 
filters commercially available** for high contrast displays. These filter:s absorb 
ambient light and prevent reflections back to the observer's eye. For night con­
ditions, high transmissivity red filters, plac~d over the screens might be utilized. 
Viewing hoo'ds such as are currently used on radar scopes might also be used. 
This however, would destroy the· dark adaptation of the viewer. If it is necessary 
that he maintain his adaptation, a combination bf hood and red filter seems 

• appropriate. 

* There is presently a helic~pter operations display system under development 
'in the Air Force Fiight Dynamics Laboratory at Wright-Patterson AFB which will 
electronically generate, on a 3" CRT; a dynamic picture of a helicopter in its 
landing (or takeoff) phase. With appropriate modifications, this display could be 
utilized in the pilot house of a ship (Bertram, 1967). It would eliminate the need 
both for a large TV monitor and for a cameraman." 

** Huyck Systems Co., Huntington, N. Y. 
~olaroid Corporation, Arlington, Va. 
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There. is, justifiably, a definite resistance to a preponderance of red 
·. (and, white and green) lights in the pilot house. · One or.more of these lights 

could easily reflect back froni the windows and produce the disconcerting . 

4. 

. impression that another ship was nearby. This reasoning apparently was respon­
sible for the statement in the specifications ( f?ection 24, Ship Control) concerning 
the pilot house control console: '~Lighting for the pilot house console shall not 

. be red, green, or white." A combination of viewing hoods and red filters then, 
where the hoods shield the red light from sur.rounding ·areas, would act to solve 
the ';rV monitor viewing problem. In.addition, the use of the hoods during day­
light would preclude the necessity for glare reduction filters. 

. One might well question the specification cited above; certainly in practice 
it has been violated. There are, in addition to blue and rellow warning ~nd 
indicator lights; red, green and white lights on the console. These lights should 
be provided with shields to preV"ent their reflecting from the windows. Also, the 
means by which their intensity can be varied should be modified so that lower 
levels of brightness can be achieved. (It was reported that warning and 
indicator light luminance levels could not be reduced to a satisfactory level to 
maintain adequate dark adaptation.} . 

Ex:perimentally, it has been shown that blue, yellow, green and/or white 
lighting produces more of a decren].ent in dark adaptation than does red lighting. 

· However, the decrement depends on intensity. If the level of illumination is 
. low, the difference will not be large (Smith and Goddard, 1967). In view of 
the tradeoff with the advantages offered by color coding, a small additional 
decrement in dark adaptation seems tolerable. The magnitude· of the difference 
will be largely a function of a given observer's task and the period of pre­
exposure to the light source( s). In general, if an observer's task in the pilot 
house consists primarily of scanning (as opposed to fixating) dimly illuin:inated 
displays that are situ~ted throughout the pilot house, his dark adaptation will 
not suffer appreciably if the illumination is provided by sources other than red. 
If, on the other hand, his task is primarily to monitor a specific display, or 
sets of displays, these are best illuminated with red light. The helmsman 
exe~plifies the type of observer ref erred to in the latter case. The most · 
efficient use of red illumination ~s where the luminance levels for visual tasks 
are high, such as the quartermaster's desk, the chart room and the TV monitors, 
and w~ere there is concern over the individ'l\al 's dark adaptation after leaving 
the illuminated area (Smith & Goddar~, 1967) . 

Another relevant variable is area of illumination. Color of illumination 
should not be considered independently of the area illuminated since both factors 

• influence dark adaptation. With this in mind, it was noted that tell-tale lights 
in the pilot house were close to 3/ 4" in diameter. It would appear that ·this 
diameter could be reduced considerably. 

In addition, to optimally minimize illuminated areas, indicators should be 
transilluminated whenever practicable (Morgan, et al., 1963). Transilluminated 

. displays are those which are illuminated from behind and only. alpha-numerics, 
pointers, and graduations· are lit. 
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Finally, while warning lights are lit concomitant with audible alarms it 
·seems reasonable to look into the possibility of modifying the warning light 
c::ircuitry sucll that when a light goes on it flashes until an observer takes correc­
tive action. Flashfag renders the iight more detectable and also reduces the 
total amount of visual stimulation. · 

Bow Propulsion Unit 

Reportedly, there was some operator difficulty experienced in the bow 
·propulsion control-display situation.· The design of this system, with stated 
objectives of precision control of the ship's position clearly required a consider­
able amount of thought. Based on an in-port evaluation, it is impractical to 
discuss how optimal this system is from a human factors point of view. · Obser­
vations during maneuvering are necessary. The follo\Ying, therefore, is in the 
nature of illustrative conjecture·. · 

In the evaluation of the controls and displays of this unit, the point of. 
analytical origin sliould be with the watch officer's command to the unit's operator. 
Perhaps this command should be standardized, as are other commands in the · 
pilot house, and the control-display configuration modified as necessary so that 
the operator can most efficiently follow the command. If the command is to change 
the ship's heading, right or left to x 0

, the primary display should be heading with 
·secondary displays consisting of main shaft RPMs, bow propulsion RPM and 
relative angle, where the latter is the angle between the bow propeller's shaft 
and the ship's longitudinal center line. If the command is to bring the unit to a 
certain angle and speed, then· bow propeller RPM and relative angle should be 
the primary displays. 

The design and types of operator controls for this unit require some 
preliminary questioning. There are apparently two methods by which angular 
ship's· motion may be induced with the unit; the speed of the propeller may · be 
varied, or, s!nce the unit may be rotated through 360°, the relative angle may 
be varied. Are both methods of angular motion control necessary? Offhand, it 
seems possible that if both are manually used simultaneously, there is ample 
opportunity for operator confusion to arise. Would two speeds (full and half) 
be sufficient? A single, variable control for relative angle and a detent switch 

• for propeller speed would seem to make both command information and operator 
response less complex. . ' 
Rudder Control 

The rudder control handle was noted to overhang the side of the control 
• console by a few inches. During rough weather and/ or high activity in the pilot 

house, this control, as presently situated, is susceptible to accidental movement. 
Consideration shoul~ be given to installing a shield or perhaps a trigger arrange­

' ment to prevent inadvertent movement of the handle. 

The scales of desired rudder angle and course change on the rudder control 
are situated such that the operator must lean forward and over the control handle 
to see the pointer on the scales. Since the operator's vision is generally directed 

. forward to .. the steering compass,. this design would seem to result in an uncom­
fortable position. While it does not appear neces~ary to confine, within the same 
visual field, the steering compass and the desired course change ~nd rudder 
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· angle scales, the scales should be located such that the operator does not have 
to bend over and such that he can easily shift his vision back and forth with no 
more than head and .eye movements. · 

. Depth Indicator 

The ~epth indicator, located forward over the windows, warrants discussion, 
if not modification. From a human engineering point of view, it is poorly 
designed. The most prominent feature of the present display is the circular 
dial face which does nothing more than relate the names of the device and the 
manufacturer. This may in fact be distracting to the viewer. This information 
is actually more readily apparent than the indication of depth in fathoms o:>; feet. 
Whether the display is reading in fathoms or feet is also difficult to discern, 
especially at night. 

Since depth is a vertical, lil).ear concept, a vertical scale display might 
be easier to read and interpret. Depending on the degree of reading accuracy 
required, a vertical scale display might not have to be any longer from top to 
bottom than the diameter of the existing circular dial. 

The reading accuracy requirement for this display should be determined . 
from the shipboard personnel who need depth information. Once this require­
~ent is established,. the overall size and then the ·most effective design of the 
display can be ascertained. 

Audible Alarms 

. Audible alarms in the pilot house which signal the function or malfunction 
of equipment do not indicate whether a particular unit is located port or star­
board. Personnel in the pilot house must refer to associated lights on the con­
trol console which do indicate the unit's location. It remains to be deter.mined 
by Coast Guard officials whether or not this technique presents alarm infbrmation 
optimally. · 

There is a potential method, howeve~, by which the audible alarms may be 
pulse coded such that the listener will be immediately cognizant of the equipments 
location, port or starboard. When an alarm sounds, instead of producing a con­
stant buzzing or ringing, · it could be modified electrically to generate pulses. 
Consistent with standard shipboard numbering, a series of slngle buzzes or rings 
would signal st;irboard, and a series of double buzzes or rings would signal 
port equipment. The operator then could make his decisions concerning correc­
tive action while he was enroute to the control console instead of having to 

. ·wait until he could get to it. This might save valuable seconds. The degree .of 
•operator acceptance of an· alarm option like this on the "DALLAS" might best 

determine its usefulness on later ships. 

1 Pilot House Catwalk 

It was reported that the catwalk and shield forward of the pilot house· are 
to be removed. This modification will reduce or eliminate the partial occlusion 
of the foredeck area as is presently the ca$e. However, it will also prevent 



access to the pilot house forward bulkhead and windows from the outside. This 
·may or may not be a problem, depending upon-the provisions available for such 
activities as window cleaning, windshield wiper maintenance, etc. ' under 
steaming conditions·. 

Floor Mats 
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. The rubber floor. mats on the pilot house deck were reported to be quite 
sldd-proof in normal conditions. However, water or other liquids inadvertently 
spilled on ·the mats might result in a siippery situation. If it has not already · 
been accomplished, a simple test with one of the ship's crew (wearing a new 

: pair of shoes) and a spilled glass of water could be used to determine how slippery 
the mats become under those conditions. If in the opinion of shipboard p~rsonnel, 
the mats are excessively slippery, procedures to keep them clean and dry should 
be stressed. Ideally, in this event, recommendations to change the texture of 
the mats should be made. 

•. 
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BRIDGE WING 

The layout of controls and displays on the bridge wing was noted to be less 
than· optimal. Design engineers apparently had problems fitting a considerable 
amount of equipment into a small space. 

Main Engine Propulsion Controls 

These handles, which are mechanically linked to those in the pilot house, 
should be designed with les.s slack in the linkage. The handles wer~ also .. reported 
to be too stiff. If an operator who is accustomed to using the pilot house controls 
is going to use the bridge wing controls with equal effectiveness, they should be 
functional duplicates of each other. 

Rudder Control 

The bridge wing rudder control, when compared to that in the pilot house, 
provides a situation which increases the probability of human error. In order 
to change course w·ith the bridge wing rudder control, its lever must be moved 
in a direction opposite to_ that required with the pilot house control. This 

. control reversal might easily be forgotten in the stress of maneuvering and 
should definitely be corrected so that the two controls are made directionally 
compatible. 

Steering Compass · · 

This instrument, on the bridge wing, is located such that it stands directly 
behind an operator at the control console. In order to steer from the bridge 
wing, an operator must continually turn around from a position facing the control 
and console (forward) to one facing the compass (aft). This situation also 
provides for .increased probability of human error and should be corrected if 
efficient steering from the ·bridge wing is to be _accomplished. 

Instrument Lighting 

Lighting for instruments on the bridge wing was reported to have two levels: 
''bright and very bright." Since this is an area where dark adaptation is required, ' . these instruments_ should be red lighted and provided with continuous (to zero) 
lighting controls. They should also be fitted with shields so that their light 
cannot be seen from the pilot house. · 

: . ~ 
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ENGINEERING SPACES 

Engine Room Control Booth· 

The control booth seemed, in general, to include m~ny good design features 
and to generate a fairly high degree of personnel acceptance. Certain features, 
however, require further consideration, additional testing and/ or modification .. 

Overhead· Gauge Board. · One. of_ these ieatures is the lower right corner 
of the overhead gauge board. This corner is situated low enough and near 
enough to the ·entrance door to be a definite safety hazard. The ship'.s force had 
·made arrangements to have the corner padded and probably painted brightly. 
Specifications fo.r future vessels should refer to this hazard to prevent its 
recurrence. 

There was some disagreement noted concerning the utility of the informa­
tion presented by the gauge board. The question of whether this information 
should be qualitative (e.g. on-off, high-medium-low, hot-normal-cold) or 
quantitative, as it presently exists, remained unanswered. There are several 
people stationed in the control booth who use the information provided by this 
display, but each needs different kinds or amounts, depending upon the nature of 
hi·s task. The present display design makes check reading or the acquisition of 
·dichotomous or qualitative information difficult. Without full knowledge of each 
observer's task and need-to-know, it is not appropriate to suggest major changes 
in the design of this display. On the other han~, there is a relatively simple 
method of improving the display for enhancing qualitative reading, should this 
be felt necessary. Differently colored and/or striped tape, placed over individual 
dial faces could be used to define, for example, hot, normal and cold zones. 

The gauges are standard marine temperature and ~ressure indicators and 
their legibility is optimal at the standard 28" viewing distance. They are, there­
fore, difficult. to read to all observers except those standing immediately in 
front of the control console. With this deficiency in mind, the ship's force 
installed under each gauge on the board a label plate which, in sufficiently large 
letters, related the nature of the information displayed. To an observer more 
than 28" distant from the board, the nature, if not the exact quantitative reading 
of the information, then became more readilf apparent. This modification 
should not have been a ship's force item. The readability requirements for the 
gauges should have been considered before their ins.tallation. 

There was insufficient time to evaluate the functional location of the 
• gauges on the board and console, but this should be attempted if it has not already 

been done. That is, those gauges that are used primarily for monitoring equip­
ment performance, ·such as lUbe oil temperature and pressure, are best located 

•
1 

up on the board. Those gauges ·or other types of indicators that are viewed by 
an operator while he is starting, stopping or otherwise controlling a specific 
piece of apparatus should be located within the same visual field as the control. 
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Ship's Service Generators Switchboards. The positioning of the ship's 
service generators switch boards might also be questioned. As presently installed, 
these two bounds are positioned longitudinally, face to face, : with space between 
for one or more ope·~ators. However, an individual operator cannot see the face 
of one board while looking at the other. This may or may not be a disadvantage. 
Operating procedures and requirements would determine how advantageous it 
might be to turn each board 90 degrees so that they faced forward. Repositioning 
of the board would, at least, result in an increase in accessible floor space. 

Battle Lanterns 

In general, the engineering spaces, as well as other spaces through~ut 
the ship, seemed to be well fitted with battle lanterns. However, it was not 
apparent whether their utility had been tested under actual d3:rkened conditions. 
Will they provide enough light in "the right places when used? Will the light, 
either direct or reflected, blind or otherwise interfere with the performance of 

· personnel? In othe~ words, has the optimum location of battle lanterns through­
out the ship been empirically ·established? The actual ne.ed for these light sources 
will most likely be infrequent, but the need, when and if it arises, will be during 
a period of high operator stress. Their locations then, are a critical item. 

Port Ship's Service Generator Gauge Board 

This gauge board, located on the port side of the engine room, adjacent 
to the port gas turbine, seems to be poorly designed. In order to see all of the 
gauges simultaneously, an observer must stand back at a viewing distance which 
~rings his head very close to, if not in contact with, the port main propulsion 
diesel engine. · 

No hand-hold provisions have been made in this area and the manual record­
ing of readings is no doubt trucing and therefore prone to e.rrors. In rough seas 
it would not be uncommon for an operator to be thrown against the engine's hot, 
uninsulated manifold flange which is located opposite and below the gauge board. 

If this board must remain in its present location, hand holds should be 
provided. Consideration should be given to using smaller guages and making this 
display more compact. · 

Gas Turbine Access Doors 

Turbine access doors were noted to be heavy and free to swing uncontrolled 
when not latched closed. As presently installed, these doors are capable, in 
rough seas, of causing personal injury and/or ·equipment damage. The ship's 

• force had made arrangemen.ts to provide means to secure the doors while in an 
open position, but this provision should have been incorporated at the design 
stage. 
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ADDITIONAL COMlVIENTS 

. 
Flourescent Lighting Fixtures 

In general,' overhead flourescent lighting_ fixtures, throughout the ship's 
living and operating spaces, seemed to be too numerous. The pilot house, the 
ward room, and the C. O. 's stateroom are pr1me examples of the apparent over'"'.' 
installation of fixtures. They will present a time consuming task when bulb 
replacement is required. In addition to being numerous, the fixtures are not 
easy to disassemble for access to the bulbs. 

Communication Systems 

The locations of telephone· systems throughout the ship seemed in many 
cases to be poorly situated. The Executive Officer, for example, could not 
reach his phone while he was seated at his desk. Operators at the engine room 
control console had similar problems. In the pilot house, operators were 
required literally to kneel on the deck to use the radio phone unit. 

Minor Personal Injuries 

A brief perusal of the sick bay log revealed that many of the crew members 
were suffering cuts and abrasions from the sharp edges of newly installed equip­
ment. The ship's galley seemed to contain most of this equipment. Apparently, 
rough and sharp edges had not been smoothed over or adequately protected prior 
to installation. The "HAMILTON'S" sick bay log, since it spans a greater 
period of time, may be even more useful in isolating safety hazards of this 
nature. 

' 

- ' 

;~ 
! 
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ESTABLISHING DESIGN CRITERIA 

. The reader will have ~oticed the frequent references to the dependence of 
equipment design and layout decisions on the nature of, and the environmental 

· conditions surrounding, the operator's tasks. During the inspection it became 
apparent that in some cases design engineers had not been particularly cognizant 
of this dependence. The directional reversals in the steering controls on the 
bridge and the inadequate gauge board legibility in the engine room control booth 
are prime examples of this. Su~h problems,of course, are not peculiar to the 
Coast Guard. 

However, .there are procedures available which are used by trained human 
factors analysts that can provide valuable criteria for the design engineer. These 
procedures have been used in the U.S. Navy (Channell, 1950) as well as in the 
U. S. Air Force (Christensen, 1948) • Channell 's report is available from DOD 
by AD Number (See references) . . A copy of Christensen's report appe~s in 
AppendixB. 

. . 
The operator analyses presented in these reports are flexible and can be 

adapted to the specific situations existing on board the "DALLAS." They permit 
.observation of overall multi-man-machine systems as well as individual analyses 
. of such basic, but important, tasks as thos.e of an engineman 's rounds in the 
engineering spaces. 

In its operational stage, the "DA~LAS" can present itself as a "human 
engineering laboratory" undergoing analyses lik~ these without in any way 
impairing its mission. Resultant conclusions and recommendations from the 
analyses will be applicable to the "DALLAS" and the succeeding vessels of her 
class. In addition, the human engineering experience gained will, in general, 
be transferable to other classes of vessel. 

Since the Coast Guard does not have an in-house human engineering group; 
it would do well to have work like this done on a contractual basis. There are 
commercial organizations which furnish these services. However, in o~der to 
obtain optimum results, an in-house human factors contract monitoring group 
(or individual) would be most desirable. Assistance in establishing a group of 

' this nature could best be supplied by the Navy where system missions are most 
nearly similar to those of the Coast Guard. 

.. 
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HUMAN ENGINEERING IJ."'{ THE AEROSPACE AGE 

.Julien M. Christer..sen, Ph.D. 
Melvin J. Warrlck, Ph. D~ 

Human Engineering Bran.ch 
. . Behavioral Sder.ces Laboratory . 

6570th Aerospace Medical Research Laboratories 
. W~ight ... Patterson Air Force Base, Ohio 

~at is 11huinan enginee ringn? Why and how did it originate? What 

are some of ~ts past accomplishments? What are its prospects for the 

future? These· are some of the questions which this article will attempt to 

answer. 

With respect to the first question, 11 What is human engineering?" 

it is the development o:f the specific information regarding man's physical, 
. . 

physiological. and psychological characteristics that engineers must have to 

design effe·ctive man-machine systems • . Engineers receive considerable 

theoretical and practical training in fae physical sciences b·ut receive little 

if any instruction with respect to those characteristics of man th.at might 

~ak~ their equipment easier and sa!'er to operate and maintain. Fortunately 

one outstanding characteristic of man, the use:r, keeps this situation from 

developing into complete chaos. This characteristic is his adaptability~ 

including his· ability to learn and to profit from past experience. 

But adaptability is not enough to cope with present and future complex 
' 

systems. By the end of World War II it appeared that the abilities of even 

our best men, receiving the finest of training, wocld be inadequate to keep 

" pace with engineering progress. For example, some questioned whether or 

·not man ever could handle aircraft faster than the F-51. Yet, a few years 

later, Captain Yeager flew the X 0 la at 16~2 miles per hour~ ···Today,_ rendez-

vous betwaen vehicles travellir.g over 17, 000 miles per hour is being seriously 

,· 
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considered. What happened in the meantime? Essent:.ally, a new attitude 

·developed towaz:d man as a system component. Wh~reas a decade ago some 

engineera were dedicated to a: getting man o·~t of the system::, we r..ow ·find 

that the missions contem.plated for the L.ear and distant f~t~re can only be 

accomplished wlth mar...' s intelli.gence in the vel:-.lcle and in the ground sy::;tem 

supporting the vehicle. General Shr~ever in an AF Information Policy Letter 

dated 1 January 1962 has put it this way " ••• basicallyi1 tl:e requirement for 

man in space is the same as the requirement for man "in any other realm of 

military operations. No ~ac!--.J.ue can replace him. He is unique in :his ability 

to make 'judgments, to exercise control, and to cope with unforeseen sit-aa ... 

tions. 11 F. C. Durant, III, · former president of the A:rnerican Rocket Society, 

testified as· follows before the 86L'?i Congress of the United States, 11Pound 

per pound, automated equipment wlll never be able to compete with man whe-=c-

judgment is to be exercised and unanticipated :facts are to be recorded ar..d 

transmitted. Another role to be filled by man in space is that of repair and 

maintenar~ce • • • 11 ·Brigadier General Boushey testifying before the same 

Congress stated "If £or no other raason than th.at of reliability, man will more 

than pay his way ••• " It is evident th.at our attitude today is not "how to get 

man out of the system11 , but rather t:how to get his abilities into the systemt~. 

As technology advances the number of relationships between man and 
t 

.machi~e increases marl~edly. Consider the number .Jf contacts that you .as 

an individual have with the products of engineering in a single day -- you arise 

in a house built from engineering products, shower under an engineering pru-

duct (often finding that the hot water turns on opposite to what you expected 

and, as a result, you almost scald yourself!),, shave 'With an engineered 

electric razor, prepare bre.a1<l'ast O::l engineered devices, jump into a device 

called an automobile. desi~e~ to propel you along an engineered road at a 

2 



1. ·tir · d · • t ork on t·.-me fbu1" .. ,·;.-.-"ort· .. "r")ate1y~ des:lgn.ed~ . ve· ·oo. .. 1 guarantee to g~1. you o w · ..:. , w., ....... ::..i. ..-. ... , , 

alon('1 with the }.iahway~ also to kill almost 40, 000 pe:r;'son.s per year in ·the 
. 0 0 . 

• 
Uzri.ted States alone}, and sc or... In one day you inter.act wlth a greater Vd.riety 

·of machines than your grar..dfathe~ did ir. a month. The human engineer ::;imp1y 

tries to help the engineer assure that his products will be designed as well as 

· possible in terms of ~uch considerations as safety, :maintainability, opera-

bility, and reliabili.ty. 

1.•Saiety11 ,· of course, is .but one of the many measures which th:e enginaers 

use. It is conceivable that the automobile., for example, could be designed so 

. as· never to cause ·fae death of a.71yone, but it would not meet the designers: 

ideas· of speed, comfort,. appearance and cost. The designer of military' sys~ 

terns has a similar problem. His final product always represents a compro-

mise among these and many other factors. Fortunately there is rnuch he car.. 

do regarding safety that does not compromise any of. the other performance 

criteria; in. fact, may eve.n improve them. 

THE PAST 

Some of the past accomplishments of.human engineering are now so coma. 

manly accepted in the Air Force that th:eir origin has long since been forgctten. 

Figure 1, for example, shows the results of an experiment on the design of 

altimeters - an instru...""nent that has been considered respon·sible for numerous 

aircraft accidents. Notice how relatively poor the old standard altimeter (f~rst 

one in the photograph} is with respect to both errors and the time it takes to 

read it. Notice also that those instruments L",,at are read . quicke.st tend also to 
• 
be good design from the standpoi~t of speed. And, while we can't P.rove it, 

don't you feel that such design is also best from the star..dpoint of safety? 
I . 

Horizontal alignment of pointers, which is now widely accepted, was based 

largely on the eA-perimental results shown in Figure 2. Notice again that the 
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arrangemer.t which w2.s b est f :;:-o:::n ±e stan d,?oir..t of a.c curacy '9 oo c!ock aHgn~ 

rnent pos:.tion) was best also from tl-. e s tar:dpo::it of speed, 

P syci .... ologists l:ave a:!.so studied the arra::igement of instr\1lnents by photo-

grap}..in.g tile eye move~T1er~ts of p:.::.ots :flying a:.rcrut "t::nde r various cor.ci::t:l0~s. 

The ":iink v ah:i.es; 1 in Figure 3 es ~er.tially s;,.ow the strength of the r el ationships 

among the various instr-..::.:nents . Yo·:::. ... vill :::-c;:;cogr..ize the cen tral si :x: in.stn;.ments 

as the far.io-..is 11 sacred six11 • T:his ar r ange:nent of these six instr'umen~.:; pre~ 

vailed for many yea:.-s ·i n virtually a.U Air Force ai rcraft. It made it easier 

for a pilot to fly in cEfierent airc r aft . 

Psycholo_gists in hur..na n engineering also wo rked on the design of contr ols . 

Figure 4: shows some 0£ t..."'l.e various dzsigns that re sulted from these sti:.d::es. 

This work forr.i.e d a .founda tion for the current and nast emnhasis on "coded co::. ·~ ... . 
trols 11 and undoubtedly prevented rnany :?ilots from grasping and actuat"ing the 

wrong control. 

The direction that a cont:::-ol should move with respect to the plane of the 

display w as also condde r ed. From Figure 5 it is clear that some control-

display r elationships are much less co.ri...fu.si!lg than others . F o r e xample, i~ 

is clea.r· that c:.. c ontrol and i ts associated disp l ay should lie in the s ame p~a.ne 

if at all po ssible. 

Precisely where controls s hould b e located in the workplace has been 

' carefully studied by anthropologists and psychologists, both for the unencmn-

bered condition and fo r rnen wea ring all var ieties of protective clothing and 

survival gear. (S e e Fi~re 6.} The Mercury test bed, for example, w a .:; 

checked out in this apparatus . 

Psychologists hav e c;.lso flo,vn wit,."lt SA C and MATS in an attempt to 

d ete::nnine exac tly hew crew mer.::ibers i:.per..d thei r time. Thi s enabied them 

to make r e co;.n...41.cndations r ega:;:-ding the layout of workplaces for safet y and 



I 

efficier~cy, more efficient wcrk p-=o cedn -=es a nd ide a s for the design. of labor-

sayi ng instruments a-:..d tooL;. Fig·..ire 7, fo r exa;r.:-i.?le,, sh ows hov,r the first 

navigator spent hls tin'le or~ arct:.c f:ight;; a.t th e ~:::-ne the study was made . 

The t:before a~d afte r 1: <.ontra;;t is v :vici.:y bro:ight out by an inspect:on 

of nmseum airc r aft for foe periods prlor to ar:.d a.fte r about 1946. A high 

d egr ee of sophisti cation in hw-.nan .er ... gineerir:g is now commonplac e thr ough out 

th e ai rc r aft industry. 

T HE PRESENT 

Has this sophisti ca!:l.on extended to the missile ind u s try? The answe r 

a~pears to be nyes, but o :i:ily to a Ern:'..ted extent11 • This is a lit tle surp r ising 

when one considers that the prese~t r.najor n-i::.ssile ma:iufacturers ar e or 

were also the major :..-..na nufactl:.rers of r.:U.litary airc raft . The same human 

e ngineering problems that cropped u_p in the design of aircraft are again 

appea.r ing i n missiles . Pearson and Anderson ir: thei r boolc 11 U . S . A. Seco::::d 

Cl a ss Power11 state 11 0 ne Pc....J. A"71 ted·..nician lost a $2, 000, 000 Thor mi ssile 

b y c a r elessly crossing the wrong ·-_vi!' e s i.n the DOV AP system, whi ch shows 

the g r ound officer whefoer the m:lssi!.~ is on or off course . T he big 1200 mile 

Thor h eaded out over the Atlanti c :c;e:::iect!.y, but the c rossed wires made it 

appear t o b e l oo?ing i:r:. the O?posite direction, . . . • the safety offi c er pushed 

the 1 d estr oy 7 bu tton. 11 {our underline ~ inciC.cntally, m a y we suggest that we 

wouldn 7 t even wan t the technician to c :ro93 the right wire st!) . L ater in the 

s ame b ook, the authors state c.s follow s r egarding fo. e failure of another mis -

s ile , 11Failure analysis disclosed that a technician had carelessl y r:nisma t e d 

~ 1 • I t wo e_ectr1c a ccn;-.-:ctors • • • 11 {again, our underline), 

As i n fo. e ai r craft i r.dustry twenty yec..-;:-s ago, these errors are att rib-..:.ted 

to 11 c a r elesn technicians 11 • But t h e de sl g:c:.er ::nust bea r some of this respon.-

s i bility. Simply co ding the wires or m ismatching the d e sign cf adjacent pa::. rs 

5 



of connectors almost certainly wccld have· prevente~ both mishaps - a simple 

·application of weil-established human engineering pr~nciples. This is the 

fundamental pci::1t•of this article.. Many of the s::nple design errors of tl-...e air-

craft industry are being rep~ated in t."tie rriissile ii:dastry. It would appear that 

some feel that an er .. viror..ment ·as exotic as space req~ufres a completely new . 
I 

set of principles for fae use of men in syi5tems. This is simply not so. F·u.."'lda-

mental information regarding control coding, instrument c:Iesign a.nd the char--

acterlstics of inan7 s senses and higher faculties is still relevant. 

Witho~t meadng to be impe:rtlnent,, we would like to suggest that the 

ni.issile and space systems division~ of the defense industries couid profit 

from a gre~ter exchange of information with personne~ of the now more prosaic 

aircratt divisions. It is reiiably documented that approximately 50 percent of 

the missile failures .are due to so-ca.lied Hhuman ... ir..itiated failures"-, many of 

which could have been prevented by careful attention to established human 

· engineerin.g design principles, principles that we'J!e developed in the pre-space 

era of airplanes. 

THE FUTURE 

.Although the traditional principles of human engineering are equally· 

applicable in the space age, there are obviously ·many new problems also and 

new information will be required. What is the nature of this information? 

Research has been and is being conduct~d on the effects _of weightlessness on 

man1 s performance, including proplems related to the design of personal pro-
. . 

pulsion systems for use in space, behavior of man on a tetherltne,, tethering . . . 

of man at his workplace, ·optimal ·wor~-rest cycles for e:>..."'te.r..ded space missions, 

,. visual and motor capabilities o:f man to effect rendezvous and precise control 

in space, design of remote manlpulators, design of ground control consoles 

and procedures, design for ease of maintenance, to list but a few. Suffice it 
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to say ft.at tb~ Air Force has anticipated ~t least some of the human engineer-

ing req·uireme'nts of the missile and space age a::1d is supporting prograrns that 
' : 

~11 generate ir..idrmation. of direct value to the design engineer. Nor is this 

effort restricted to the Air Force. The other military services 1 NASA~ aca-

demic institutions a·c.d industry all have related interests and programs. 

Finally, it should be made clear that the human engineer is~ a design 

engineer. The human engineer· sim.ply tries to provide information regarding 

a most versat:.le sub-system to the design engineer. The hu:man engineer asks 

only that this information about man be consider_ed along with the wealth of 

other information which ~i.e designer has with respect to his electro-mechanical-

hydraulic subsystems. Such a design philosophy will yield systems that repre-

sent the maximurn effectiveness pos·sible in any given situation. We hope that 

you tend to agree. 

' 
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A. Pun.POSE: 
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ENGI!S:SRING DIVISION 

.. 

No. of .pages - 4S 

~.lIBXD-9/ JI.:c/r.ao 

Date: 2 February 194$ 

.~erial }.nal~rsis :of -travigator Duties vtith Spe.cie.l Reference 
to Equip:nent Design and Workplace Layout. II. Navigator 

rand .~dar Operator 1'-:cti~ities During Three Arctic Hissions. 

·.} .. ere 1.1edical Labora:tory. 

Expe11diture Order ~ro. 694-29 

1. An aerial ·analysis was r.ade during three arctic 'lnissions of the 
a.otivit~es of the First ·1favigator, tha ~econd Navie;ator a.nd''.tha Radar Operator.* 
The work "1ras undertaken at the recuast .of and carried· out in. close cooperation · 
\'4th the Equip1n~nt Laboratory. The inves~·:lgation was planned in order to · 
obtain objective data regarding the following questions: 

a.. • YJhat ncitr equipment and ".•:hat chane;es in existing equip:oent v/ill 
result in the greatest improvement of.Navigator efficiency?· 

b·. 'ffilat is the best layo~t of the equipmen~ in th~ Navigator's and 
Radar Operator's wor!<places ~ and .wh?-t is the optimal desien of these work-

· pla~es ~~~h regard to conve~ienctb ·af~iciency ·and reduction of ~fatigue? 

o. Yihat are the minimal craw· requirements for naviga.t.ion and bombing 
op~ratio?ls in the f.:.rotic~ ... .. · 

2. Arotic missions were flown ,_-_'1. th the 46th Photo ReconDaissan oe 
Squadrc:n 1 9 Septe::lber 1947 a..,,d 17 ~ ~ ~-~::-:Oer 1947. }.:n a.retie · mission ·was 
flow?l with the 59th ":Jaather Recon::la. ~\ ·i.n~e Squadron, 12 September 1947. Ea.oh 
mission lasted app~oxi~tely 15 :-~c·.!1 ·~ r:~-J.s was V.10 hours less t.han the 
averae;e r.dssion .flm·.-:i by the 46th Squ~c:r'o:; ~d approximately the lent;th of 
the avaro.go mission .f'loYm b~.r the 5:;·~!1 S-gu~dro:l. 

. •••\ -
*I Appreciatic~ is e:q?~essed to ti:1e ?'9::·s~~.;~l vf th13 46th Fhoto Reconnaissance 

f Squadron o.~d the 59th Weather Reconnai.ssance Squadrou ,.!i th out whose 
j o·ooperaticn ·this study would h.o.~~ been 'impossible. 

\ 
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3. The 46th Squad:ron and 59th Squadrac assign :~w-o Navia;ators and~ if' 
available,- two Radar Operatol'"s to e.:lch· :rnissio:l. One RC .. ~ Ob"server £lies on 
each rifs~ion v:ith the 46th Squadro"!:l and so:r.atimes ~elieves one of' the ?Ie.vi­
eators. · Ho RC.A.F Obs.erver accor:i.panios t[le 59th Squadroll. Details of th~ . 
duties- of the First lfo.Yicator, ·Second lI~vizator, and Radar Operator ara giv~Il 

, i:n J.ppE?Ildix II. 

49. Activity analysis .,as the tenn i~ used in th1s report, i-s a new concep .. i:;. 
It i~volve~ the objective ~eco:rding of the time d~voted to different as~cts 
or fynctional elerr.ents of .a comple:{ eotivity, end oX thv . sequenoe in -.thich 
those" elements are ne:rfo~med~ F"lll"'"the4."' definition a~d the difference betvrasn ... - . 
activity analysis ~d r.1ctio:o and time .study are diseussod in AppendiA Io D~ta. 
for· the activity analysis were obtained by meal'.ls _of sr~pli."'lg techniq~ao .A 
timer: set for five second intervals triggered a buzzer audible ·to only the 
.observer~ Y.inen the buzzo:· sounded the observQr ·:rec01' dGd the activity. iil which 
the Uavigato:r was enea.e;ed at that instan·~., D~ribg· the first -missioXJ tl1.e 
obs~rv_er recorded data during thG first 45 minute.s of each houro The rer..2.in° 
ing 15 minutes were spent in rest und· · i.Tl pr~paration for the next period of 
ob·~ervation. During the second a.."ld tht:rd mission~ a pe~iod. of 40 minutea of 
ob~1ervatio11 was followed by· a. pa1 .. iod of 20 millutes ·of r~s·~ and prapa.rationo 

· :. 5. During the fir-st mission. sQven periods were spent ' reoording the 
activities of the First Navigator b.nd tv-10 per"iods were span·c obtainillg activ­

. · ity date. on the Radar Operator:. During the seoo:ad mission five periods wara 
spent· obtaining activity data . 0::1 the Saoond. Mavigator 1 ail·4 three period~ we.re 
spent observing the Hadar Opcl"~·~o:. .. ~ DU;ring the thi~rd misaion (which was 
ab~ted at photo destination beca~se a haavy unde~cast precluded any possi-

.. bility of photo.graphy) five 'pel'"iods werat: spent rec~ding the a.ct"ivities or the 
Fir~t Ma-v:igator and two vrere spent OMj~ininir activity de.ta on the Second 
Navig~tor. · 

6. The Navigators observe.d wcro representntive of present Arctic 
?fo.vicntors o .iUl h.ad 2000 _. hcur~f or mo:9e in the e.ir; all had extensive exper­
ience in theatres throur;hout the world before ·goin!T to Alaskao This diversity 
of talent and experience has been.brqug~ ~o bear on t~e Unique problems of 
arotio navigation-

7. Summaries of the activity analysis data· for the First NaviGato~, 
Second Mavigator alld Radar Operator. e.re show::i · in Fig;ures 1., ~ and ;" The .. . 
complete a.:nalysis will be i'ou:nd in Appendix I. The. fol.l0'11ing are the most 
important facts revealed by tne analysis'!> ' 
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•. 
. a.. The First !~avigato:: is requirod to spend most or his time o::i loi 

work (including reading a.nd rocordi:1g air speed, ·altitude., compass headin~ 
and temperature) 1 interpho~e, chart '~o~k end transition (i.e. 1 transferring , 
from one aoti vity to another). (Se\3 Figure :W These ·fcur aotivities roqui:e 
5$ percent ·of the First Navigato~'s time e.nd permit him to devote a nini:rr:i.ll'.!l 
of time to the gathering or basic data with t.he sextant1 asirooompass, drift 
meter and other instr~a:ntsQ · · 

.. · ~? . . •. ~ 
~- b.o. Mavigato~ .. s in the ..-\rctio seldom~ ·if ever 1 use the air position 

· indic~or·. This is true eve~ in those zones 11·!here the flm:-gat"'e compa.ss oa:J 
be .'~nd "is~ µs ed. 

"I 

c~ The absolute alt;ncter (SCR-71S) is seldom used in }.rotic 
Navie;ation· •. I-hs inclusion is possibly justified as emerr;on?y equipment 
-.(Be·.11ar.iy drifts) • 

.. 
d. The au:dliary. PPI .. is used very little by the First l'fa.vi~a.to~:. • 

. 
e. \1~avigaticm by radio at any ·distance f'rom home base is impossible: 

· at the present time. 

f. To date, Loran is o~ 7ery !imited. value beoausa of lack .of s~~tio~z 
and unrel:,iability of the infonnation when available. · 

g• Little time \•1as devc·bd to drif-\; rae.dinge Howevar, the figui-a 
is misleading beca~se on .two of th~ missions weathar oonditi ons precluded 
regular raadizlg of drii't. Th.a dri'!~t meter is a valuable item . of eq\lipmento 
It quickly a.:o~ direotly ,· p:..~ovid~s hi~hiy accurate· essential informati·Oll o 

g. The Second Naviga"'.:;or,, wc .. o is sup.posed to be pr.ima.rily a o.slestial 
observel"', diav6tos. only 5 perce~t of hisitima to astrocompass sir;h·l;1zl e; and 16 
per· c~n~. ·~o se~*e.nt sightingo lie is required to spend what ~eems to b~ ~.:l 
inordinate .amoun·t or· time (20 per ce:::it) ~pn th~ ~o log. Celestial solutio:ls 
require another .~o per cent of his time. ! He spends 10 per eent of his time 
on· interphone9 · · 

9. The P..a.dar Operator spends 5~ per ce~t of his time vievd.ng the PPI. 
Complaints of eye fatigue end hcadnchcs :are common. Six per oen"' of his time 
is spent ·on inte~p~ono .-~ Practically all ·or his interpho?la co:?lvorsa.ticns are 
vrith ·the First . Nayigs.tor. Eight per cent of the Radar Ope:rator' s tino is 
spent transferring i'r o.':1 one ac~i vi ty "to en other. In one ai_rora.ft thG radar 
.oo~trol panel was loco.ted 90 degrees to the Radar Operator. Each t:ir.-.o he 
wanted to check th~ dials on the control pe.nol he had to lea.vo his ohair • 

. . 
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c. CO~·:"CLiISIO~·rs: -·• 
·• 

·10. The method ·or actiYity s..n·a.lysi:; eoployed in this stud;,.- provides 
objective data that are useful in determining what ne-..·: equipr.lent is lleeded, 

·ho\·: the v.orkplace shot1ld be designed and e.rran&ed a1;d the minimal number of 
crew m~mbe~s required to hu:cdle specific 'aerial jobs. The tech:.riique is 

. judzed to be suitable for analysis of the activities of ere"\'{ r.iembers other 
than the Jra viga tor and Radar Opera~or. ~ .. 

11. 1'iith the equip::ie~t, layout ·of v:orkplace aud l'.la~_igational ai.cls now 
beine; employed, .·it :.s jude;es! to be ~--npossi ble fo!" one Navigator to do the i.·:crk 
now done by two r;a.Yigators und~~ arctic· c·o::.1di tions. A minimum of 92 minutes 

. per hour is requh·ed to de all this woi;k. (See Figure 4.) ·. 

12. With the equip2;.eut, layout of workspace and navigatio11~l aids now 
bei.nr, enployed, it is· ju<lGed to be ~~ossiole .ror t7lo 1037 Cperat~r~ 
{Navigator-Bo~burdier-?.adar Gperat~r) to handle all the navization and radar 
on· arctic missions. l..,. r;1inirnum of 146 minutes ·p~r hour is r·equired to do all 
this work. (See Figure 5.) 

13. If the P.adar Opera.tor wer.e r..oved to the forwB:rd compartment and the 
Radio Opera.tor were no .... fad to the reo.r compa:'"t~ent, the f'roilt turret removed 
or relocated and automatic recording of soma data introduced, it is concluded 

. that two 1037 Operators could handle all t!:.13 navigatio11 and radar on a.retie 
.~ssions of 15 hcurs •. Hovrever, t:iis wcu ld allow a minL""l\llil or time f'or radar 
and celestial ~·rork. On miss"ions of over 15 . h9urs, an additional l03i Operator 
should be added. 

Jl~. The workplace provided for the !favi(;ators is sma.11, restrictinc, and 
vrh.oll~,. Ul1sri.tisfactory. The r;e~eral layout i;rould be. improved if the front 
turret were ~enoved frc~ reconnaissanq~ aircraft and replaced by a satisfactory 
astrodome. J.\ bydraulically operated -stool wit~h a back rest should the11 be 
provided for the celestial observer. 

15. Relief from much deta.i led v:ork couid be acc·omplished by automatic . 
recording of' such variables as ll·irspeed:i altitude, temperature a11d heading • 

. , 
).6. Control co~soles·· for. the radar s.ets should be ~rranged functionally 

with.respect to the i~here~t capacities and tendencies of the operator. 
Almost certainly the effectiveness of the ·use of radar information is being 

_affected by the a.IJount of' time and conditions under·which he must observe tr~ 
,.. PPI. 

17. Because of the unusue.Hy close coordination required betwecm First 
~:ravigator # Second 1Javigator and RaC.ar .. Opel·ator# all should be .in the forward 
oompartr.1ent. · 

7 
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1$. That the Equipmant Laboratory review the :~actual data above and 
suggestions 1, 2,, 3, 6, 7, S, 9 a!ld 10 listed in .:~ppand:i.x I vrith r.aspect to 

-· 

·ea~ly incorporation in ~ program dGsigned to increa.se the ef?fioiency a:aC. -::-~ .... 
dependability of arctic navigation,.} •. . \ 

190 That the Com:i.!nic~/dons and Ha.vigation Le.bo::atory revie'ir't suggestion· 4 
vrith l·espect to incraa.:;~ng i:ltarcc:>n:munication-. ei"£icien~y in heavy bomba~4dme:.t 

·· and other long range a.i::¢raft·. · 

' · 
· 20. Tha.:'c the Bc:1b.ai-C:r~e1rb B;-anch .. 0£ 1:.ircra·ft ?rejects S9ction :review ~ug-

ges~ion· 11 and ·the techniq~e ,~; go:le:.·al t~i.th reop-ect ·to its wor-'\;h i:l ~btain­
ing opjectiva data as a besis~~or determi~ing future crew requirem3~tso 

21. ·Raco~anC.~ti"o:1s ~"csulting frok the study have already been ~1!lde on· 
t~e B-50B al4d B-50C airo::ai'J~ moc!\:-U?S o \.These can be found in Memorandmn 
Rep~rt Nulr.ber TS1?~, ·"-720-lloi-- (Confidential). 

· Approved by: tltJ~'X lft rf!~ 

' 

PAUL }l. FITTS; Ph" D. 
Chief#. Psychology B.·rallch 

/17: . . ,.,.-:: :.~·/. ~ 
.Conaur±-anca: . .... ./ l..s: /'° • -::'· .·') ~·-1. \ : ·- .:•, ... ',-?.:/ t .;..:···· 
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NORMAM p •. E .. YS ~ Maj ' usa 
Chief', Mavigation Unit · 
~quipment Laboratory 
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REPL.Y TO 
ATTN OF: 

SUBJECT: 

TO: 

DEPARTMENT OF THE AIR FORCE 

WRIGHT-PATTERSON AIR FORCE BASE:, OHIO 

MRH 

- Human Engineering inspection of the USCGC "DALLAS" WHEC 716 

U. S. Coast Guard 
ATTN: Captain So H. Rice (ENE-9) 
Chief, Naval Engineering Division 
Washington, D. C. 20591 

1. The attached report fs the result of a human engineering inspection 
which was conducted aboard the USCGC "DALLAS" WHEC 716 at 
the U. s. Coast Guard Shipyard, Curtis Bay, Baltimore, Maryland, 
4 and 5 December 1967. The inspection was made at the request of 
the Coast Guard (letter dated 5 October 1967) • 

2. The report has two primary objectives: (1) to identify and summarize 
outstanding and potential observed human engineering problem areas, 
and ( 2) to refer Coast Guard personnel to appropriate literature and 
to methods of more sophisticated and lengthy evaluations, in port and 
at sea, which they might wish to make or have made while the vessel 
undergoes real and simulated maneuvers consistent with its mission. 

3. The report is by no means a detailed, conclusive effort. It should 
be considered only as suggestive of what a more comprehensive review 
might indicate. In general, the specific areas of concern during the 
two-day visit were the bridge and engine room operating spaces. A 
con~iderable amount of time would have been required to inspect all of 
the operating spaces. 

4: The text of the report concentrates on "negative" items in terms of · 
some of the more obvious human engineering design deficiencies, omis­
sions and errors. The positive aspects have not been emphasized. 
Positive, or appropriate, human engineering design stands on its O\Vn 

merit and does not require specific comment in a report of this nature. 
Moreover, based upon casual observations of the generally high degree 
of crew acceptance of the vessel and .its subsystems, it is felt that the 
better human engineering design features are, at least implicitly, 
apparent to the crew. 

5. The author wishes to express his sincere appreciation to those mem­
bers of the crew of the ''DALLAS", both officers and enlisted, with 
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whom he came into contact. They exhibited int~rest in the inspection pro­
cedures and .were exceedingly cooperative and informative. . Their helpful 
comments, sltggestions, and explanations, contributed immeasureably to 
the content of the report. 

Copy to: CDR Fenlon, USCG (N):CLCG) 

1 attch. 
Rpt., "Human Engineering Inspection 

of the USCGC 'DALLAS' WHEC 
71611 


