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T. INTRODUCTION

Background

In the past, system design has been an iterative process, that is, it has been a

learning process in which a design configuration was established, produced in some

form, tesEed, redesigned, and reworked, In large production runs the costs of this
process could be amortized wlthout great burden. By contrast, space systems being

presently consldered or developed will generaLLy be produced ln sma11 quantities.
Each will be costly, complicated and operationally demanding. As a consequence,

there is a criterion of "right the first timerrbeing imposed on these systems.

The need to meeE this criterion seems likely to continue and, in fact becomes more

critical as time goes on. Compounded with this is an increased complexity in systems,

demand for extreme accuracy of response, and the imposition of extraordinary environ-

mental constraLnts, Without the freedom to'reut and try" in the design process as in
the past, Ehe system designer must be able to examine all of the consequences and

interactions of a design decision before he makes the decision.

In this sort of process the design process becomes an abstract decision process. To

attempt an abstract decision process such as this demands an extremeLy logical form

of analysis. The analytical method must be capable of examining the system inter-
acttons and reiteraEing the declsLon before any system component configuration is
predicred. Essentially the design process itself is delayed as far down the develop-

ment stream as possible. Eventually the abstract decisions must be made concrete,

but the bases for hardening the concepts are available before the hardening begins.

System Elements

Since there is a point in the decision process where the actua

begins and system component configuration is established, it i
mine wirat the system components are. Although there have beer

about unmanned sysEems, essentially any total system is a man-

is, somev;here there must be a man in the system loop even if h

to press the button that inLtiates the sysLem"

r1 design process

.s necessary to deter-
L attempts to talk
machine system, that

1

is onty function is



Based on this conceptr any system is a man-machlne system, the system components be-

come men, machines and facilities. There axe, ho\^7ever, other system elements which

must be considered since these elements link and constraLn the components. Shapero

and Bates (1960) offer a convenient notatLon for these elements. They describe men,

machines, and facilitles as described here, 1.e., system components; mission, re-
source and environmental constralnts, etc., as system determinants; cournunication,

organization structure, declsion ru1es, etc., as system integrators.

The integration of man and machLne carries the further requlrement of the integra-
tion of man and man, that is, the crewing process. Two possibLe approaches to this
integration present themselves in this anal"ysls, (1) start from the assumption that
there will be a reasonable number of men ln the system, the number depending on the

system under consideration, or (2) start from a mLssion and r
until a determination can be made as to logical system needs'

quality of men Lhat are needed are then a natural fallout.

Provide a rational method of establlshir
relationships and allocation of tur"tiof
to-earEh orbit vehlcLe system.

It was proposed that this ratlonal method of analysis be estaf

strated by applying the method to a sample system. Accordingl

seiected in whieh one or more men would be Lnteracting vritn ti

fine the analysis

The amount and

tg man-maehine

rs in an earth-

rllshed and demon-

.Y, & System was

re machine.

fhese system elements are the factors which anr.analytical met{rod must be able to
I

handle and integrate. The balance of thl-s report ls concernefl with the devel-opment
I

and demonstration of such a method. 
I

Problem Approaches

Tn order to develop the proposed analytl-cal method the probl \.{as proposed thus:

The system select.ed was based on an analysis of the possible

earEh-to-earth orbit system. Ten possibLe space missLons as s'

r/ere examined. A11- possible mlsston segments for each mLssLon

analyzed to deterrnine lftLch missi.on segments were necessary to

tkely missions for
hown in Table I

r^rere detailed and

any mission, which

.. n

Cho*.ce of a System



segments would not be used Ln specific missions, and which se

f,or specific missions" The basis for the analysis is shown i

It raas decj-ded to base the demonstration of the analysis on tl
use the greatest number of mission segments, in order to demor

the method as well as further application of the analysis itse
the "IntercepE" mission yielded the greaEesE number of missior

actually incl-uding fifteen mission segments, four possible mis

mi.ssion segment not included out of a total possible twenty mi

missions. The tabulation for all missions is included in Tabl

The method of analysis is explained and demonstrated in Chapte

a Method of Analysis," while the actual analysis of the Interc
i.n Appendix A"

actual analysis is provided in Appendix A, ruhile Appendix B

bibliography of pertinent documents, a bibliography of perip
brief <iiscussion of previous research in work-rest cycle.

ts were questionable

Table I.

te mission which would

rstrate versatility of
r1f . It was found that
r segments used,

lsion segments, and one

.ssion segments for all
eI.

lr III , ttDevelopment of
rept mission is developed

Backgroqnd loq Analysis

To implement an anatysis it is necessary that there be a background of information
and data on vdrieh to base design choices. Since this reporE is concerned with a

method for allocation of man-machLne functions with an emphasis placed on human fac-
tors considerations, the data concentration is oriented to the human. While it is
recognized that the human cannot be considered in this context without considering
the machine, it is assumed thaE machlne data are available.

Accordingi-y, Ctiapter fI of this report provides a general background for the con-

siderati.on of mants role in the system, Chapter III develops the meEhod of analysis

and Chapter I.V offers a model as a basis for collecting and organizing data in terms

vfilch are useful for consideration in man-machine allocation, As noted before, the

conEains an annotated

heral documents and a

3
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1I. THE ROLE OF MAN IN T'HE SYSTEM

Assuming the establishment of a mission requirement, there is

to design a man system, a machine system, or a combined man-ma

text of space sysLems, the notion of a man (no machine) system

hand" There can be no serious argument for such a concept, bu

argument current about whether space systems, particularly mi1

should be manned at all.

On one side it can be argued: trdhy bother tdth all the costs a

men in space and supporting them there? Why even jeopardize m

such a hostile environment? On the other side, it can be argu

large array of capabilities in a single package and, of much m

fiexible than machines. He is easier to reprogram and can des

date new or unforeseen requirements.

Translated into terms of system oPeration, taking advantage o

vides capability for making missions more versatile, recallab

In addition he has the advantages of being able to return the

He is more versatile because he can

(1) Select targets of opportunity readily;
(2) Easily re-program for alEernate targets;
(3) Strike against mobile targets either as a flatform

against sErategic orbital bombing systems or enemy

mobile launchers;
(4) Sense and process information not programmed for in

the available hardware;

(5) Provide for mission alternatives in single envelope,

such as

(a) Reconnaissance with strategic capability,
(b) Defensive wiEh strategic capability, and

(") Early warning with strategic capability.
FurLher he is recallable since he

(1) ean dei-ay system arming, and

(2) Can return sysEem rvith no danger to population.

-5-

the questicn as to r:hether

chine system. In the con-

may be dismissed out of
t there is considerable

itary space systems,

nd problems of putting
en by exposing them to

ed that man can provide a

ore imporLance, is more

ign programs to acconmo-

man's flexibility pro-

r, and less vulnerable.

icles for re-use.



Also he is less vtrLnerable, i.n that he

(1) Can take evasive action;
(2) Can provide ECM measures when needed;

(3) Can Lake defensive action;
(4) Can strike against enemy counteroffensive in order to

protect system and to provide partial pri-me mission.

On the other hand, definite positions can be taken in favor of military sPace systems

being completely unmanned. Completely unmanned systems have been built and iE has

ofien been proposed that future systems should also be unmanned. It can be argued Ehat

th,e machine caR be built that will do the job better than man, given sufficient time,

do1lars, physical resources and talenL.

Tnis latter argument has, indeed, had a very strong influence on system design practice.

The trend has been tr:ward making systems more and more automatic, and the trend wilI,
undoubtedly, continue. Certainly, there are other reasons for automation, but the trend

has also been influenced by the simple motivation to make systems as automated as

possible. The idea is to push man out of the system wherever possible and to leave him

in only when machines cannot be available.

How is this controversy to be resolved? Actua11y, the nature of the resolution is

i.mp1i"ed in boLh argumenEs. Both are really talking about man-machine systems. Both are

saying that there are conditions r,#rich justify using man and conditions which justify

the choice of machines.

One reason for making a vehicle recall-ab1e is that it is expensive. That is, the

machine canaot be made cheap enough and if the versatility of man is taken advantage of,
the recallabi-1ity feature becomes available. Given sufficient time, resources recalla-
bility can be automated. BuL this is a circular argument and even its most extreme

proponents given cognizance to the circularity in practice, if not in discourse. Tn

the meantime man keeps man up his sleeve to take over those functions which cannot,

for one reason or another, be automated. fn oEher words, as long as manrs versatility

is needed to take up the slack, there is implicitly a man-machine system.

Without the requisite futther development, the proposi-tion is now introduced that it is

best to th'j.nk of every sysEem as a man-machine system with the man and machine contribu-

-6-



tions Eo be determined, Though sysEem manning might go to zero, the determinaEion

should be part of the system development process. There is the implled agreement that
man will be used for some functions under some conditions and machines for some func-

tions under other condiLions 
"

The obvious condi-t.ions would be to use man where man can perform the function better
and use machines where machines do better. First, it neglects the possibility that
an integration of, man and machine may supply some function "better" than either alone.

Second, as long asrrbeLter" is undefined the answer begs the question.

The questioning of the definition of such a simple and counnon word as rrbetter" may

seem meticulous. The reason is that there is a temptation, and many have been tempted,

to define the term as greater or more dependable capacity for the performance of the

particular function under consideration. For instance, can men or machines aim some

rocket launcher more accurately? This may very well not be an appropriate question

at all, Suppose the rocket is given (exists and must be used) and it has very good

homing capability and a very large lethal range. It might be that much accuracy in
aiming would not be necessary for an acceptable ki1l probability. Choice between man

and machi-ne might, then, be quite irrelevant.

Howerrer, suppose any increment in aiming accuracy will increase the ki11 probability.
How far Lo go would depend on the cost -- the direct cost of implementing this choice

and the indirect costs resulting from the implications on the other system funcLions.

That is, the allocation of the aiming funcEion to man or machine is a system cost-
effectiveness trade-off decision. Further, this decision function should fo11ow the

system evaluation model and include, in addition to capability, considerations such

as size, weight, reliability, availability, maintainability, and time and dollar
a-cquisition costs.

Though man has many characEeristics which are desirable and useful in space systems,

tl-ie only analytical justification for man in a particular system is the demonstration

of payoff in a more desirable system configuration, A paralle1 statement applies to

justifying hardware in the system. It is now redundant to say that the best system

configuration will be that one which has the best man-machine function allocation.

It is to Etris key problem of function allocation that this study is addressed. Tl-re

-7



new method whieh rvas developed and is descrlbed in this report is believed to be a

powerful new tool for system development" Of course, the design of a tool, of it-
self, does not assure good products. Wise and creative exploitation of the state-

of-the-art which is controlled by the goal of an integrated man-machine system is

required for suceessful function allocation.

The function allocation results in a set of specifications. These specifications

are, in effect, a set of predictlons of l*rat the several subsystems and components

should be. Presumably, these predictions have been made in accord with the bounds

inherent in th.e staEe-of-the-art and available resources. However, it is also

assumed Ehat the art and the resources will- be exploited ski11fu1Ly by the designers

wlro fo11ow. Moreover, it is hoped that methodology and the general state-of-the-art

will be advanced during the time of and in the course of developing the subject

sys tem.

On the man side of the design effort which is to result in the integrated man-machine

systeme the rreed for improvements in methodology is indeed great, However, this study

has not been maj-nty concerned with further development of human factors analysis and

design techniques. Such problems form a reference context for function allocation,
but they were not treated exhaustively.

Assuming an i.deal allocation of man and machine, there sti11 is a requirement for
some adaptation of Ehe human to the machine, environment, and other men with vrhom he

will interact. The actual integration of man and machine and environment is accom-

plished in reality through training.

tlistorically, it has been common practice to take up training problems after equip-

ment is derreloped and a-rai1ab1e. At that point the training planner can look at the

operation and maintenanee of real, existing hardware. However, in order to shorten

the peri.od between the recognition of a milj-tary requirement and the operational
qi:alificaLion of a system, the concept of eoncurrent availability of man and equip-

ment was introduced" Under this corrcept training requirements have to be anticipated

and trai.ni"ng programs developed during the hardware development cyele. I,Jith increas-

ing sophi.sEication of system development concepts, consideration of training enters

the developmene cycle earlier and earlier.

8



It is now becoming recognized thaE training planning must take place during the

earliest funcEion allocatlon phases. Training considerations are cenLral to the

estimation of the human capability parameters needed in making the man-machine alloca-

tion decisions. Both the availability and the cosLs of human capabilities to the

system depend heavily upon the training program.

If, in the process of functions allocation, it becomes evident Ehat personnel with the

required skil1s may not be available in the manpower pool of the proposed using agency'

the analyst must determine whether the ski11s can be made available and at what cost.

This is usually a training problem. Sometimes, the definite judgrnent can be made that

the required human charaeteristics are not available in any known manpower supply.

Even when this obtains, it is often profitable to consider whether new training pro-

cedures might not extend the known human limitations.

This analysis for human performance is directly analogous to the system hardware ques-

tions. Are components available off-the-she1f which will perform specified functions

in a fashion compatible with the conceived system? If not, can components be developed

in a ttirely and economical manner r,ilrich will trade-off favorably wiLh other possible

system solutions? Similarly, the same questions are asked about the human components.

The answer to the development question for human performance is usually in terms of

training.

Sometimes there are possible solutions other than training. For instance, fatigue can

be expected to degrade the reliability of human performance. The irnpltcations of

fatigr:e can be evaluated in terms of alternative system configurations and in terms of

alternative development actlons. Alternate system solutions (e.g., a different func-

tion allocation) might involve lower ski11 requirements whi.ch are less susceptible to

degradarion with fati.gtre, or work-resE cycles which will reduce fatigue. DevelopmenE

solutions mi-ght i-nvolve the use of drugs to overcome fatigue, or overlearning which

makes ski11s less vulnerable to fatigue. Nevertheless, in practically all cases some

training solution should be considered.

Xn the early stages of system development, detailed analysis of training is not always

possible because the system is not defined, nor is it always needed because estimates

of sufiicient accuracy can be derived from relevant experience and good training

-9-



pri.nciples when a sound system training strategy is conceptuali.zed. Detailed analysis

is, however, requtred when htghly critical ski11s are involved or quite unusual skills
are called out. I'hese analyses require far more extensive and specific design, task

analysis, and definition of training methods and equipment than is the general practice

in the function allocation development phase.

None of this is intended to say that the best system will be achieved when integration

is maximized. Integration, too, must be subjected to trade-off analysis and it is

stiil true that a sysLem cannot be designed in a piece and that different people and

talents are required to work on different parts. Also' more is implied than in the

statement of the philosophical position that 'tsystem" means lfintegration". Rather it

is proposed that capability and effectiveness should be sought, and can be found, in

the j-ntegration of man and machine.

Tt. inas suggested earlier that function allocation cannot be limited to routing func-

tions to man and machine categories -- that the allocation to a man-machine combina-

tion might be best. In general, these involve machine assists for human performance

and maa-machine rec{.procal monitoring. A good example is quickened displays. Here a

machine function is introduced to change the normal error signal so that human control

may more accurately anticipate and avoid error build-up.

The training analysis also interacts with the crew composition analysis. The per-

formance must not only be developable in the available population but reasonable

ski11 aggregates must be considered for individual crew members. Costs in both

dollars and ti-me are affected by the distribution of the training load among proposed

crew members. lieavy imposition of training requiremenEs on a single individual may

resul-L in training incompatibilities which are difficult to overcome. Further, as Lhe

trai-ni-ng required for a single individual becomes inordinately heavy, the costs can be

very much higher than f,c,r the same burden distributed among more people.

Among the sysEem i.ntegration tasks, the task of Mannigg or Crew Composition is in an

urlusual positi.on. trt is related to and enters into all the other processes. The crew

composition ir,.volves a kind of sununary of all oEher tasks and at the same time controls

the other tasks. Changes in crew composition may perturb, possibly quite extensively,

ai-1 of the other personnel subsystem design tasks" The crew composition task has this

10-



cenrral and ubiquitous position because it represents both the resources for function

a1l-ocation and the fizral repository of the personnel subsystem, And the characteristics

of the available pool define many system constraints.

The manning analysis may, however, perturb the rest of the personnel- subsystem design

process when better methodology is developed. At present Loo many cuts and iterations

are involved. Tndepeadent of how sophisticated a function allocatl-on may be planned,

an estimate of crew composition is usually required very early by Ehe customer' He

wants immediate estimates on Ehe demands upon his manpower resources, since he has fat

fewer degrees of freedom in manipulating these resourees than any others, Since this

estimate has to be based on meager data, it has 1ow reliability. Low reliability, in

iEself, is not fatal (we wish it were better), but these estimates tend to t'get set' in

concrete." Tiren there may be real troubl-e.

As design progresses and new information becomes available, ne\^7 estimates can be made'

If these result in quantitative or qualitative changes in the composition, a new itera-

tion of the f.unction allocation may be justified. If different kinds of people are now

ca11ed out, there may be other funct,ions which should be allocated or taken away from

tlee man side of the ledger. A1so, quantitative ehanges may force review since men

come in increments of one. Ihe last man may have been added for a work load rvhich

hardly taxes him. It is now proper to assign some functions to machine to get rid of

rhe last man or is it best to re-assign some functions from machine to make more effi-

cient use of this last man?

The solution Lo the crew composition anatysis difficulties may lie in the development

of a procedure rvhich is more closely tied to the function allocation and system

effeeti-rreness eval-uation rnodels. Then the mann{-ng decisions would enter the system

decision more directly than l^rith present crude sub-optimization proeedures.

Since it seems logical to initially consider any system as a man-machine system, the

problem is not one of decidi.ng v&ether man sha11 be used in the system, but what is

the best alloeatioa of man and machine and what method(s) can be used to make this

determination. Ti.re next chapter, "Development of a Method of Analysis" describes a

method for the iogical allocation of men and machines.

- 11 -



II1. DEVELOPMEM OF A METHOD OF ANAIYSIS

The determination of a m,ethod of analysis must consider five basic areas:

Problems of previous methods

Problems of new method development

Criteria for method specifics

ProbLems of method implementation

Statement of the method

Ihe problems of new method development are fundamental"ly derived from the problems

of previous methods and in turn determLne the criteria for the specifics of the

methods. Where the problems of previous methods can be stated separately the

probl-ems of new method development are so inter-related with the criteria for the

specifics of the method that it is extremely difficult to consider them separately.

As a consequence, these two areas wi1L be treated together in this reporE.

Though the statement of the method is the key concern, it is necessary to consider

problems of method implementation if the method is to be usable and used. Academic

methodology may be an interesting exercise but if it is not implementable is not
useful in the present context.

1

2

3

4

5

L2-

Probler-ns of Previous Methgds

Developing a method of analysis wlthout consideri.ng,the work, success, and pitfalLs
of previously proposed methods would be presumpEuous. There have been severaL

documents, e.9., (Van Cott & Altman, 1956) (Shapero & Bates, 1959) (nabideau,

Cooper & Bates, 1960) (McGrath & Nordlie, 1959) which have attempted to provide

a basis for the analysis of a system and eventual allocation of functions. Yet

in l-961-iswain & Wohl, (1961) emphasize that, "th"r. i" ,o_g_d lr"t. *"t
ex isjeqqe f qL jrl Loeailjing fur:gE:Lang_be Elre_egr_men and machines . rr



Van Cott & ALtman (i956) generally provided a series of procedural steps leading

to the altocation of functions. 1\^ro probtems exist in this method, (1) the anal-ysis

prior to the alLocation of functions starts frorn a premise of hardware, and (2)

there is no method given for the aLlocation of functions. Most investigators

have dismissed this area by simply saying there are things at whlch man excels and

there are things in which machines exceI. Fron there they have left it to the

skill of the analyst to make an intuitive decision on allocation.

Rabideau, Cooper & Bates (1960) attempted to provide a gulde to function and task

analysis. The process indicates a series of procedural steps to be followed moving

from statement of mission requirements to a detaiLed task analysis. Although the

method for allocation, based on a choice betqreen design alternatives, is more explicit
and detailed, they still start from a hardware PreconcePt.

In the main, previous methods have leneralLy suffered from the following shortcomings:

1. They started from a preconceived notion of hardware.

2. They assumed hardware limitations and capabilities thus limiting the

possibiLity of determining the real acute development needs.

3. They used terms interchangeabJ-y according to the specific lnvestigaLor

or author.

4. The terms used had different, and sometimes contradictory, meanings for
different users.

5. They failed to point to advancement of the state-of-the-art as a resuLt

of specification of needs.

6. They did not integrate men and machines thus causing one or the other to
adapt, depending on the starting eoncept or orientation of the author.

In a general- sense, it is quite difficuLt to find where mission requirements end and

system requirernents begin in these previous methods" For the most part it appears

that function al-locations for both mission requirements and system requirements occur

at ttrre same time. Further, there are few specific definitions of functions, operations,
etc., throughout these methods and as a consequence these terms are used inter-
changeably.
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To develop a method for such a logical analysis some specific requirements must be

met. Tt is not suffieient that the method be different or new; it must satisfy
the needs for which it is designed. Further, though lt is certainly necessary that
it avoid the traps and pitfalls of previous methods, it must additionaLly not Present
inherent traps and pitfaLls of its own. It also must avoid the amblgultles caused

by using famlliar language in different contexts or specific unusual meanlngs.

Additionally, it must present a way of deaLing with each item of interest which it
enumerates. Also, it must be specific, usable fron a statement of the method alone,
and understandable by all potential users. FinalLy it must be sufficiently flexible
to be used at any level of specificity or generality. In summary, the criteria for
the developmenE of a method are that it:

1. Satisfy the needs for which it is designed,

2. Avoid oLd and new pitfalIs,

3. Avoid language ambiguLties,

4. Present a way of handling items of interest,

5. Be specific in its statements,

6. Be usable from a statement of the method,

7. Be understandabte by a1"L potential users,

8. Be capable of being used at general or specific 1eveLs.

Initially, this study attempted to more closely define terms that were used in
previoLls methods as a basis for new method development. It soon became apparent
that the criterisn of non-ambigutty would n,oL be met arrd it was decided to write a

set of terms which wouLd be speeific definitio:rs of generaLly used terms, where
possible, and a ne\nr set of terms with specific definitions rohere needed.

It is recognized that lrnposition of the requirement; to learn all of the terms and

meanings ia order to fo1low the methodoLogy is difftcult. To provide a ready
referenee to these tetrns aad meanings a foLd-ouE sheet has been included on the last
page of this report. The page can be exposed without having to refer back and forth.

-L4-
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It is sr-lggested that the reader, at least initiaLly, use the fol"d-out page while

following the methodoLogy section. The terms with their definitions are:

Uissiol: A definite statement of a desired goal or end condltion.

Exampl-e 1: Intercept an unidentified earth sateLlite.
Example 2: Intercept an unidentifled earth satelLite in the range of

I-00 to 121000 miles above the earth, using a manned,

winged, space vehlcle capable of being returned to earth

within the contlnental United State6' and capable of being

sustained for a four day orbital mission.

Mission Segne4!: One of a series of temporal, sequential steps having a sub-goal,

being internally coherent and having a reeognizabLe and defineable start
and end point.

Purpos{.ve Operation (PO): One of a serLes of the things which must be done in
order to complete a mission segment or to Prepare for a succeeding segment.

Note: The statement of a PO should not contain any reference as to how

these needs are to be implemented (1.e., man or machine requirements).

Example: Provide attitude control; determine re-entry window; determine

system status; determine deceleration time and start point.
Purposive Operation Cluster (POC): Ihe resuLt of grouping together POrs from all

mission segments on the basis of their conunonalities or similarities of
action or intent.
Example: To guide; to propeL; to navigate; to preserve crew.*

Purposive Operation Sub-Cluster POSC): The resuLt of resoLving the POCIs into
individual sets of eLements within each POC. The criterion of a set is that
the elements within it affect one common factor across aL1 segments.

Example: Attitude (this includes all of the POts in therrTo Guide" POC

which are concerned with attitude).
Purposive Sub-Operation (PSO): The smalLest unit to which a PO can be resolved before

it is necessary to make man-machine allocations in order to continue the

analysi.s further, the PSO is analyzed within the POC orientation. The

alloeatioR of man or machine (the next step in the anaLysis) uses the PSO

as a base.

* This Pt)C is deliberateLy chosem to ilLustrate the effect of the mission statement.
Here it is assumed that the mission is a manned orbital mission. If the mission
had not beer.r specified as'manned, this POC wouLd not appear unless the analysis
had shown that the'mission should be manned,
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Problems of Met d Implementation

Any method which is deveLoped, implicltl-y carries with lt the requirement that it
can be implementabLe. Additionally, there is an obligation that provisions be made,

either in the method or accompanying it, for indlcating what must be done to implement

the method. Although the investigative work and the development of the method in

this report r^Ias provided by a specific disclpline, the use of the method demands an

interdiseiplinary team approach to assure successful implementation.

It can be assumed that anaLysts are more sensitive to problems within their
respective discipline than they are to problmrs within other disciplines. Further,

they often have encountered these problems, tackl-ed them and eventually overcome

thern. It is also true that analysts will feel that a problem exlsts which is within
the do'nrain of another discipli.ne. Qulte often they try to circumvent the problem

and then attempt results ln a tedious, costly and unnecessary exercise in that a

ready made solution of which they are unaware already exists. Since, in effect, the

vaLue of the method is limited compLetely by its implementation, it cannot be urged

too strongly that an interdiscipLinary team be used in applylng the method.

There is a requirement that the team used re-orient its thinking from the type of

analysis to which they are accustomed. As pointed out earlier, prevlous methods

generally started from a hardware or man concept. It ls difficuLt to avoid the trap
of relating POrs to known or famiLiar components, but the method objective is l

to arrive at system requirements through the anaLysis rather than alLow assumed

rements to constrain the ana Thus it must be stressed continuously
the system requirmrents are derived.that there be no cornponent concept until

S,tat-emenj of _the Method

The method ernpLoyed for analysis is il-lustrated in Figure 1" For purposes of
explanation, a copy of !'igure 1 is included as a foLd-otrt on the Last page of this
report" Addltionally, the fold-out contains a set of definitions of terms as

previously indicated. It is suggested that the fold-out be spread as an aid in
following the text on the method.
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Step. l - 0btain missior:. statement :

To initiate the analysis it is necessary to obtain an explicit statement

of the mission as avail-able. Mission statements can run the gamut fron a

very general broad statement such as ttlntercept unldentified satellltesrr
to highLy detailed statements that contain range, conflguration, velocity,
mannning, etc., requirements. The mission statement should contaln a

comrplete l-ist of all deter:minants and constraints that are actually given,

but should not contain any assumptions about system parameters which have

not been specifically imposed' t

Determine mission segments :

Develop a List of the segments which will sequentially accomplish the

missisns. The choice of what constitutes a segment ls sornewhat arbiLrary.
However, the choice should be based on the fol-lowing criteria:
(1) The segment purpose or goaL can be defined.

(2) Convenient and explicit start and end points can be stated.
(3) The happenings within the segment bear a unity.
(4) There is temporaL and sequentLal reLationship within the segment

and between segments,

For examp1"e, one segment of the space mission analyzed in this report is
shown thus:

Step 2 -

Macro- R endezvous
Goal: Track & Intercept
Start: Locate Target
End: Proximal Track

Once the mi.ssion segments have been determined they should be set doun in a

fLow diagram, indicatirrg the segmenf titJ.e, goal, start, and end point as

ilLustrated above" (tror a complete breakdown of the segmenting of the

selected space rdf.ssion see Appendix A. )

Step 3 - Lnalyze segments to determine purposive operations (POrs): Prepare for
each segment a list of those POrs which are contained in the segment.

Though it may be conventent to extract the events sequentially, at this
point the exhaustiveness of the listing is paramount, not the time phasing.

The POts are shown in terms of what mlrst be done in order to co,urplete one

segment and to prepare for any other. It is important that no equipment or
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Step 5

man concepts be included other than those whictr may have been specificaLly
given ln the mission statement. For example, a PO could be:

Determine vehicle attitude, direcEion, and veloc{ty

to effect micro-rendezvous
NOT

Pilot determines etc., etc.

The POts should be written in action statements, e.8. r

determine , monitor , provide , sense....., maneuver.

Each P0 should then be examined to determine whether it contributes to the

goaL ofrthe particular mission segment in which it is listed. A PO should

E! be listed in one segment if it does not contribute to the purpose of
that segment.

Group PO's into clusters (fOC's): The PO's which have been listed across

all mlssion segments should now be gathered and grouped on the basis of
commonaLity of purpose and similarity of action or intent. For example,

one grouping might;be I'To Guide't, which would include all of the P0rs which

are concerned with the guiding of the vehicle. I'his grouping process should

be carried on until all POrs have been cLassified. ltre number of groups

that wiLL arise will- vary, with the kind of mission more so than with the

number of segments.

A complete clusterlng for the intercept mission is shown in Appendix A.

T'his should provide an insight into the way clustering is carried out.
Extract a set of PO sub-ctusters (POSCts): Each POC should now be analyzed

to determine which POrs within the cluster can be grouped in Ehe sense of
having cortrnon elements. The elements for grouping in sub-clusters are much

narrower and more cohesive than the elements in clusterLng. For exampLe,

ln the cluster "To G\.lide", a sub-cluster would be t'Attitude" or,'proptrlsion',
both being elements of trTo Guide'r but encompassl.ng a different set of
cohesive elements.

Having i"dentified the sub-clusters, they are then gathered into groups and

labeLed with the title by which they have been grouped. fhis provides a

set of P0fs which have been categorized by some set of common attributes.
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It will be found that in many cases the saine P0 wiLl appear in different

mission segments or sornetimes in the same segmen.t' These should be shown

as one P0 and noEed as to Ehe segments in whieh they appear'

q$3J - Determi-ne Purposive sub-operations (PBO's): Eaeh P0 is now subdivided into

el-ements as far as possible w,+hg'r the req"irem'

or machine. The purpose of this step is to reduee the PO's to a point

where Ehe analyst is ready to assign man-machine aLlocations' Once the PSOrs

have been extracted they should be arran$ed in each mission segment in terms

of the time sequence of their occurrence' This provides a basis for loading

examination.

St-ep Z - Allocate man or machine to PSO'si

At this point the analyst is ready to alLocate man or maehine to PSOrs"

For this Process the analYst needs:

1 - A mi.ssion statement including specifications as far as they have

been detaiLed.

2 - L complete set of the constraints that are appLicable to the

mission. These include the constraints imposed on man and

machine by hostile environments, unusual conditions' etc'

3 - An organized data set on the capabiLitLes of man and machine'

(A method for collecting such data is considered later under

the rrData AccumuLation Matrix' ")

The man or machine aLlocation to PS0's is an iterative Process in which

tentative allocations are made, examined' modified' and re-allocated'

The process, as outlined here, consists of, six 3ub-steps'

ect sion Eemerit ecif ons whic d affec

e1]"-os+tipng" Set these down noting what kinds of POrs these

specifications are Likely to affect' Indicate and refer these

to missiotl sefrnents, FOCts and POrs '

2 - Make prel-imi aL locatio:s in accordarrce wi.th specif,ie at io::s .

List each PSO in a coLumn. Fortn a matrix by fisting'Man"'

'Machinet', and "Man and Maahineil as headings in three more columns'

(See Figure 2,) ltake a tecxEative allocation by filling the

interspaees in with the fol-lowing terms:

OnlY
Eest Choice
Possible
Not Fossi-b1e

1-
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It is very important that this step be handled by an

interdLscipllnary grouP as previously suggested.

3 - Aoolv al-l- constraints specified to each PSO.- Re-examine the

decisions made in the preliminary allocation in Light of the

constraints that have been appLied in sub-steP 1. Examine each

PSO and make necessary changes.

4 - Compare redefined PSOrs with capabiJities of-man or machi.ng

within the conlsx! of ext-ra-mission congt-railrts. Evaluate

each PSO against data avaiLable in the Data Accumulation Matrix
(if available), or human engineering source books, engineering

source books, etc., to determine those constraints imposed by

natural Llmitations, resource limitations or state-of-the-art
Limitatlons.

5 - Assign tasks or equipment to each PSO. As far as possibly can

be determined assign a specific man task or specific equipment

type to each PSO.

6 - Compare jrnd modify. Compare allocations to mission segment and

POC requirements and modify aJ.locations as necessary.

Step_! - Cluster components for subsystems:

The purpose of this step is to provide a statement of subsystems which wilL
essentiaLly be used as a basis for the system description. the step consists
of three substeps as foLLows:

1 - Conr4ine- man and rlachine alLocatiolrs - Each PSO has now been

allocated to man or machine" ?hese PSOts shouLd now be gathered

under the POC's from which they were originally derived. The

POCrs are now displayed in terms of the man-machine aLl-ocations.

2.- Determine the effectiveness of the allocations - SeLect out
those combinations of allocations that form natural relation-
ships to the state-of-the-art information on subsystem design.

Determine the effectiveness of the allocations in terms of thei.r
inter-relationships withln the POCrs. Organize the allocations
in terms of their operating sequence within the segments.

There are two factors of consideration lnvolved here. One is
the related POrs within mission segments, and the other is the
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related POts aeross aLl segments' Xt is important that POCrs

91[ be construed as syscems when c].trstering comPonents.

Segment requirements override POC considerations. The PO

may be basically the same ln two segments, but the requlred

method of accomplishlng may be different from one gegment to

the other. For exampLe, during the boost phase, attitude eontrol

may have to be automatic. However, during the landing phase

attitude controL is f.ikely to be manuaL. The PO during these

two segments is the same but the method of handLing it is
different. Therefore, different combinations of components are

required, which may possibly result in a need for different
subsys tems .

3 - Describe final selected combinations (subsystems) - the clustered

components should be anaLyzed in relation to the segment sequence

and Loading requirements. This permits a finer description of

clustering requireurents in terms of comrponent - comPonent

working relationships with respect to inputs-outPuts, time phasing

and mechanical Layout requirements.

Once the s.equence:anatysis is accompLished, subsystems should be

described and inLer-relationship requirements between cornponents

within a subsystem should be Listed. Conpletlon of this step

should result in a set of subsystems that are integrated within
themselves but not between. For exarnple, a need may be established
for a navigation subsystem whieh would require a computer. It
may be also necessary to provide an onboard eorputer for a

guidance system. At this point, it is not established whether

one computer would suffice for both.

ltep 9 - Provide sy_stem discri.gtign:
The purpose of this step is to integrate the various subsystems that have

been described into a total system. The end product should be a complete

and fairly detailed description of the system. The step is composed of
two as follows:

a.). LJ



1 - Deterp:LBg_:LBter-Lelatlonships be.twel:n subsystemg - Compare

strbsystems (selected combinations) inputs and outputs to
determine inter-relationshlps withln the orientation of the
POCrs. This shouLd be done by a point-by-point comparison of
subsystem outputs for each segment. Subsystems can now be i.

arranged ln accordance with the requlrernentg that can be

established from the lnter-relationships. fhese subsystems

and requirements should be described in tems of a time base

and all necessary links"
2 - Prepare flow diagram - Gather the subsystern descriptions that

have been determined in (1) above into a fl_ow diagram on a tlme
base indicating all necessary llnks. This provides a basis for
a detailed, integrated system descriptlon which should now be

expLicitly stated.
Stsp 10 - Develop system specificationsi

To develop system speciflcations it is necessary to determine the criteria
for performance, space, weight, etc. The system description should be
analyzed by subsystem to provide general information on the subsystem to
responsible design groups. The various design speciaLi,sts must now specify
the exact components required per demonstrated misslon and system
operational requLrements. This aLL should be accomplished using existing
systems anaLysis techniques.

Step !1 - Provide subsystem specifications:
This step divides into lines of analysis. One line considers equipment
and the other human factors elements. Initlally the subsystem descriptions
are analyzed and eqaripment component specifications are described as reqtrired
for specific information to design groups. For purposes of this report
the two substeps detailed below are considered only in human factors
requirements.

1 - Ana1yg_e mjrn tgsks - Select out aL1 man tasks. UsLng the system
specif,ications that have been established as a base, derive
the task requirements by standard task analysis techniques.
Analyze all man tasks individually and collectlvely in relation
to the system and equipment requirements. This will provide
the perforrnance criteria for the htrman faetors,
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2 - Deterlqige otls_r Furnan faqEo.rs, areag - Standard techniqu.es exist
for determlning manning, skiLI, and training requirements from

developed task analyses. Human factors engineers are well
acquainted with the techniques and literature available on the

subJ ect.

These eleven steps, then, provide a sound, implementabLe method for a logical
analysis. Further, they contain sufficient inherent flexibility to works at any

level of specificity, a minimr:m of language ambiguities, and are easily understood

by their users.
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IV. DATA ACCUIVIU-],ATION MATRIX

The potential of any analysis method cannot be realized unless the data needed to

support the method are inrnediately available to the anal-yst. The analytic method

developed in this study is a good case in point. Data pertaining to man-machine

capabilities, and to other parameters involved in the allocation of functions to

man and/or machine, have limited availability. They are either not available at
aL1 or are so widely dispersed throughout the literature that they cannot be made

available in a timely manner.

Two things are needed to solve this problem. First, a method must be developed

for organizing and storing data which are avail-ab1e to expedite application of
the analytic method, Second, tresearch must be performed to develop information in
the areas where data are not presently availabl.e. This section describes the
f,ormer, herein ca11ed the Data Accumulation Matrix (DAM), and recormnends research
which should be performed to satisfy the latter.

The fundamental problem in the organization of data is the choice of factors on

which to organize" Ttre Data Accumulation Matrix (DAM) has been deveLoped to handle
data relative to the constraints placed on man-machine systems in terms of man or
machine factors, with equal facility.

A basic fu.nction capable of being accomplished by man or machine, in terms carrying
implieations for neither, is the primary categorical breakdowa used in DAI"I. Examples

of these functions are:
S ens ing
Comparing
Deciding
Transmit [Lng

The secondary categorical breakdown is the system consiCeraLion. Examples c,f systera
ccins f raints are:

Time
Cos t
Availabi lity
Accuracy
Re 1 iabi 1i ty
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Figr:re 3 describes how these categories and their inter-rel-aEion result in the Data

Accumulation Matrix. It is now possible to compare the effects of Time and Cost

factors on the fr.rnction of sensing by selectir"rg the proper cell from the DAM.

Selection of any unit should provide sufficient information on the related man or

machine factors available to accomplish logical trade-offs. If this particular
selection has insufficient information, an additional research program is indicated.

The matrix has been constructed so that it is easily expandabLe in all three

directions. The categorical examples given are by no means exhaustive. Furthermore,

DAM is f1exible. The units of both the primary and the secondary categories can

be interchanged within the category to provide the inter-relationships of most

importance to the user.

The terms used for categorieal breakdowrl are fai.rly general and were intended to
be so. Within each of the sections, sr:ch as sensing, a further breakdown is required
(not shown in Figure 3). This breakdown is related to the type of operation wit.h

which the categorical section could be connected. An example of this is:
Sensing (Funetion)

Velocity
AcciSleration
Temperature
Pressure

Time (Consideration)

Operational reaetion
Development
Operating
Production

The various units of the Daia Accumulation Matrix may be considered as file boxes.

The tnformation in each file box is concerr::Led with data on man or machine capabilities
and limitations rei-ated to the consfraints bordering that particr.ilar unit.

While there will be no attempt to fiLl the matrix in this report, general consideration
can be given to what is needed to fill the I'boxes.'.' The actual acquisition and

sorting is a fairly Large undertaking and can only be accornplished through a directed
research program" I'urther, the program must be eonfintrousLy updated as changes,

innovations and breakthroughs occur. Using the frfile box" of rrpattern recognition"
previously extracted, data might be coLlected and/or sorted in these categories.
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DATA ACCUMULATION MATRIX
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Lists of devl.ces that can be used to recognize patterns

TLme considerations in their ability to recognize patterns

Attributes of patterns on which the human organLzes

Reaction time to various display media for pattern types

Methods for changlng patterns to qulcken man or machine response

Any relations that can be stated as to the relatlonships between

criticallty, time, and t1rye of pattern.

As information begins to be classified, other areas of data for classification
will become evident. As the state-of-the-art advances, baslc research in the

human factors field wilL be able to suppl"y data on the human abiLity to recog-

nize patLerns, for instance, and further state this in terms of reliabillty or

probability of success. The same information in terms of machines would also
be required.

The Data Accumulation Matrix is a tool and if properly completed with tiurel-y

data, wi1i. provide a I-oglcal method to easily accomplish man-machine trade-offs
prior to system design.
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APPENDtrX A

Mission Anallrsis

The material included in this appendix represents a rough cut analysis of a

proposed manned space mission using the analytic method presented in the main

body of this report.

The analysis is not complete since it does not include al-1 phases described

in the proposed method nor is any particular phase analyzed in depth. The

proposed analytic methocl requires a team of analysts, to work efficiently.

trt also requires a considerable amount of time. Neither of these were

ar,,ai1ab1e to the authors. However, there is sufficient detail, through the

phases prior to the assignment of man or machine, to permit an understanding

of how ttre proposecl method is implemented. Analysis of the PSO Allocation

Pi:ase and subsequent phases requires information not possessed by the

originators of the analytic method.
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Mle s ion

Intercept unidentified satel-1ite.

Determinants:

Crew: One to four men

Landing: Manual control
Specified sites

Courn: Air/Grd Radio Sllence

Orbit; Hohmann Transfer from Park

Vehicle: Winged, sPace

Duration: Four dF-Ys maxLmum

Al-titudel 200 to 20,000 miles

Primary Mission: Cl-assified

-32-
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MISSION SECME}{T

To render the mission into more easil'y analyzed positions, the mission was

anaLyzed and 12 segmenEs defined. By applying the mission determinants as

par'ameters for the analysis, the delineation of the mission segments was

almost auEomatic.

The mission is to get a cre\^/ into space using Hohmann Lransfer methods,

intercepL a target, and return the crew safely to a specified landing site

in a winged vehicle' The vehic.le must be propelled; must attain an approxi-

mately co-planar wa{ting orbit below the targetrs orbit; rrust again be pro-

pelIed in a }lohmann Lransfer to the target's orbit; must flnd the target;

attain proximity to th.e target (dependent on primary mission); return to a

waiting orbiE; re-enter the atmosphere; f1y aerodynamically and locate a

specific landing site, and land safely with the crew intact'

An inspection of the mission segments on the opposite page

the relationship between it and Ehe descriptlon above. It

that each segment is an entity unto itself and has its own

it may be analyzed separately. However, i-f the segment is

its proper sequetlce it has no va.1ue to the mission.

will demonstrate

should be noted

goa1. Therefore

not placed in
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I
Boost 2

Goal:

Orbital injection
Start: T=0

End: Enter orbit

XV

Rendezvous Orbit
Goal:

Search for Larget

SLart: Enter orbit
End: Acq" target

'vf I
Primary

Mi ss i.on

(.c Ias s 1r]-eG /

Re - entry
Goal: Return to earth

aEmosphere

StarE: ReErc-thrust
End: Airfoil control

II
Parking orbiE I'Ao'

Goal:

Prepare for booster

Start: Enter orbit
End: Begin booster 2

IT

Ivlacro - Rende zvou s

Goal:

Track & Intercept
Start: Locate target
End: Proximal track

\rIII
De-Orbit

Goal:

Orbital injection
Start: Retro-thrust
End: Enter orbit

XT

R.ecovery

Goal-: Controlled
etmospheric flight

Start: Trans fer t,o
airfoil control

End: Acq" Land. Strip

xlr
Boost 2

Goal:

Ilohmann trans fer
Start: BegLn propul-sion

End: Enter circuit

\rI

Micro-Rendezvous

Goal-:

Attain close proximity
Start: Proximal track
End: Begln primary mission

IX

Parking Orbit
Goal:

Prepare for entry
SEart: Enter orblt
End: Retro-thrust

xTf
Landing

Goal-:

Safe vehicl-e return
Start; tand. strip acq.

End: Touchdown

X
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Purposive 0perati.on

The next step in the Mission analysis was to determine what was required to

achieve the goals of each missj-on segment. Examples of purposive operations

for each segment are described on the succeedlng Pages. The purposive oPera-

tions are determined by going through the segments analytically beginning with

the start point and reasoning out the steps required to atLain the finish or

end point. The original mission determinants were used as constraints in

developing the purposive operations.
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1 erations

Mission Sesment: I - Boost No. 1

ProviCe required Ehrust

Determine required terminal velocity
Determine length of acceleration time

Determine proper attitude
Provide attltude control
Determine vehicle acceleration
Provide for abort

Keep ai"r crew alive
DeLermine at1 systems in tolerance

Provide safe escape method

Determine hazardous conditions approach

(1)
(2)

(3 )

(4J

(s)
(6)

(7)

(B)

(e)

(i0)
(11 )

-36-
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Mission Segment: II - Parking Orbit ."A"

(4)

Keep man alive
Acquire reference point
DeEermine location, direction, and velocity of vehicle

relative to reference PoLnt

Determine esLimated location, direction, and velocity
of target reLative to reference point
Determine attitude
Provide attltude control
Determine vehicle attitude, direction, and terminal

velocity required for intercePt
Determine point at which to apply thrust
Determine acceleration length

MaintaLn orbital attitude
Provide for abort

Provide inEravehicular conrnunication

Determine required atEitude

Determine systems status

Determine onset of hazardous condttions

(1)
(2)

(3 )

(5)

(6)
(-7 \

(8)

(e)

(10 )

(11)

(r2)
(13 )

(14)

(15 )
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Mi.ssion Segment : III - Boost No. 2

(1)
(2)

(3)
(4)
(s)
(6)

(7)

(B)

(e)
(10 )

(1i )

Provide required thrust
Determine required terminal velocity
Determine length of acceleration time

Determine proPer attitude
Provide attitude control
DetermLne vehLcte acceleraLion

Provide for abort

Keep air crew alive
Determine all systems in Eolerance

Provide safe escape method

Determine hazardous conditions approach
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Misslon Segment: IV - Rendezvous OrblE

Determine requLred attitude
Provide attitude control
Determine siarch area, pattern & mode

Determine systems I status
Determine estimated target directlon,
velocity, attitude
Keep air crew alive
Provide intravehlcular cormmnication

Provide for search

Acqulre reference point
Determine attitude, direction and velocity .

required to effect Macro-Rendezvous

Determine required acceleration/deceleration
Provide required thrust
DetermLne vehl.cle-target relation to reference poLnt
Maintain orbital attitude
Provlde for abort
Provide for continuous search and tracklng

(1)
(2)

(3)
(4)

(s)

(6)
(7)
(8)
(e)

(10 )

(11 )
(12)
(13 )

(14)

(ls )
(16 )
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Mission Segment: V - Macro-Rendezvous

(3)

Keep air crew alive
DeLermine relative target-vehicle range, direction

and velocity
Determine attltude, direction and ve1-ocity requLred

Eo effect Micro=Rendezvous

Determine system status

Determine acceleratlon/deceleration requlred

Provide intravehicular connnunication

Provide for continuous tracking

(4)

r5)

(6)

(7)

(1)

(2)
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Mission Segmeglq: \rX - i'licqe:Bg44gevouq

Maintain orbital atEitude

Provide for Micro-thrusL
Provide vernier eontrol of thrust
Provide for proximal tracking
Provide for abort
Keep air crew alLve

Provide for escape

Determine required rel-ative velocity
Provide attitude control
Determine requlred attitude
Provide intravehicular conrnunLcation

Determine required acceleration/deceleration

(1)

(2)

(3)

(4)

(s)
(6)

(7)

(8)

(e)

(10 )

(11 )

(12)
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Mission SeEmenE: VIT - Mission Ob i ectlve

(Classified)

t,,
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Mission Segment : -vTtrI - De-Orbit

Acquire reference point
Determine vehLcle attitude
Keep air crew alLve

Provide for escape

Provide thrust
Provlde attLtude control
Determine acceleration/deceleration points
DetermLne correct orbit relatLve to landLng site
Determine the approach of hazardous conditions
Provide intravehl.cle cournunication

(1)

(2)

(3)
(4)
(s)
(6)
(7)
(8)
(e)

(10)

-43-
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Miss 10n nt IX T10 Orbi t nBrt

(1) Determine estimated range and dlrection of specifiedlanding site
Determine vehicle attitude
Determine re-enrry window
Determine re_entry attltude
Determine required deceleration
Provide thrust
Provide attitude control
Acguire reference point
l"Iaintain orbital_ attitude
Determine status of alL systems
Provide for escape

(2)
(3)
(4)
(s)
(6)

(7)

(B)

(e)
(10)

(11 )
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Mission Sepe4t: X - Re-Entrv

Determlne vehicle attitude
Determlne required attitude
Provide attLtude control
Malntaln re-entry attltude
Determine required deceleration
Malntain deceleration
DetermLne approach of hazatdous conditions

Provide for escape

ProvLde for re-entry heat dissipatlon
Keep air crew alive

(1)

(2)

(3)
(4)
(5)
(6)

(7)

(B)

(e)

(i0 )

45

-\



Mission Segment: XI - Recovery

Keep air crew alLve

Provide for aerodynamic flight
Provide for aerodynamle controL

Determine required attitude
Maintain required attltude
Determine range and directlon of
specifled landlng slte
Provide for search

Provide for continuous tracking to
landing site
Determine rate of desceht

Provide for safe escape

Determine system status

(1)

(2)

(3)

(4)
(s)
(6)

(7)

(8)

(e)
(10 )
(11 )
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Mission Segment: XIi - Landing

(s)

Provide for safe Landlng

Keep crew aLive

Provide attitude control
Determine required attltude, velocity,
rate of descefit direction and altitude
Provide directional and rate of descent

control
Provide for safe escape

Determine required landing approach

Determine system status

(1)

(2)

(3)
(4)

(6)

(7)

(B)
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PuiposLve OperatLon CLusters

An inspection of the purposLve operations across all segments brings out

clusters of P,O, rs that fu1f111- certain gross requirements of the mission.

For example, in order to achleve deslred orblts and trajectorLes, there Ls

a requirement to guide the vehlcle, To determtne what the desired orbits,
trajectories, etc., shouLd be, requires an abtlity to navigate. To get

the vehicle out of the atmosphere and return it requires propulsion of
some sort. The purposLve operh't{ons that fu1fil-Led these gross requlre-
ments are brought together into clusters to more efficlently accompllsh a

complete analysis. An example of these clusters is on the succeeding

pages.
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Clus of Purposive ons

Attitude Control:

(1)

(2)

(3)

(4)

(s)

Determine requl.red attltude
Determine attLtude
Provlde attitude control
l4aintain orbital attitude
Malntain re-entry attltude
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To Guide:

Clustering of Purpos:Lvd Operd.tiq4

Length of acceleration-deceLeratLon tLme

VehicLe accel eration-deceleratlon
Required acceLeratlon-deceLeration
Maintain deceLeratLon

Provide for aerodynamlc controt
Provide directional" and rate of descent control
Determlne rate of descent

DetermLne required attitude
Provide for attitude - dlrection control
Provide accurate time reference

(1)

(2)
(3)

(4)

(s)
(6)

(7)

(8)

(e)
(10 )

-50-
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CLu.stering ?urposLve OperatLons

To Propel:

(1)

(2)

(3)

(4)

(s)

for
for
for
for
for

ProvLde

ProvLde

Provide

Provf-de

Provide

Macro-thrust
Micro- thrus t
vernier control of thrust
direction of thrust
thrust duration control
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Cl-ustering PurposLve Ofrrations

Miscellaneous:

(1)

(2)

(3)

(4)
(s)

ProvLde

Provide

Provide

Provide

Provlde

for abort

in travehi cu 1 ar conrntrnLcation

for re-entry heat df.ssLpation

for aerodynamic fllght
for safe landing

-52-
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System Status:

ClusterinE of Purposive Operations

Determlne all systems operating in tolerance
Determl.ne approach of system failure

(i)
(2)

s3



Clustering of Pu,rposive Operation

Crew Freservatton:

(1)
(r\
(3)

Keep aJ.r crew alive
Provide safe escape

Determlne approach of hazardous conditions

-54-
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To Navigate:

(1)
(2)

(3)

(4)
(s)
(6)

(7)

(B)

(e)

(10)

(11 )

Clustering of Purposive Operatlons

Determine terminal veloclty
DetermLne estLmated velocity of target
DetermLne ve1-ocity required for lntercept
Acquire reference poLnt

Deter-rine target-vehicl-e relative velocity
Determine correct orbit relative to landlng site
Determine dlrection of target
Determl-ne location and direction rel-atLve to reference point
Determine direct,ion of landlng site
Determine vehicLe direction
Determine requtred landing approach
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To Search:

ClusterinE of Purposive Operatlons

DetermLne search area, pattern, mode

Provide for contLnuous search

Provide for continuous tracklng
Provide for proxlmal tracking

(1)

(2)

(3)

(4)
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PurposLve Operation Sub Clusters

Purposive operation sub clusters have been derlved by pulling together those

purposive operations that contain a common major factor. An exampLe of this
appears on the fo11-owing pages. CombinLng these sub clusters provides for
the efficient breakdoun of purposive operations to their elements within the

orientation of the purposLve operatlon cluster.

-)

.)
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ClusterjllLg of Purposive Sub-Operation
-)

Attitude ControL:

(1)

(2)
Determine requlred attitude
Determine attitude

ProvLde attltude control
MalntaLn orbitaL attitude
Maintain re-entry attl.tude

AttLtude Derivatd.on

Control of Attitude

(3)
(4)

(s)

-)

-)
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Clusterlne of Sub-Operation

for abort -- Abort
lntravehlcular coumunicatlons -- Cournunications

for re-entry heat disslpatlon -- Re-entry Heat

for aerodynanl.c fltght -- Aerodynaml.cs

for safe landlng -- Landing

ivilscel laneous :

(1)

(2)
(3)
(4)

(s)

Provide

ProvLde

Provide

Provide

Provlde
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Clustering Purposive Sub-Operations

Determine all systems oPerating in tolerance

DetermLne approach of system failure

Systems Status:

(1)

(2)
status

-)

.)
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(1)

(2)

(3)

Clus terlng Purposive Sub -OperatLons

Crew PreservatLon:

Keep alr crew alLve

Provide safe escape

Determlne approach

of hazatdous conditions

Life Support

Escape

Hazard Warning

-)

-)

-61 -



Clus of Purposive Sub -Operations

Provide for Macro-thrust
Provide for Mlcro-thrust
Provlde for vernier controL
of thrust

Provide for dLrection of thrust
Provide control of thrust duration

To Propel:

(1)

(2)

(3)

(4)

(s)

Thrust },Iagnitude

Thrust Direction
Thrust Duration
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'Io Gul-de:

Cl-us terlng of Purposive Sub- Opera tLons

(1) Length of accel-eration time

(2) VehicLe acceleration
(3) Requlred acceleraEion/deceleratLon
(4) Maintain deceleration

(s)
(6 )

(7 )

Provide for aerodYnamlc control

Provide directional and rate of

descent conErol

Determine rate of descent

(8)

(e)
Determine required attitude
Provide for attitude-directlon
eontrol

(10) Provide accurate time reference

Acceleration
DeceleratLon

Altltude

Artitude

Time
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ClusEerinE of ve Sub-Operation

Determine search area, pattern, mode

Provide for contLnuous search

Provide for continuous tracking
Provlde for proxlmal- tracking

To Search:

(1)

(2) Search

Tracking
(3)

(4)

-64-
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To Navigate:

(1)

(2)

(3)

(4)

Clustering of Purposive SUE-Operations

Determine required terminal velocity
DetermLne estimated velocity of target
Determine velocity required for intercePt
Determine target-vehicle relative velocity

(7)

Acquire reference polnt
Determine location and dlrection relative
to reference point
Determine correct orbit relatlve to landing

site

(s)
(6)

(12)
(13 )

(B)

(e)

(10)

(11 )

DetermLne direction of target
DetermLne direction of landing site
Determine vehlcle directlon
Determlne requLred Landing approach

DetermLne range of target
Determine range of landing slte

DetermLne vehicle Location reLatlve to
reference polnt
Determine re-entry window

Determine target location
Determine correct orblt

(18) Accurate tLme reference

Velocity

Standard
Spatial
Reference

DirectLon

Range

Spatlal
Position

Time

(14)

(1s)

(16 )
(17 )
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-)

Analysis of the requlrements to accompLish the purposive sub-operation clusters
results ln basic operations that cannot be analyzed further without the assign-

ment of, man or machine. T'he succeeding pages demonstrate the origination of
purposive sub-operations for this mLssion.

-)
!
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1
The Purposive Sub-Operation were then oriented to each mission segment. A graph,

including a List of all PSO|s within a segment and an indication of the relation-
ship of Ehe PSOrs to each other in terms of sequence, hTas constructed. An example

of such a graph is shown on the opposite page. The exampl-e does not describe a1l-

PSO!s in the segment presented because of space lirnitations.

-)

I
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SEQUENCE AND LOADING ANAIYSIS

(MACRO RENDEZVOUS)

Pur ive Sub- erati

1 ) Actual vehicLe veloclty
2 ) Required vehicle veLocity
3) Compare actual & req, velociEy
4) Determine quantity of acceLf

dece1. req.

5) Determine quantlty of thrust
6) Instruction to thrust control
7) Actual vehicLe direction
8) Requi.red vehicLe direction
9) Compare actual & required

direction
10) Present thrust magnitude

11) Required thrust magnitude

12) Obtain environmental conditLons

L3) Obtain 0, partial- pressure

14) Obtain atmospheric temperature

15) Determine if escape required

-68-
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Succeeding Analytic Phases

After the sequencing and loading analysis is completed, the next step is allocation
to man or machine. This analysis has not proceeded beyond this point due to the

eonstraints of time and knowledge limitations relative to equipment.

-)

-)
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APPENDIX B

The material presented in this appendlx is a porEion of the material
covered by the authors to provide them with a broad background for
the analysis presented in Appendix A.
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WORK - REST BIBI,IOGRAPHICAI, SUMMARY

Sr.rirrnary and Conclusions

Findings reported in studies spanning the years from 1894 to 1960 are in general agree-

menE that both manrs performance and his physlologlcal processes exhibit variations that
are a function of his being adapted Eo a 24 hour day. Within broad llmits, conclusions

do noL show that performance varies significantly as a function of the work-rest cyc1e,

provided the work-rest and sleep-wakefulness ratios are held constant and the period of
performance observation does not exceed one week.

Cons'ideration has been given to the work-tasks and the measurements in change of per-
sonnel performance resulting in varying the work-rest scheduLe. For example, passive

tasks such as monitorLng and vlgilance have been found to be more sensitive to decre-

menE than tasks r,fulch engage the worker more actively. If performance is to be

measured most effectively, appropriate tests should be administered under conditions
as comparable as possible to the operational situation. The tests should measure not

only performance but also contributing factors such as motivation, learning and skiLls
under realistf-c work condltLons 

"

UnEil lnvestigations of personal indivldual processes of adjustments to change in work-

rest cycles, accurate descriptions of the apparently complex relatl-ons between these

processes and the durations and activLties of the work, rest and sleep perlods will not
be possible"

It may be hypothesized, however, that in many experiments various adaptive and motiva-
tional factors might be preventlng the occurrence of differences in performance,

especially i:nder the condLtLons of short-term study. These factors are of decided

i.mportance and may account for some of the confllctLng results obtained in the labora-
tory, fi.eld and industrial studies reviewed. hlhen attempting to reaLlstically slmulate
space flight conditions for research and tralning purposes, acute or chronic psycho-

logical impairment of, the test subjects have distracted from a realistic, operational
situation. Studies thua far have dealt with space flights of extended duration, but
with a minimum ererr. Larger vehicles, with more diverse crew performance in various
specialized roles, present a greater field of research. Conversly, sma11 crews of
t\,Jo or three merl performtng redundant operations of monitoring and problem solving -
r,ilrere systems and human performance re<iundancy has been imposed as a defense security
measure - present a monotonous situation. During these long duty hours boredom Ls

7L



magni-fied, thus i.ntensifylng psychological stress and uLti.mateLy contributing to per-

formance degradati.on. For example, some of the following are questions v*tich wouLd

stirmrlate further research.

- Should ttrere be atrrigidrtassignment of tasks and responsibllities among the

crew members, or would some rotational plan afford a measure of needed

physical and mental variety and flexibility?
- Should all crew members be kept equal-ly active durlng alL phases of the

flight even if it requires some ttbusy trork" which, if recogni-zed as such by

the crew, might adversely infLuence their attitudes ?

There are many research questions which should be asked - and answered - in relation
to manning and scheduling for advanced spacecrafts. These deal with the cuimrlative

effects of stress, very intense motivation, and the extent of over-and cross-training
of crew members to meet unknoun situations. Intensive research, simulatLon, and pro-
gressive operational experience must give us answers to these problems before flights
of longer duration than we now know can be undertaken.
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I^JORK - REST CYCLE BtrBItrOGRAPHY

?eEers, George A, and Dendl, llans J., "Personnel Requirements in Manned Space Vehicles."

4st-f o. Sci.gqces &eviery, 1960, 9-L2,

l"his paper iliustrates our preliminary apProach to determining an optimum scheduling

of space crews and the basic considerations such as work periods, rest, feeding, dress-

ing, relaxation, exercise, and the ellminative functions of man in extended space

bravel. One of the m4jor assumptions is the necessity of closely following the time

paLEern already used by man on earth. According to Thompson, it is possible for man

to make adjustments to diurnal cycles within the range of 18 to 28 hours. Accordingly,

t:he minimum day-night cycle would provide 8 hours sleep, 8 hours work, and 2 hours for

oLher aetivittes.

fi.ecent research on work periods may be summarized as fol-lows:

1" 'Ihere is a characteristic decline and increased variability in the performance of

hurnan operators under most vigilance conditions as the elapsed time increases - mani-

f,esE in more frequent errors, longer reaction Lime, and complete failure to respond

to certain signals.
2. During the most erucial phases of equipment operation, the operators may be in a

s'Eate of, bored inattention or under great stress.

3" In the i-nterpretatirrn of complex displays, the human operator is an imperfect

receiver and subject to certain biases which distort his perception - attitudes,

expectancies, prior outpuL, pseudo-confirmation, etc.

4. The more eompl-ex the displays and the less action-oriented the indicators, the

more prone the system is to delay and error from its human system.

5" The "perfec'E" equipment is rarely teaLi-zed in operational equipment. It is too

often "clutLered .rp" by additional superimposed requirements, limitations in engineer-

iirg st-aLe-of-the-art, developmenLal modifications, artifacts, and supplemental equip-

me'ftL. At r,vhat point ca.n it be known thaE crew members may be given more and more

task.s to perform unti.1 they are overburdened?

6. Xn order f,or sustained ef,ficiency in the performance of monotonous perceptual

tasks, provisions should be made to counteract. petformance deterioration. The provi-

s'i.ons can be ni:ted as; (1) providing rest periods, job rotation, (2) unburdening of

ihe operai:or d,-iri.ng critical mission phases, (3) adequate QC of flight personnel,

(4) special prof,iciency training, proper human engineering of di-splays, and (5)



adequate reliabiliEy and redundancy within the system.

7. The influence of, mtnimal stress (externally created - e'g., noise; or internally

created - €.t., tear), during critical phases of the flight should be mi-aimized by

proper desi"gn of the system. Some allowances should be made for possible loss of

efficiency and fatigue when these are further compounded by other adverse factors'

Personnel assignments of primary work stations is illustrated by a chart showing the

work schedules for an "8-8-8" stagger system (3-man crew)r anr''t8-B-Btr stagger system

(6-man crew) and a "4-2-4" stagger system (6-man crew). For the'18-8-8" 3-man crew

work-rest cycle is required by 8-on/16-off with cournand responsibility for the fu11

B-hour duty period. The r'8-8-8" 6-man crew work-rest cycle is also requi-red by 8-on/

16-off with a staggered conrnand responsibility only fourlhours out of the eight.

Tne "4-2*4" stagger system for a 6-man crew shows a work-rest cycle of 10-on/L4-off;

however, cluring the lO-hours of duty, two 4-hour work periods are separated by a 2-

hor-ir rest period and f-he command responsibility is for two hours of each 4-hour work

period. fhis tt4-2-4tt sLagger sysEem should prove to be the most effective when

compared to a single B-hour period, although further research evidence is needed in

this general area.
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Ray, J, T., Martin, 0" E", .Tr", Ai-luisi, E. A. iiuman Performenee as a Fu:etion of,

the Work-Rest 9rc1e (a revl-era of selected studies). ,{atio';:al Academy of Sciences

Iia-Lionai Research Council Publication BB2.

Studies relating to the effecEs of differenL work-rest cycles and man's performance

are revtewed in this report, Included are only those studies in which; (a) observa-

tions o:r performance exterided for 24-hours or longer, and (b) results pertaining to

the general problem of opt'lmi-zLng performance through the scheduling of work and

rest periods were given.

While several specific conclusions are supported by the studies reviewed, the number

of generali"zations are limited. trt is not yet possible to describe accurately the

compie>l relat-i-ons among performance variables, work-rest cycles, sleep-wakefulness

cyctes and the durations of the work, rest and sleep periods. The need for addi-

tior'ral long-term experimentation is evident.

This review ci-tes two studies by Adams and Chiles in addition to I{ADD T'R 60-248.

fir one of these college students were also tested over a 96-hour period. In one

e:<periment, 12 subjects worked a 4-on/2-off schedulel and in the other, 10 subjects

vrorkcd a 6-onl2-off schedule. The performance data indicated no superiority of the

4:2 schedule over the 6:2 schedule" Hoi^rever, the questionnaire data suggested that

severe decrements woul-d probably result from prolongation of the experimental period

in the case of Lhe 6:2 schedule, but probably not in the 4:2 schedule.

Tn the other str.rdy, members of two Air Force B-52 bomber crews \^7ere tested. on a 4;2

schedule ovcr a 360-horrr (15 day) period. The general conclusion drar'^m by Adams

and Chiles from fhis series of studj"es was thet it i-s feasible to e)<pect a h'ighly

motivated man to maintain acceptable"performance levels on a 422 sch.edule for
(isolation periods) as long as 15 days and probably 30 days.

Tn contra,st to some agreemen.t evtdent among f"nvestigators of mentat etflcLency dur-

ing ruork-rest cycle studtes, other invesiigators of watch-keeping performance or

vigilance tlave arri,ved aE confltcting::esults. Some ira're indicated tLiat man is

capable of su.sLained schedules of work and rest with the occurrence of liEt1e or
-no decremenf. -!'n vig-J"1ance" Other studies irave reported that perforrnance decrements

do occur duri.ag prolonged periods of watch-lteeping"



Adams, 0, S. aad Clhi.les, W. D., Huma.4 Performance qq 4l$nc!io4 of, tire ]ntpr&-BeE! Cyq1e.

I^IAID TR 60-248, llarch 1960.

?l:is study is designed to investigate the effect on performanee of four different work-

rest peri.od schedr:les: (1) 2-off /Z-on; (2) t+-ottl4'on; (3) 6-off/6'on; and, (4) B-off/
8-on. fhese comparisons were made over a 96 hour duty assignment. The subject sample

consisted of 16 male college students with four subjects assigned to each of the four

work-rest period schedules.

Performance was measured by the means of a battery of psychomoEor tasks involving
arithmetic computation, pattern discrimination, moniLoring, and vigilance. Additional
data werc obtained from responses to environmental questions asked of each subject.

T.hese subjective techni.ques were administered at the end of the psychomotor tests.
Pr€sponses of "yes" and "no" or weights indicating the extent of positive responses

were scored to questions of the fo11ow types:

- Did you get enough sleep?

- At any time did you feel that you could not continue rdth tire experiment?

- Do you f,eel that your performance suffered at any particular time or times

during the 96 hours ?

- Did you aE any time feel resenLment toward the experiment?

- Eo you feel that your work-rest cycle would be a good one to aircrews?

- l'Jere the tasks, as a group: Very difficult
Moderately difficult
Reasonably easy

Extremely easy

A1 tirough the performance tasks failed to di-fferenti-ate among the four experimental

groups, the observationai- evidence suggested that the subjects'j.n the 2-hour aad 4-

hou.r groups a-ch{.eved a rnore favorabLe adjusLmen'L Eh.an those in tire other tr,/o groups.
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AI{NOTATED BIBLtrOGRAP}IY

Spacecra ft MainEenance

Ca:i.nes, K. L, D" The feasibility of manned orbital maintenance. Douglas Aircraft
e,r., Ielh Bep,, SN|-4L449,7962.

Manned and unmanned space vehicles will have to be repaired while in the orbital
environment" This can be accomplished in a limited fashion by machines. llowever,

the most efficienL system for performarice of maintenance in space will utilize
di-rectly the capabiliti-es of the human operator. Machines cannot replace man in
versatility and capability when we hold constant such dimensions as volume, weight,

anci reliability. The latter are important consideratioas for space systems. This

reporL is the result of a literature search, with accompanied analysis and evalua-

tion. It i"s primari-ly concerned with man in the extraterrestrial environment. It
,iescribes many of the prime factors that will influence the use of man in an orbital
repair systern. Physical, psychological, physiological, and mechanical problems are

discussed. Reconrnendations are presented which are pertinent to the design of
system, components, and procedures for the efficient preparation and utilization of

the orbital maintenance marr.

Dzendolet, E. Manual application of, impulses while tractionless. Huinan Factors,

4 , i'iovemb er 19 60 ,

-rnlhen a man anchored by one handhold ifl a tractionless situation, applies a large-

force impulse, he places himself directl-y behind the point of application. The

shape of the graphic representation of the tractionless impulse j-s saw-toothed

wteh an appnoxiinate area ot 3/4 Ehe rectangte formed by Ehe time base and the

f,orce height. The duration of the impulse (range 5-40 lbs) is a function of the

i-ne rease i.n required force. Pu11-out impul.ses are sta-t-"Lstica1ly and practicaliy

shorter than push-tu impulses. Maxiinrrm duration cf imprll-se for 40 1b force is .5

secs for push-in and .3 secs for pu11-rcut i-mpu1ses. A man can seat a piece of
equipment in chis foree range wj-thout a handhot<i by gradual release of the re-
bound f,eirces by muscular corLtrol such ti:at no single mr:scular impulse exceeds Lhe

fricti.onal f,orces of the equipment"

-)
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Dzendoiee, E. and Rtevley, J. F. Manrs abi"lity to apply certai.n Lorques while

weighcless. WADD T.R. 52-94, WPAFB, Ohio, April 1959.

Tentatir,,ely conclu<led that standard anthropometrie data can legiti-mately be

extrapol-ated to the weightless condiEion. SuggesLions are advanced regarding

(a) the optimum body position for a simple tightening task without using a hand-

ho1d, (b) t1're use and location of handholds, (.) maximum torque limitations, (d)

the use of impulse, (e) the design of handholds.

Isakob, P. K" Problems of weightlessness. Nauka i ZhLzn,22,77-20, Appendix XX,

RM 1760, L955.

This is a discussion of weightlessness and its total effects also directing addi-

iional s[udies in various specific areas. Of most importance was the description

of a ta.sk oriented experiment in a weightless environmenL. A man was given a

paper and pencil task Lo aceomplish under 0 G environmenL. First attempts to

complete the task proved fruiEless. However, repeated attempts resulted in

successful and eff,icient task completion. Results indicate that man can adapt

his coorCination to the weightless state and with sufficient training accomplish

mosL manipulative {:asks"

Peters, G, A., et al, J'2 space maintenance: preliminary study, Rocketdyne Div.,

North American Aviation, ROM 2181-1004, July L962.

A prelimLnary study of the feasibility of performing space maintenance on sPace

propuision sysEems was conducted ar Rocketdyne' Two pressurized, sof,t anthro-

pomorphic suits were r:.ti1ized in the perf,orma'nce of selecLed maintenaRce tasks

on a J-2 engine of the latest R&D configuiation. The results indicated that the

prese'nt design of tools and space suits is insufficienL for efficient maj-ntenance

activiti-es,

Ee-vnotrds, "T. B,, et a1. Stu<iy in the utilizatj-on of hand tools in ripace, l{AA,

Miss:ile D-.Lvtsion, WAD-D TR 50-535, August L960.

Ti-iis sLudy attempted Ec. ut-j-li-ze present hand tools for space maintenance and to

present parameters for special space tools " T.tlsuf ficient attenti-on was given tcr
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enlr'ironmental- eondi.Eions other than weightlessness. l'c concluded thar most hand

too1s woutd be used but only after extensive modifi-caEi'on" Reconrnendations were

rnade for a zero-Teaction too1.

Spacecraft Envi"ronment

Gunn, W. H. Human engineering. Air Line. P!1{, 30, 151:4-6,22 July 1961'

An experienced piloE discusses potential inazatds built into the design of some

aircraf,E because engineers did not take into accounL the human factor' The

rnajoriEy of these potential hazards are related to visual information presenta-

Lion, in such areas as instrument design, systems and conLrol design, etc'

Other factors are related to design of comfort factors where fatigue can result

from dj-scomfort. More human engineering is recommended to eliminate these

hazerds "

Ke11ey, C. R" Engineering psychology and human factors in design. V: man and

Lhe control process. Electro-Techncl., 67 5z 119, I"lay 196L"

Tne tollowing topics are discussed: (1) devices vflrich extend man's capabilities

(measuring, transitional, and control devices); (2) important characteristics of

controis (locaci-on-i-dentification, transmission of energy, and Eransmission of

informarion); (3) some of the factors which influence the effectiveness of a

control in transmitting information from a man into a system; and (4) man and

the control system involving open vs. closed-1oop control, man as a control

system operaLor, and man as a control system element" This stresses two quite

<iifferent rol-es that man plays with respect Lo the control system: (a) he

suppiies Lhe control system inpuE anci (b) he may serve as an element in the

system. Despite his limitations, in many systems man sti1l forms the finest

cont::ol elemeat available. Consequently, the tirne is -not near when the control

system director will be the soie focus of attenLion i.:r human factors ei-rgineering

Krimshtein, A. E. A method for studying occupational proficiency arrd inciividual

apptiEudes of, pilots in the eva.luatircn of posit-J-on -i-n space" Military Medical

.&qrna1, Lz97 u L961.

A metlroci of employing si..mttlated instrument panels and projecLion of airplane
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silhcuettes on sl-ides is described for use in t-he evaluatj-on of a pi-1otrs apti--

tude and proficiency in determining his own position in space by instrument read-

ings and the flight direction of enemy aircraft from silhouetces.

Ritchien tr,. F., et al, Some control-display aspects of manual attitude control
in space. Advances Astronaut Sci., 6:770, 1961.

Schubert, J. E. and Bovee, H. H. SanitaEion problems in space flight. The

Sanitarian , 242!, March L962.

This arti-c1e discusses the sanitation problems relating to food, water and

waste disposal in ma:rned spacecrafts, and the increasing complexity of these

problems wi-th a,n increase in dr.rration of sPace f1-ighLs. OperaEion of the bio-
medical sensors for an algae supported manned test l-s discussed"

Shear:er, Ja-ck. E", and Dor,r'aey, Peter. Design study for cabir lighting of
orbiLal fiight vehicles" WADD TP,50-122, April 1960"

The factors involved i.n the destgn of a general lighting system for the cabin

of a completely enclosed space vehicle are discussed and evaluaied. These

factors esEabi-ish tfie criterj.a and requi.rements for a suitable lighting system

whj.ch may t,e used in space vehicles requi.red to orbit for proi-onged periods

(30 days or longer).
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An j-rivestigation was conducted to determine the ability of a human operator to
control the attitude of a simulated exo-atmospherie vehicle using several

different combinaLions of displays, controllers, and control systems. The dis-
plays were a three-axis moving sphere type attitude indicator with and without

body-axis rate indicators. Three controller arrang.ements were studierd --
individual hand eontrols for each of the three axes, a three-axis integrated

controller, and a combination of the integrated controller and foot pedals.

Proporti-oaa1 and on-off controls were used with the integrated controller.
The operaEors were instructed either (1) to stop the attitude spin or (2) to

stop the spin at a particular attitude. They were able to stop the spin with

an effici"ency of about 90 percent and in less than 10 seconds with the best

control-display combinations. Detailed suggestions are made for further precise

experimenta tion.



U, S, SenaCe (B7tir Congress, 2nd Session) Staff Report. Manned -qpeqe flight
U. S" GovernmenEprq€r4[ of the ];AEA: Pro ects MercurJr Gemini a.Ir4 Apo1lo"

Frinting Office, Washington, D, C", September L952"

This staff report and study is derived from unclassified information released
by NASA and testimony concerning the manned space flight program given during
conrnittee hearings" The program expands ?roject Mercury to consist of the
f,o11owing major elements :

Mercury suborbital flights Project Apo1lo:

Mercury orbital flights Earth orbital flights
One-day manned missions Circumlunar
Project Gemini Lunar landing

ttigures show the 'rarious spacecrafts, launch rzehicles and engines required to
aehteve lunar landi"ngs" Also included is the program that might be expected

to fo11ow the lunar landing: a manned orbiting scientific laboratory" An

appendix to the report gives a brief description of the Dyna-Soar manned space

flight project from its inception in 1958 until it was redesignated in mid-L962
as the X-20 project" The appendix also includes a sampling of some events

which developed into present U. S. space programs"

-'/an Ws-rt, F" D" I{uman factors in long-range aerospace f1 ight.
As E.ronegt S"!. , 9:404 , 196l "

Advances

Ti-re human-factor results of an B-hour 36 minute f1 ight Ln a B-47 aircraft are

describeC, Some aspects of terrestrial-flight simulators and associated human

factors are related to e)<t.raLerresErial flight" In particular, human factor
problems of comfort and effici.ency are compared for a standard ejectircn seat

and an experi.mental, long-range ejecti-on seat havi"ng a dynamic cushion and

lumbar support pad as special features, Discussions of human performance and

method"s of, assessing tt are included a.1ong with data on nutrit{on, excretion,
and crer,.r performance,

Perscnrre 1 P\equtrements

Adams , .0, S

resL cycle"
ead Chj,1es, Ir'1. D" Human performa'nce as a firnction of the work-

iJAni.) TR 60-248, ARDC j I^7pA?'8, Ohio"
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This study was designed to investi.gate the effect orr performa-nce of four

differenL work-rest period schedules (2 on and 2 of.fr 4 on and 4 af.fr 6 on anrl

5 off, and I on arr<l 8 off) followed over a period af 96 hours" 'fi-e subject

sample consisted of 16 male college students with 4 subjecrs assi-gned to each

of t1-re fou:,: rnork-rest period schedules. ?erformance \des measured by means of

a batt.ery of psychomotor tasks involving arithmetic compuLation, pattern dis-

crimination, monitoring, and vigilance" Additional data were obtained from

information recorded in an experimenter I s logbook and from responses to a

subject questionnaire administered at the end of testiag. Although the per-

formance tasks failed to differentiate among the four experimental groups, Ehe

observational evidence suggested that the subjeets in the 2-hour and 4-hour

groups actrlieved a more favorable adjustment than those in the other two groups.

Berry, H. A., and Payne, T. A. Displays in space vehicles. Douglas Aircraft

Co., Final Report LB 30299, September 1959.

This repori is concerned with the display system to be used by tire human

operator in orbital vehicles, The mi.ssion and vehicle and hypothetical and

general, and emphasis is placed upon displays for guidance and control of the

vehicle" The operators funetions are di.vided into two groups: (1) the conLrol

of flight attitude; and, (2) eontrol of vehi-cle position. A third group of

pureiy mechanical functions are treated in a broad sense on1y. The system

describes a 2-rnan crew and -i.ndividual and crew responsibilities, The primary

attitude control probleur emphasizes the need, in the primary control man-

filnction, for speed and accuracy of operator responses during Lhe boost ptrase

of ttie flight,

Broadbent, D. E" Hurnan arousal ancl efficiency in performi.ng vigilance tasks.

22, 7:3L4, 320, July L96L.Dis covery

Stud,ies of wcrk eff,ieiency in various rrigilarLce tasks have uncoverecl severa.l

factors, important in the maintenance of an opiimum levei of arousal ' The

probability cf a, signal was found Lo be sf-gnif,icant to its ef,ficiency apart

fron iLs aro".rsal p::operti-es. fne effj.ci.ency is higil witi: a i"rigi': signal rate
but d,eteriof*i:e-. rrnd.er lorr .signa.l p:robabtl.ity" Ef,fictency-Ls af.fect.ed" ".



by the diurnal rhythm of many physd.ological functionse state of sleeplessness,

fatigue, and 1eve1 of background stirmrlati.on. Ilighly arousing conditions also

tend to produce a deterioration in efficiency with tlme, probabl-y as a conse-

quence of the increased amount of errors in over-arousal- states.

Dryden, Hugh L. trmpact of progress in space and science. U.

Printing Office, L962.

S. Government

Arguments for the need for man in space are presented in thLs report. Some

scientists have questioned the necessiLy of manrs role in space ln view of
the economy of added weight-equlpment to support them. Men aboard space-

craft will provide increased abillty to observe phenomena in space. Instru-
ments can gather and transmit only information lrhich they are prograuuned to
obtain. Many X-15 missions i.d:ich have penetrated the fringes of space would

have failed had there not been a pilot in the cockpit to correct equipment

malfunctions. Space exploration is a firmly established activity of the

human race. None of us knows the capacity of man to grow and adapt. Space

travel opens a brilliant new stage in mants evaluation.

E1y, J. H., et a1. The measurement of Advanced flight vehicle crew proficiency
in synthetic ground environments. Behavioral Sciences Laboratory, 6570 Aero-

space Med. Research Labs, MRL TDR-62-?, AMD, AFSC, WPAFB, Ohio, February L962.

This report is devoted to the presentation and discusslon of major considera-
tions in the design of systems for measuring the proficiency of advanced flight
vehicle crews in synthetic ground environments. Emphasis is given throughout

to the logic of profJ.ci.ency measurement and the general probLems involved
rather than to the analysis of specific details. Successlve portions of the

report deal with general- measurement concepts, procedures and steps i.n design-

ing measurement systems, an example application of the material presented, and

the anticipated characEeristLcs of, advanced fli.ght vehlcle simulatlon equipment

related to proflciency measurement. In additio!], a historical overview of air-
crew proficiency measurement emphasLzi"ng early work and a list of study refer-
ences on rating methods are appended. As it provides a considerabLe back-

ground of inf,ormation on proficiency measurement, this report wl11 be of
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interest to indiviciuals directl-y concerned with simulator ilraining programs,

proficiency eval-'iration and st,andardization, training stanciards, and training

eqtiipment procurement for advanced f1 ight sysL.ems.

King, B, G,, et aI.
Operatiorrs Research,

Weiehtlessness fraining requirements and Solutions,

trnc.

This is a discussion of weighrlessness and ttrre problem of training men for

space filght. Included are discussions and experimenLs concerned with bio-

mechanics, psychodynamics, psychophysiological principles and mechanisms,

training requirements, techniques and equipment. This is an excellent

reference re zeto gravity and man in space because it covers both the

general anC specific bio-physical and psychophysiological problems. Of

particular note is Ehe author's references to using a water tank as a weight-

less trainer.

K1ing, J, W", and SchlosberZ, H.

pr.lrs'.rit during extended practice.

June 1951.

R.elation of skin conductance and rotary
?ercep tual and Motor Skills, 12, 3:270,

T1-re relationship of changes in skin conduct.ance during alternate blocks of

practice and resL to Ehe r,rork-rest cycle is discussed. In a previous in-

vesti.gation, naive subject.s showed a sharp increase in conductance when

inarned to get ready to work, and agaln when warned to stop \^Zork and rest.

The possibility exi-sted that the "ready" and "rest" rises may have represented

surprise or startle of unsophisticated subjects at the reception of unexpected

comrrands, Deta are herein presenEed of a subject r'rho served in nine sessions,

each of r.ilrj,ch included three 5-min. blocks of massed (continuous) rotary
prrrsuit practice, separated by 5-min, rests, The sharp increases in conduet-

ance observed for this subject at the start. of Ehe task, and again at the

begi.nning of the rest periocl (rohich cannot be due to unfamiliarity with the

routine) are concluded to be representative of general features of a work-

rest cycle.
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Physiological Aspects

Anstis, S. M., Shopland, C. D., and Gregorlr, R. L. Measuri-:rg visuaL constancy

for sLationary or moving objects. Nature, 191- (4786):416, London, july 1961.

A method is described which is used in the study of size and shape perception
of stationary and moving objects. It is known that continuous perception of
movement produces an aftereffect of apparent movement in the opposite dtrec-
tion. fhe authors observed a similar phenomenon after viewing expanding

shadows on a series of screens for one minute; as an aftereffect, the shadow

appeared to contract. This effect may be important in the interpretation of
perceptual judgments in flyi-ng or driving.

Barron, R" D, Occupational in
electromagneLic spectrum" Med

1960.

the eye resulting from exposure to the

,lour. Canada, L6 u 6:487, 0tta\^ra, June

juri.es to

" Services

The physi.cal properties of the major divisions of the electromagnetic spectrum
are reviewed. Knor'm hazards to the visual organs from these major divisions
(cosmic, nuclear, ultraviolet, visible light, infrared, and microwave radia-
tions) are related to current occupatlonal problems and injuries" Methods are
suggested to prevent and control these injuries.

Bogan, R. H., Chapman, D. D. , and Ericsson, L. H. Aerobic biological degrada-
tion of human waste in closed systems" Advanced Astronaut Sci. , 6: 390 , 196L,

An investigation uras made of the susceptLbility of human \^/aste matter to bio-
logi.caL degradacion over a 25o to 50o C, temperature range. The activated
sludge process offers many advantages over alternati-ve methods of treatment
of human waste" trn a bench-scai"e pilot facility designed about the activated
sludge process, data were obtaj-ned on reacEi.on velocity consfants, chemtcal
oxygen demand, and carbon dioxide and anrnonia production at the various
temperatu.res, The cultures were subjected to l"oads ranging over 3- to 25-day
retention times, Based on these daLa, design criteria for inclusion of such

systems in a closed er:.vironment have been developed. The results indicate
that such a biological combustion unit, with supporting apparatusr may entail
only 1 ft. per man"
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Bon.d, A. 3", De1 Duca, M. G",

ti-on dosage in sPace flighrs.
and Babi"nsky, A. D" Methods of predicting Radia-

Advances Aslrorr-ag! 094., 62302, 1961"

Two computational methods are discussed lilrich have been used to predict total

radiation dosages receirred in passing through the Van A1len radiation tests in

flights departing from Earth. A fu11y automatic analog computer technique is

presented which can be used for computation of radiation doses received in

trajeetories in the equatorial plane. For trajectories inclined to the equator,

a combined mechanlcal and electronic system is described in vfiich instantaneous

trajectory parameters are inserted manual1y" ?reLiminary results of the total

integrated radiation dose received in-various low thrust and ballistic trajec-

tories inclined to the equator are also presented and discussed' The results

suggest the possibility of developing devices which may aid safe navigation

through radiaEion f,ie1ds.

Bullard, R" W., and Crise, J. R. Effects of carbon dioxide on cold-exposed

human subjects. Jour" Applisq Physio-1', L6, 4:633-638, July 196l'

Iluman subjects were exposed to an ambient temperature of 50 C. for 75-minute

periods, Subjects breathed 2.5%-6% carbon dioxide for selected time periods

during Ehe exposure. Carbon dioxide appeared to inhibit shivering. After

carbon di.oxi.de inhalatton, shivering and metabolism \^/ere greatly increased.

When 6% carbon dioxide was inhaled for 30 mLnutes, the inhibition was over-

come and shivering and metabolism approached high levets. The increased

respiratory heat loss associated with carbon dioxide breathi-ng may be one

facEor causing the breakthrough of the inhibitlon"

Chandler, K" A, Th-e effect of monaural and vinatrral of different
Jour. Peychol", J4,invensJ-ty on the visual percepEion of verticality.

2z26A, June L96L"

The present sEudy was designed to f.nvestigate Ehe eff,ecr of monaural and bi-

nar:ral atrdd"tory sEtcnulation upon the visual perception of verticality.

Apparent verLicality was d.eterzniried whlle subjects were stimul"ated under nine

different condlELor.rs of auditory stimulati-on e-nd five diff,erent starting

tones

Amer.
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posittons of the vlsual object. Forty-eight subjects, 24 men and 24 women,

were tested. Ttre results are (a) that the apparent vertlcal was shifted

away from the side of monaural stimulaEion and away from the side of greater

intensiEy in dichotic stimulation; (b) th.at the magnltude of shifts in the

apparent vertical are related in a direct fashion to the inEensity of the

auditory stimulus; and (c) that dichotic stimulation did not induce shlfts
in the apparent vertical different from those obtained with no tone, used

as a control-condltion. These resulLs are in general agreement with the

notLon that different types of stimuli are funcEionally equlvalent and may

interact in a summative fashion"

Coermann, B.o1f R", et al. Human performance under vibratlonal stress.

ilunrqe Feglalqq, 4, 315, 1962"

Blindfolded subjects, restrained by standard harness, sat on a modifled Air
Force chair, which was progranuned to move in random patterns in pi-tch and

ro11, the subjec'Es counteracting these motions by using a controL stick.
The whole device was mounted on a mechanical shake table producing vertical
sinusoidal motion at frequencies ranging from 2 c/s to 20 c/s and at ampli-

tudes corresponding to about one-third of the subjective toLerance llmits.
The angular deviations from the upright positf-on were evaluated relative to

the disturbing input for both pitch and ro11, one mi"nute duri-ng the vlbration
experience and one minute after cessation of the vibration" Some individual
subjects were not influenced by the vi"brations; others showed performance

decrements" In the mean, Lhese measures of hu.uran performance refLect all
mechanical resonances withi"n the body, previously established by other

methods" The frequenctes most affecting performance were found to be between

3 and 12 c/s" Residue"l effecLs were detected by the measurements after
vibration,

E11is, 0,, Steinman, L", and Ludwig, F, fhe tunnel display concept.

Advances AslEp4aut Esi", 92357, 196L"

One of the problems of space fravel is to provide the astronauL with a suit-
abl"e frame of reference and oLher visual displays or auditory slgnals to

87-

-)

-)



enable him to keep his craft on course and to i.nform him of slgniflcant
events, One means of dolng so ls the use of the tunnel display concept,

which relates to an advanced integrated format for fhe display of pllot/
navlgator (or spacecraft controller/occupant) lnformation, In this displ-ay,

the status of system constraints in their entLrety is presented in a visual
form perceptually naturaL to the controll-er; namely, in terms of dynamic

alterations of spatio-temporaL relationships. Mlsslon profiles in conso-

nance with system LLmitations are preprogrammed and become effectLve upon

selection by the controll-er" In addltion, varLous three-dimensional dis-
plays and the use of words and sounds as directive or alteri.ng slgnals
are described and various crf-tl-cal situations are illustrated. Means of
mechanizing the control equatlons and lmplementLng the system are given.

Franken, P. A. Methods of space vehicle noise prediction. I,IADQ TR 58-343,

WADD. WPAFB, September 1960"

The effects of rocket engine noise on communication and hearing are con-

sidered in detail" General corruments are made concernLng vehicle and equip-
ment design for noise control.

Ge11, C" F. Biological stressors in atuospheric and extra-atmospheric
flight, Jour. Internat. Col1, Surgesnq, 36, 1:B-L4, July 1961"

The probLems of aerospace f1lght are briefly described, especially those

concerning biol-ogi-c stresses" The hlstori.cal discoverles of aeromedical
problems are reviewed with emphasis on the need for continued research in
order to overcome them"

Gerathewohl, S. J" Zero-e devl-ces and weightlessness sLrmrlators. National
Academv of Sciences - Na_ti.on4l Research Cpllncil, Publication No. 7Bl:1-43,
Washington D. e", 196L"

A comprehensive report is given on zero-G devices and weightlessness sLmu-

lators. The zerog devices covered are vertical- motion devices (e"g., the
drop tower), varJ.ous aircraft, and ballistic missiles. The weightlessness
simulators discussed are the nu11-gravity simulator, the NASA weightlessness
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simulator, the I,{ADC frlctLonLess devLce, the orbital air bearing sLmulator,

the muLtl-axts test facility, and the Martin reactLon control simulator.

Suggested areas are given f,or research in subgravlty and zero gravity
effects.

Hori, H,, and Negasawa, A, An experimental lnvestlgation on Reaction Time

-- especially, on the results of visual accoustic-reaction tlmes by hand

and foot" Report of the Aero Medical Experimental Group, Japan, No. 3L,

ivlarch L960.

The reaction times of the hands and,Jeet of 75 subjects rdere measured with

repeating audltory and visual stlmu1l at various intervals of recurrence.

Acoustic stimulL produced reaction times about 20 mtll-iseconds shorter

than visual stl-muli, and hand reactlon times" There were no observabLe

differences in reactlon times between the right and Left extremities.
Ihe shortest reaction tlmes were observed for 1-2 second Lntervals between

stimuLi.

K1ein, S. J" Relation of rmrscle action potential-s varl.ously lnduced to
breakdown of work in task-oriented subjects" Perceptual and Motor Skil1s,
L2, 2t 131-141, April L96L"

The object was to determine whether the relationship between MAP (muscle

action potentials) and breakdown of work are dependent upon how lulAP are

lnduced. Different l-evels of MAP were induced within the same subject

by varying the rate at which he lifted a constant weight in an erographic

task and the temperature of a thermal stimulus applled to the working hand.

Breakdown of work, L.e,, the extent to which the subJect he1-d weight sus-

pended agaLnst gravity, was measured in ml.lllmeters and correlated with
the eoncomLtant I4AP under eight separate conditions. Ihe resul-ts indicate
that, regardless of how induced the relationships between MAP and break-

doun of work are generally in the same direction. That Ls, increased I4AP

were associated with Lncreased breakdown" The results are discussed in
terms of their implications for the phenomenon of "freezlng'r in sLressful
situations as well as for other theoretical- considerations.
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T-ange, Karl- 0., and Coermann, Rolf R" trlisuaL acuity r.lnder vi.bration.

Iluman Factors, 4, 29L, L962.

The influence of vertical sinusoidal- vibration on the visual aculty of LZ

human subjects sitting restrained and w'lthout padding in an airpl-ane seat

mounted on a shake tab1e, was investigated in the frequency range of 1 to
20 c/s. A novel visual acuity Eester was developed to achieve high

accuracy of measurement and to obtain a great many observations in short

time periods" The decrement of visual acuity normalized to a shake tabl-e

accelerati-on at 1 G (vector) was determined. Maximum decrements occurred

at those frequencles where resonances of the r,fiole body and organ complexes

had been determlned by other methods" Bel-ow LZ c/s the decrements were due

malnLy to the physiological stress produced in the body, and above L2 c/s

to the image displacement on Ehe retina which had more increasingl-y blurred
effect. Measurements one mLnute after cessatLon of vibration indicated
residual effects only at frequencLes up to L2 c/s, peak, being at the same

resonant frequencl.es,

Metzger, C. A., and llearLd, A, B. Crew accorrnodations for aerospace

missions. HQ 6570 AMRI, AMD, WPAFT, MRC Memo V-6, YIay 7962.

Thls report contains specific and general recouunendations for the feeding

and waste disposal of Astronauts in space missions from three to fourteen
days. It descrlbes somewhat the capabllity of the Acconrnodations Section

of the Systems Branch, Llfe Support Systems Lab.

Pigg, L. D., and l(ama, W. N. Ihe effect of transLent wei-ghtlessness on

visual aculry. WADD TR 6L-184.

VLsual acuity hTas measured on 5 subjects r,*rl1e they were exposed for short
perlods of weightlessness aboard an aircraft flown through I'zero-G"

trajectories involving transitlon from 1 g to 2-l/2 g to 0 C. No signifi-
cant changes were noted.
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Roman, J. A., et a1, Some observations on the behavLor of a rrisual target

and a vlsual- after-lmage during parabollc flight maneuvers. SA]'I lDR 62-66.

A real target appears to be displaced upward from center for accelerations

greater than one G posltive, and aPPears to be di.splaced downward for

accelerations l-ess than on G posLtlve. A vlsual after-image, when observed

in the absence of a real target, appears to be displ-aced from center Ln a

direction opposlte to that observed for a real target.

Vacca, C,, Sparvlerl, F., Comignani, L. ObservatLons on a respiratory and

cardiovascular functlon test based on maximum voluntary work performed on

a cycloergometer. Rivista di Medicina Aeronautica g Spazialer'24,r'2tL7B,

Romg, April L961.

The relationships were studied between percent increase per minute of
muscular work performed on a cycloergometer, percent increase of oxygen

intake, and percent increase of pul-monary ventilation in the phase of
adaption. These parameters, together with other elements of a cardio-
respiratory firnction test (CaL/LLter, duration of rnrork, cardiac frequency,

arterial pressure, etc.), may be used to determine the sensitivity of
central cardio-respiratory regulating mechanisms under conditions of maxl-

rmrm voluntary muscular work especially as related to the type of work per-
formed by pLlots and other fl-ytng personnel.

Vogelsang, C. J. The perception

the vestibular system, Acta oto-
May 1961.

ect during stimulatlon of
53, 4=5"246L, Stockholm,

of a visual obj

laryngologica,

The localizati.on of a visual objective in space ls not onLy determined by

the image on the retina but also by extra-retinal factors. Several of
these factors concern the interpretation of observed phenomena. However,

the labyrinth too contributes to the perception of the visual sphere.

Examples are gLven of oculogravic and opto-gyraL illuslons elicited
respectively by stimulation of the otoliths and of the semicircular
canals. As contrasted with the general accepted explanation, arguments
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can be advanced whtch show that the opto-gyral tllusLons are independenE of the

ny3tagmus": According to the author, both kinds of illusions are considered as

a tendency to correlate optical, haptic and vestibuiar cues as an expression of
a cerebral correlative functlon. In the absence of optical orientatlonal cues

containing a factor of experLence, r,filch i-s also the fact with a mere light
point in the dark, the vestibular Lmpresslon wll1 be dominant. Within certain
limits the adaptation of the optical Lmpresslon to the vestibular information
is perfecE. Tn stronger stimulation of the vesElbular apparatus dissociation
appears. Highly nonphysf-oLogic stimul-ation gives a complete absence of corre-
lation which results in a disorientation penetratlng into the consciousness.

von Beckh, H" FLight experiments about human reactions to accelerations which

are fol-lowed or preceeded by the weightless state" Air Iorce Missile Develop-

ment Center, Holloman AI'B, AD 154 108, 1958.

The author has determined through physioLogLcal- research how experlmentation

describes changes in accelerations reduce the toLerance of the human operator

to withstand G Forces. If these acceLerative forces are preceeded or followed
by the weightless state, the abllity to !'/ithstand G forces is further reduced.

He suggests that we should provide protection against physloLogical- failure
to reduced tolerance.

Psychological Aspects

Fitzpatrick, W. H., and DeLong, C. hi. Sovlet iriedlcal teseareh

human streqq (a review of the literature)" U. S. Dept. of Health, Ed. and

Welfare, l'/ashlngton, D. C., 1961"

Primarily a study of radiation effects on physiology. However, psychological

elements are surmned: rrSoviets have been ""., unproductive during past 25-30

years la-rgely because of concerted ef fort " " ", to reduce airman
behavior to a mere sunrnation of reflexes."

Hagen, D. H. Crew inEeraction duri.ng a thirty-day stmulated space flight"
School of Aerospace Medi.cine, Brooks AFB, Texas, 6!-65, June 1961.

An a:ralysis made of, crer,^r int,eraction during a Lwo man si.mutated space

t'elated to
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chamber flight. By use of the well knovnr BaLes Interaction ?rocess Anal-ysis,

the behavior of two subJects was rated durlng two hours of observation each

day throughout the 30-day fl-ight. Over 80% of the interaction was asking for

opinion, glvf.ng opinion, asking for information, and giving information.

Hori, H., et al. A Study of the mental function duri.ng stress of 1ow

atmosphere pressure. I: Especially on the results of the maze learning,

figure-ground reversion and blocking tests. Report of the Aero Medical

Experiment Grsgp, No" 32:25, Japan, March L961.

Five subjects were observed at altitudes of 2000, 3000 and 4000 meters in
tests of maze learning, figure-ground reversal, and color naming blocking.

As altitude increasedr the subjectsr ability to solve the mazes decreased,

figure-ground reversal inclined toward the dominant side, and frequency of
blocking and oversight tended to increase. At altitudes of 3000 to 4000 m.

these stress effects become very evident along with other altitude phenomena

such as dulling of memory, fatigue, anxiety, etc.

Muecher, H,, and Ungeheuer, H. Meteorological influence on reaction time,

flicker fusion frequency, job accidents and use of medical treatment.
Perceptual and Motor Ski11s, 72, 22163, April 1961.

Data representing react,ion time, critical flicker fusion freguency, job

accidents, and vl"sLts to a plant dispensary, were obtained from large
groups of persons. These data proved to be signiflcantly related to six
qualitatively discrlminable weather phases. Some of the heuristic and

methodol-ogicaL aspects of classifying weather phenomena for biometeoro-

logical purposes are discussed.

Nernzman, M" T" Biological adaptation of man to his environment: heat, cold,
altiEude, and nutri-tion" Annals $ew Yoqk Acad. Sci", 91, 3:6L7, June 196L.

This cursory survey of human adaptation to environmental extremes involves
phenotypic alterations of morphological and physioLogical traits that are

largely continuous variables" Heat and cold tolerance are discussed in
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terms of indiv{duaI body size and proportions, skin surface area and pigmenta-

tion, subcutaneous fat,r sweat glands, and physiologi.c adjustment (e"S.' vaso-

constriction)" Morphologl-c and physlologic adjustments to high altitudes may

include large blood and lung volume and large red cell- size and number.

Nutritional adjustments are discussed in terms of hypo- and hyper-caloric

intake. It seems clear, at least in general outline, that the nature as well

as the degree of human adaptations to those facets of the environment, un-

related in a df-rect sense to dlsease, may indeed reflect upon disease situa-

tions "

Rains, J" D. Reaction time to onset and cessatl.on of a visual stimulus.

Psychol " Recor4, 11- , 3:265, JuLy 1961"

An experiment was conducted to determine if differences exist in reaction

time to onset and cessation of a large, bright, foveal light. Out of 2L

replications of, the experiment, eight differences, split equally between

two types of reactions, were significant. Ihese findings are attributed
to the tralned subjectsr sensitivity to momentary fluctuations in their
physiological and psychologLcal states" It is concLuded that no differences
between the two types of reaction are apparent at these Parameters.

Reed,

a1 ity.
G, F" Audiometric response consistency,

Percep tual and Motor Skil-lg, L2, 22126,

The suggestLon was investigated that, in prolonged sessions of audiometrlc

tests, hysteric subjects will buil-d up reactlve lnhibition more rapidly
than anxious subjects and therefore show progressively more inconsistency

and decline in response accuracy. Thirty school chlldren (15 predominantly

hysteric and 15 predominantly anxious) were each subjected to a l5-minute

session limited to high-frequency tones after a routine binaural pre-tone

audiometrf,c test" The hysteric group tended to be less consistent than

Ehe anxious group, and the majority showed elevation of threshold as the

task was prolonged" These findi.ngs may be relevant to considerations of
auditory fatigue"

auditory fatigue and person-

April 1961.
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Rees, D. W., and Copeland, N. K. Dlscriminat{on of di.fferences in mass of

weightless objects, WADD TR 60-601, I,l?Atr'B, ohio, December 7960-

Absence of gravity results in the loss of many familiar kinesthetic cases

of weight and f,riction necessary to man for object discriminatlon and

manipulation" Man's ability to discriminate smaI1 differences in mass

opposed to small differences in weight was studled. Four weight series

were used, each conslsting of a standard (L000, 3000' 5000 or 7000 grams)

and nine comparLson stirmrli" Judgments for mass differences r,rere made

with the same weights supported by compressed air on an air-bearing table.
Thus, the frictionless aspect of a weightless environment r^7as stimulated.

Results show that the mean differences, mean standard deviationr and Weber

ratio for each standard are much larger for mass than for weight. Thus,

to be detected under a weightless condition, mass increments must be at
least twice as large as the weight increments required for discrimination
in a normal weight lifting situation" Results indicate that mean differ-
ences for mass tend to be at least twLce the size of those for weight

discrimination" The greater number of errors for mass probably resulted
from the relative unfamiliarity of most subjects with mass judgments and

weightless situations.

J", et a1-" Psychophysiological investigationsSilverman, A"

deprivation:
January 196L"

in sensory

23, L|49,the body-field dimenslon. Psychosomatiq Med.,

Five body-oriented and six field-oriented subjects rdere exposed to a

situation containing the elements of uncertaLnty, social isolation, 1ow

sensory input, and restraint from actLve movement to test the hypothesls

that persons who rely more on external rather than interr:lal cues would

react differently to a situation in which external cues were lacking.
ltre data tend to agree with the hypothesis" Field dependent subjects
initially and at the eonclusion of the experiment revealed less of an

ability to discrimlnate sensory cues, remained more aroused, were more

uncomfortabLe about the experiment, and, rdren various interview responses

were grouped to obtaln a rough ego function index, showed a greater
degree of disorientation.
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Volkor, X- F. Method of studying fatigue in flight personneL. Military
Medical Journal, 1:108. Washington: U. S. Joint Pub. Research Serv., No.

9L69 (1374-N/38), April 196L.

Two methods of employing the same apparatus are proposed for the detectlon

of fatigue in flight personnel, The first determines the rate of PerceP-

tion and distrlbution of attention by the subject as he goes about the

task of locating and naming eonsecutive numbers on tables of random

numbers. Ihe time needed to locate all the numbers is taken as an index

of the rate of perception. In the second test the subject posLtlons and

drops a metal rod into hoLes of successively smaller diameter, ending with

the one in which contact occurs upon positloning because of finger tremor.

In the majority of pilots the time for finding all numbers was less than

40 seconds, A time exceeding 50 seconds is indicative of fatigue. In the

second test excessive tremor is shown if the contacr occurs ln a hole of
4.5 rnm. or larger in diameter,
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