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PERFORMANCE* CONSIDERATTONS IN

 LONG~TERM, SPACE FLIGHT
Maintenance ofvskilled_performance during extended space-
flight is of criticael importance to both the health and safety of
crew members and to the overall success of mission goals. An exami-
nation of long-term performance requirements is therefore a factor
of ImMensd~ ifiportante ¢ the planning of future missions. lhe
f.liowing chapter gives coVarage to a number of important factors
related to th}s issue: delinition of perforirance categories t¢ be
wmvestigated, methoés for assessing and pred.cting perfurmance
levels, in-flight factors which cen affect performance, and factoras

pertinent to the maintenance of skilled performance.

Performance definitions
In long duration space flight, work is the significsnt factor
de%ermining,lifestyle. It is ,both complicated and'varied. A funda-
mental questi?n to begin with is what are the work requifements of
the astronaut‘and how can we conceptualize the astronaut within an
integrated human-machine complex’ Reduced to its most general form,
the astronaut is responsible for the following tasks (1):
a. monitoring and conirol of the operstion of onboard systems
b. control of spacecraft movement in performance of varicus
dynamic operations (oriéntation, stabilization, approach,
docking, orbital correction, descent from orbit, landing)
¢. conduct of radiocommunication -and television reporting
| i,
d. conduct of,visual observations, conduct of scientific

experiments and investigations
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e. ass&mbly,andf&isééaﬁmbly of indigidual units o.- the

craft, perfoimanoe'éf‘various operations outside the : ,ﬂ
spacecraft

f. operation of'speciaiégear

g. carrying out onboard documentation

However simplified this listing may be, it does serve the
purpoee‘of-emphaﬁizips*théncomplexity and diversity of work re-
quirements imposed upqn thé'astronaut. This point is further .
demcnstrated by the fact that fhe complexity of missions to date
has increased' cons'ié.erabli; at each stage of flight buth in terms
of the number of reguired tasks and by the engineering require-
ments the aétronaut must master to successfully complete the
missiangoais. Table 1 issustrates the increased number of control
.panel~and @isplay characteristics which have “eveloped across the
various flights'gf the U. S. manned space program. As the number of
mission requirements increases, the benefits of multi~trained crews
with specific, but overlepping responsibilities iﬁcreaseé. With the
adfentkof the‘Space'Shuttle:Pfogram, we see the first real instances
of .crew responsibilities in which specific division of team members
received training snd arefresponsiblé for specific mission tasks.
Previous flights have relied wmuch more on overlapping and multi-
task crews in which everycne basically received similar training to
execute specific tasks. Now we are faced with the additional complexity
of monitoring and evaluating performance characteristics of astronaut-
pilots, astronaut-scientists and eventually personnel in other cate-
gories of mission task allocation. These facts Pplace investigators of

performance capdcity in g very difficult position, since the criteriﬁffﬁj
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Tasix §.~Crew Cmuml and Da;plqy Characterinm

' Spacecraft
Abolle ' Skylab
Device characieristic Mercury | Gemini : Orbital assembly module
: Com- Tunar Com.
maud | module | mand | Multiple Orbjtal
module module { docking | Aldock | workshop
adapter

Pasels .. . 8 1] 28 12 26 3l 58 74
Wock atations oty e T %t et | T 3 4 8
Cestrol slsments (total)! 9% 286 721 378 760 350 694 363
. . Circuik breakers (20)* 107 254 i60 256 19 307 214
Tosdle switches 56 123 3z6 144 31 236 2 88
Pushbutton ewitches ' » |, 8 20 13 7 15 12 0 0
Mubkiposition rotery switches 6 1} 21 16. 19 50 ” 32
Continuous rotary switches 3 0 35 21 36 17 3 9
Mechanical devices 3 13 5T 26 57 7 as 18
Unique devices? 2 4 5 4 5 é 1 2
Display elements (total)! 45 68 131 14 152 222 323 116
Ciscular meters 16 7 24 6 23 1 0 2
Lisesas meters 0 25 33 25 33 14 o4 42
Diital readouts 3 14 18 18 19 20 1 18
‘Event indicators 19 16 47 9% 68 182 258 50
Unique displays ¢ 7 6 9 1 4 9 5 0 4
" inflight measurement points ! 100. - | 225 475 .| 413 521 918 521 23l
Telemetered 8s-'| 202 °336 219 365 918 521 7] 230
Displeyed on Board 53 't 280 214 289 167 129 * 30
Caution and waming 9 10 64 o 145 61 97 %N 8

Inpat ' .
Andlog signal X * 9 10 42 & EY 2 87 2
Discrete signal ' ‘0 0 2§ 100 28 95 4 6
Output . 9 10 B, 35 13 38 8

! Numbers for each program vary, depending on panticular spccecuﬂ.

* Fuses, not circuit breakers, used in Mescury.
* Three-axis hand controllers, compater kevboards, etc.

*Flight director aititude indizator, computer displays, entry moritor, cross points.

were:

the principle that there would be redundant
means availabie to accomplish all critical
functions;

the need to have available botk on-board and
ground data concerning the status of con-
sumables; :

the need, with intermittent commumcatxons,
to maintain a common tire reference with
thz gxound control system to control mission

sequences and the yetrofire maneuvey, which

initiates ballistic entry.

To save weight and power, attitude was dis-
played on a meter with three movements: a hori-
zontal needle moving in the vertical plane for
pitch and two vertical needles (cne at the top and

" uone at the bottom) moving harizontally to display
yaw ane roll, Attitude rates were displayed on
separate movements arranged aro;énd the attitude

inchcator

e smaeze e e A URLITRNS

i 1 e <‘ Py

T T, -



e e AV B N BRK FTE S

Sa . KERDWE 2N

to evaluate performence musd-be diverse and therefore probably
frequently convradictory. Attgmpts to define the performence evaluation
criteria of operators in other wurk situations bhave been frought
with problems. For the astronaut there are at least two basic
jdifferences from other operators which make this evaluation even
more difficult. First, the estronaut works under unusuel environ-
mental-conditions (irokation,-confinement, weightleassness, atc.)
and secondly, the cperator functions frequently are not an end in

* themse@ve%, but rather prerequisites for the conduct of scientific
research, daté ¢colldetion and management, etc. As a result, comparison
of thne astronaut to operators under other conditiocns within business
and industry is difficult at best. Houwever, thers are some universal
similarities among all opsrater behaviors which do unite research
frowm verious sreas of human factors, ergoncmics, and other broad
approaches to th@;study of human performance under comylex and
veriable conditions. Several investigsbors (3, i) have atteapted
to design a taxonomy of operator behaviers with varying degrees of
guccess, One Qidely uged li;éing comes from the work of Berlinger,
Angell, and Shearer () & shown in Table 2. The purpuse of such
& scheme is to anélyze what‘functions‘oparators perform in a system

. as a basis for task analysis. For our purpgses it gives a brosd over-

~view of the types of behavior performance measurement available and

offers a‘beginning point for a discussion of the various approaches

to rerformance assessment.

Methods For dssessing Performance

The assessment of performance under space flight c nditioas
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' Te “X war_ sb“rtor Dimension
D R SR Wi aht rer. 1964)
¢ Prccesses , ;;ﬁ . Actwv-uicd o Specific Behaviors
o o - : : 1. 1.1 Detects .
" , . - ] 1.1.2 Inspects .
. _ 1.1 Searching for awl ‘ 1.1.3 Observes B
N . _ receiving infor.~tion {1.1.4 Reads
: ‘ ‘ 1.1.5 Recaives
' 1. Perceptual proce.;28 . 1.1.6 Scans
. : \1.1.7 Surveys
1
. V1.2 Identifying obieats, {i'i‘; gzzﬁzi?izzte'.‘
¥ a?tionstﬂcvenns 1.2.3 Locates
i 2.1.1 Categorizes
. S e 2.1.2 Calculates
: ) ' o : | 2.1.3 Codes
o e s \ e tewn 201 Jaforr-tt 2.1.4 Computes
‘ o . processing 2.1.5 Interpolates
‘ a : 2.1.6 Itemizes
. } 2.1.7 Tabulates
e { -\2.1.8 Translates
) 2. Mediatlonal prucesses
v~ ‘ o p2.2.1 Analyzes
. > . 2,2.2 Calculates
E] L2.2 Problem golving cond 2.2.3 Chooses
‘ decision-making { 2,2.4 Compares
» - 2,2.5 Computes
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R o » ) 2,2.7 Plans
o (1 v .
3.1 Advises
. . } 3.2 Answers
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o AR ' 3.4 Directs
"t domrunicalavs ?Lﬁﬂ&?gusg") - . f< 3.5 Indicates
S Co ' 3.6 Informs
o : 3.7 Instructs
. | T 3.8 Requests
§ . L. ! . \ 3.9 Transmits
o5 " i
. ) ‘ e (4.1.1 Activates
. “ oot %4.1.2 Closes
! ' ) 4.1.3 Connects
4.1 Gimplu’“.scrn*e 4.1.4 Disconnects
4 . ﬁ 4,1.,5 Joins
i » - : 4,1.6 Moves
. TR ) . . 4.1.7 Presses
, {, rotor prabkﬂp%u , | ﬁ | . k4.1.8 Sets
| ,  4.2.1 Adjusts
| : , 4,2.2 Aligns
t ' ; ‘ . k’h? Complex/Continuous { 4.2.3 Regulates
’ ‘ ' co 4.2.4 Synchronizes
? D S | 4.2.5 Tracks
i . o 22 :
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bas been of scientific interest for at least two reasons. First,
assessment has been meeded to‘determine whether tasks conducted in
space are executed via successful methods. ?or example, it is
necessary to know whether astronauts are operating at an efficient
level assuring safety and maximum probability of success. This re=-
quires having some estimate .of how astronauts spould be expectad
to-openabe~undevwepaceflightleonditiens (perhaps through pre-flight
simulations or inter-flight comparisons) sand using this as a com-
parison o? current in-flight performance levels in determining
important mi;sion procedures and goals (e.g., is the astronaut
functioning adequately to attempt an extra-vehicular activity on &
particular day?). In this perticular case the aasessment of per-~

formance is important in its own right as a measure cf the current

. physiological and psychological capabilities of the crew. As we shall

later see there gre any number of factors which qould affect a decre-
ment in these conditions gnd possibly jecrardize the success of
particular wurk endeavors. Another important aspect tu the sssessmsnt
of buman perf;rmance under éﬁaceflight conditiovng is the need to |
investigate how different. spaceflight conditions (i.e., weightliess-
ness, sleep deprivation (6), isolation and confinement, etc.) way
affect performance. In this respect, pefformance levels can be
'thought of as a dependent variable sgainst which to measure the re-
lative effects of externally and internslly imposed stressors upon
the human operator. In this respect, we need to evaluate the use of
methods which will be appropriately sensitive to these various
potentially hazardous conditions and employ thefl in a way which
allows us to investigate the method of action of these stressors.

Thus in one case, knowing the level of performance is lmportant in

its own right in evaIuatlng the health, safety, and caspability of the .
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crew. On the other hand, the*ability to measure changes'in per-
formance level serves as a waluable tool by adding to our under-
standing of howlcertain gpaceflight conditicns operate to influence
human performance.

An understanding of performance assessment has also been inm-
portant at different stages of mission planning. For exsmple, per-
formance &ésessment hasAbeen hecessar} prior to flight as a mesns
of determining engineering and craft habitability constrsints. An
évaluaﬁion of,human(performance has lead to many guidelines in tne
layout and strustural composition of spacecraft living and working
guarters (5, 6) as well ss instrument and control panel designs
{7, 8). Performance assessment has been an integral part of the
training of astronauts and the determination of their readiness for
"filight (9, 10, 11, 12). It has also been impor:snt in the selection
of‘astronaut candidates as a basis for assessing gpaceflight ca-
pability (13, 1k, 15). Indeed), the measurement of performance has
been one of the most important characteristics of our entire space
program and intimately inVolVed with all aspects of flight endeavor.
Given the monumental impoftance of this fact, what are the present
capabilities of our asgessment tools and what are the factors re-
'qpiring furthef developmgnt?

The range of assessment techniques can perhaps be best analyzed
by conceptualizing them as a dimension varying in face validity with
respect to actual mission conditions with single task minimally re-
lated techniques at one end and actual'in~flight, operational con-
dition techniques at the other. Intermediate totzhese two end points
we could include multiple-task performance batteries and full-scale

simulation operations. The following sections detail these general

categories.
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Single Task Assessment Technigues

The use of test batteries that consist of a number of
appropriately selected or designed individusl tasks has several
pdvantages in studying ths effects of various fsctors on per-
formance. Generally, they are relatively low-cost, and performance on
ench individual instrument can be assessed rather exactly. Ferformance
on sued tasks-should be- generalizable to other conditions in which the
tasks are employed with varying degrees of success depending upon the
Tollowjng qualities (g{’fa,, 1 6):

5. the ;vailability of a taxonomy of the tasks that go to

make up complex performances in operational systems

b, a task analysis of specific systems in terms of this

taxonomy

¢. appropriate weightings of the representational tasks in the

test batyery in accordance with their relations with the

taxonomy and task analysis
while it is not possible to discuss all of the psychclogical tasks
witlch are useé to measure pérformance under varying conditions, it is
pogsible to describe sevesral broad categories of measurement cub-
iined by Ruff (17), which are typicaliy represented in varying degrees
in different test batteries which have evolved. The follewing secticns
also provide examples of partioular relevance to spaceflight con-
ditions.

Perceptual Tests

Threshold. The intensity at which a stimulus can be perceived
or different stimuli from the same dimension cafr be differentisted
is an important sspect of performance measurement. In designing

control displays of an audio or visual nature such information can
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be useful in determining Qﬁﬁimal desipgn: Such measurements are
algso of value given the pot@n@ial chances in visual acuity which
may result during space flight (to be discussed later in this
chapter).

Critical flicker fusion. This technique involves the measure-

ment of the freguency at which a subject judges an intermittently
flashing light as a'stemdy one. This particular measurement has
proven ugseful in detecting performance change during prolonged
periodg of stress (18) and under conditions favoring the dsvelop-
ment of anxie%y (19: 20). Such tests have been useful in studies of
long=-term confinement and isolation and the effects of varying
degrees of workload.

{
Perceptual speed. The fegree to which subjects can process

.infgrmatiop end respond is of use in evaluating mental workload
capabilities loading on abtention, concentration, scanning, etc.
Thurstone's random number task serves as an exampie. H~ve the subject
is presented with two pages of numbers taken from a table‘of random
numbers. The féftuhand numbers of each row is circled. The subject's
task is to cross out each digit in a row that is like the one circled
in that row. Perceptual speed tasks are useful in assessing the
operator's ability to rapidly scan and respond to viaual information.

Data from such tasks offer some generality tc the monitoring and

response to flight control panels in flight.

Perceptual retention. The task of the subject using these measureg‘”

is to retain the maximum number of units from a series of stimuli.
Typically, an auditory digit retention span taskis used such as the
Digit Span subtest of the Wechsler Adult Intelligence Scale: lists of‘ﬁ

increasing length are read and the subject must repeat them both
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{orward and backward. Such tasks load on short-term memory
processes and soncontration and are useful in assessing gensitivity
to stress. »

Vigilance. Vigilance tasks typically require continuous
monitoring of a display panel or other devices with periodic
responses required. Mackworth's (21) technique involves & clock
wand hwt,ususally. moves.in .single steps, but occasionally gives
a double jump. The subject yesponds only to the double Jump .

‘ r Vigilaqce tusks have frequently been used in research supported
by NASA aﬂd the armeéd forces because of its similarities to the
monitoring of radar and control equipment, Vigilunce tasks are
the standard technigues used in assessing the effects of monotonous

task repetition and the effects of fatigue.

Discriminabion. Diserimination tasks have involved any number

of visual (e.g.,-yolor, brightness, ete.), auditory (e.g., pitel,
tone, frequency,.etc.), and even kinesthetic (e.é:, textures,

shape, etg) comparisons as a means of assesping acuity albng those
dimensions., ngerally the suﬁject's task is tc compare one Or more
stimuli from the same dimension and make a same-different, more-less
judgment. These tasks appear particulérly useful in assessing sensory-
perceptual alterations which may in turn be associated with performance
decrements.

Motor Tesgts

Steadiness. Ruff mentions at least one test witnin this cate-

gory. It entails the gbility of & subject t+; hold a stylus in holes
of decreasing diameter without touching the edge Measure of body

sway (22, 23) are slso listed &s indicators of steadiness. Such

techniques are not routinely used in performance batteries, but can
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prove useful in predicting performance in which either fine motor
control or balance wmay be impprtant factors.

Tracking. A freqﬁenxly used technique in many performance
studies is the use of the botoréry pursuit task. Here the subjects
attempts to maintain constant contact between a stylus held in
their baad and a click on a rotating turntable..This instrument
is ‘commonly dSed™to' asdéss ‘codrdination and precision of motor
behavior under conditions where speed is important.

Coordination. This task emphasizes speed and precision of

motoyr behavior. Oneicommonly used technique involves the Purdue
Pegboard., Here the gsubject must complete serial assembly of small
objects on a perforated board. Mirror drawing is another fraquently
used task. The subject must follow, with a penclil, a pathuay of
.parsllel lines in the shapéeof a six-pointed ster. However, tuey
can chaserve their, progress only by looking at a mirror imege of the
trus ing. :

»

Perceptu&l-Mctor Tests

N .
RKeaction time. Reaction time measures utre among the most

frequent in studies of performance as they are representational -
of the subject!s alertness and capacity for reaction to potentially

';mportant situstions. In'simple reaction time experiments, subjects
éive a single response to a single stimulus. This situation can be
expended to require subjects to choose a proper stimulus before
reacting., Complex reaction time has generally been found to be more
sensitive to a variety of conditions.

Cognitive Tests

Problem solving. A wide range of tests can be said to iit this

category, including arithmatic operations, problems in inductive and

deductive logic, and tasks in which conclusicns must be drawn from
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visually or auditorally preébnfed problems. Certainly, problem
solving ability is one of ﬁhe.mOSt important aspects of aerospace
performance to be mensured, but also ¢me of the most elusive and least
generalizsble.

Concept formation. This category of tasks requires, in some

way, that subjects search for common elements in a series of stimuli
and form appropriate generalizationsv An example from Ruff is the
wWisconsin card-sorting task in which four stimulus cards and 6l
responge cards are presented to a subject. Each card bears cne to
four identica& figufes of a single color aad the task of the subject
is to sort them according to number, form, cr color. After each
response, they are told whether they are right or wrong with the
concept rule changed after 10 consecutive correct responses. Per-

. formence on tasks similar to this have been shown to be adversely
affpeted by factars which distract concentraticn such as noise,

slgep loss, etc. ,

Conditioning and learning. This category represents a large number -

of tasks involving both classicelly and opersntly conditioned be-
haviors as well as those involved in memory and retrieval proecesses.
Subjects may be required to lea™ lisfs of nonsense syllables or to
associate different responses to different.verbal or non-verbal
stimuli. Both the rate and amount of learning, as well as the re-
tention of the learned material can be used as measures of performance,
as affected by many physiological and psychological considerations.

Flexibility tests. The necessity of altering a previously

learned set is a component of many tasks that méasure primerily

sensory or motor functions containing some cognitive functions. One

such tosk is the Bourdon-Wiersma Stipple Test, in which subjects are =
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presentad with horizontal pows of three-, four=-, and five-dot
clusters. Subjects are first ?equired to place a horizontal line
through five-dot clusters end a vertical line through four-dot
clusters. After 20 lines, the instructions are reversed. Measure-
ment of decrease in speed and increase in errors on the second and
any subsequent jnstructions compared to the original condition
yieldswanninéexwef‘rigidity.-- v e

Cognitive-Information Processing Tests

Most recently, developments in the newly emerging and synthe-

sizing filelds of cognitive psychology and information processing

have suggested new possibilities for conceptualizing and measuring such

factors as memory, recognition, concept formation, ete. A number of

the tasks are based on the use of reaction time as the dependent

_ variable and revolve around measurement of classifications or rule

learning models. While a review of these theories and models is ;
. ' ‘ " Lindsayaad Norman

peyond the scope of this chapter, work by Anderson (24), ﬂmﬁa—l@&&, (Z",

Atkinson and.Schiffrin (26) and many others demonstrutes'that cognitive
psychologyvin}ormation procgssing models of intellectual performance
does offer some significant advantages over previous measurement
attempts. These studies suggest that‘specific cognitive components of
performeance (in contrast to mctoric functions or overall task per-
'formance) cun Le isolated, providing the advantage of invesiigating
them in their own right independent of interactions with other
response output requirewents, Furtherwore, components exemp.lified by
storage, encoding and retrieval processes, conceptual and spisodie
memory, short and long-term memory functions ha¥%e been shown to be

affected in previously unexpected ways by such factors as age (27, 28?,.

drugs (29, 30), and mental retardation (31). Little if sny research
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has been dqoumented to determine if snuch approaches are useful in
sssessing the potentially stress producing factors relevant to space

flight. One study of bedrest stress conducted by Rothstein (32) will

serve to clarify some of the performance tasks suggested by this
new fleld, Rothstein employed four tasks to measure various aspects

of the subjects' cognitive processing abilities as described below:

+» [tem-Recognitions - On- each 4rial, the subject is pre-
sented with a memory set of between one and five consonants.
The number of congonants in the set varies randomly from
trial to trial. Following the memory set, the subject is
presented with a test consonant., If this test stimulus

was & member of the previously defined memory set, the sub-
ject 18 to make a "yes' response with her'his dominant hand;
otherwise s/he is to make a “"no" response with her'his non-
dominant hand., The principal dependent variable of concern
within the test battsery is the slope of the best-fit linear
function relating RT {Reaction Time) to the size of the me-
mory set {i.e., the number of consonants in the memory set)
for both "yes" and "no" responses., This is taken as a mea-
sure of memory retrieval processing time (33).

2. Yisual Searche On each trial the subject is first given
a target consonant, Following the target, the subject is

resented a display set of between one and five consonants
%test stimulus). If the target is a member of the test sti=~
mulus, the subject is td respond "yes", othersie s/he is to
respond ''no",

The. principal defisndant variable within the teat bat~
tery for this task is the slope of the best~fit llnear func-
tion relating RT to display set size (number of consonants
in the display set).

The interpretation of the slope parameter in this task
represents the time taken to carry on a visual comparison
between a represgentation of the display item and the memory
representation of the target (for further details see re-
fervnres 34-36). '

3e Recognitions On each trial the subject
is presented with between one and three category names which
s/he is to remember for the trial, Examples of category
names ere: FABRICS, and TOOLS, Following the memory set,
the subject is presented with a potential exemplar (test
stimulus) of one of the categories. For example, BASEBALL
is a potential exemplar., If the potential. exemplar is a
member of one of the categories of the memery set (i.e.,
is in fact an exemploar of one of the categories), the sub~-
Ject is to respond "yes"; otherwise s/he is to respond '"no",
Test stimuli which &are not members of one of the memory
set categories (negative exemplars) are selected from ca=~
tegories not in the wmemory set. For example, if the memory
set consisted of FABRICS, FRUITS, and TREES, then the follow=
ing poterntial exemplars should properly bs given a "yes'" re-
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ponse: EIM, APPLE, COTTON, WOOL, OAK, For the same mewmory
set the following potentlal exemplars should properly be
given a '"no" response: BASEBALL, BRIDGE, HAMMER, PASTURE,

The slofa of the best-fit linear function of RT from
memory set size (number of categories in the memory set)
is the dependent variable of primary concern within the bhat-
tery. This slope represents category retrieval and com~
parison time (37),

4. Ansiogy Test. The test stimulus for each trial
of the analogy test consists of the four terms of a verbdal
analogy. The analogy may either be true or false. An
example of a true analogy is: OSMALL:LARGE :: LIGHT:HEAVY,
I example 0f a false andlogy is: CHILD:ADULT :: COLT:BURRO.
If the test analogy is ture, the subject is to respond
"ture" by pressing the response button of his dominant
hand; otherwise s/he is to respond "fale" with the other
bhadn..

Preceding ithe test stimulus, the subject always sees
a cue, The cue contains either zero, one, two, or three
terms of the upcoming test analogy. The subject is to ob=~
tain as much information from the cue as s/he can before
seeing the test stimulus. For example, in the condition of
a 1 term cue, the subject would see: CHILD:, For the con-
dition of a 2 term cue, the subject would see: CHILD:ADULT::,
For the condition of a 3 term cue, the subject would see:
CHILD: ADULT s:: COLT:.

The analogy task, unlike the other tasks,of the bat~
tery, provides several diverse processing parameters. The
differences in RTs between the zero and one cue conditions
represents the time taken to encode a first analogy term
and retrieve its meaning. from semantic memory. (In general,
the greater the number of terms in the cue, the faster will
be the RT to the test stimulus.,) The differences between
RTs in tHe one cue and twc cue conditions represent the
time taken to retrieve the meaning of the second term and
abstract a relationship between them. The difference in
times between RTs in the two and three term conditicns re-~
present the time necessary to retrieve the meaning of the
third term and to apply the relationship abstracted from
the first two terms to 1it, to obtain an expected semantic
content for the fourth term and to compare it to the mean-
ing of the fourth term, The analogy task also ¢ffers a
plethora of other processing parameters because the RT to
complete processing of the cue can also be recorded and
analyzed,

Al



Unfortunately, due ‘to methodological and procedural difficuities,
Rothstein Gid not obtain any data which significantly discriminated
between stressed bedrest subjects and controls. Nonetheless, this

type of cognitive performance approach deserves further consideration

as it represents an srea of considerable heuristic and theoretical value.
Tt is recommended that further studies of this type be implemented
to .better-assesas—the validity, reliability, and usefulness of this

new approach to the understanding of human cognition.

Comments On Single Task Assessment

Techniguen

While the single task assessment approsch has been the wethod of
. choice in many laboratory studies (particularly those wishing to
assess the effects of a single factor on a single aspect of per-
formance) there are certainly several distinct disadvantages in the
wholesale use of these technlques with regard to the astronaut

4
operator. First, their is the issue of face validity, generally mlnlmal

in this case. We have no assurance that the factors assessed using
these measures really have direct correlétes to the actual in-flight
. performance of-astronauts. Furthermore, it is questionable to what degree j
‘the results of such methods can be generalized to real operator con-
ditions. We may also question the sensitivity of such single task in-
stpuments. The level at which scme independent variable may affect a
change in pgrformance under these conditions may be considerably
different than prevalent under operational condftions. These tasks

are best used in settings where there is a specific question regarding}

the effect of some isolated variable upon a givea aspect of performance.



*through factor analytic analysis to determine which tests are

. the investigator with the problem of defining the specific tesk de-

this probliem by combining two or more of these tests into a concurrent
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They can be useful’in at leéét indicating the direction in which
more sophisticabed techniquesiahould be directed, but are probably
of only minimal value when used individually, at least with respect
to quantifying the probtable levels of performance under genuine
uperational conditions.

At least two possibilities exist for enbancing the usefulness of
these-measures. First, -as-Fledshman-{38), Parker (39) and others have

pointed out, the maximum utility of these measures can be obtained

pertinent to the features of the more complex operational task
system. By selscting those tasks wahich have elements in common with
the operational condition, the likelihood of cbtaining relevant,

generalizable data can be increasasd. Unfortunately, this still leaves

mand characteristics of the real work environment, no easy task it-

gelf.

*

Certninly, one important feature of the cperaticnal condition
4 r
which is lacking in the use.of these sequentially administered tests
is.the multi~task, concurrent demand, time-sharing requirements of

the work environment. Some invastigaﬁors have attempted to deal with

task situation. This does seem to enhance the sensitivity of the

tests (4o). For example, Finkelman and Glass (41) employed a dual-
task methodology requiring simultaneous perforwance of a prinary task
(tracking) and a secondary task (recall). They found that unpredictablagg
uncontrollable noise produced decrement in the Hubsidiery task, but o

not in the primary. Likewise, Bell (42) found that using a tracking
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task nnﬁ a nUmbéfAﬁi@dé%si%éigubaidiary task, ﬁhat noise snd/or

heat had detrimental effects on the subsidiary task, but not on
primery task performance. The basic notion behind these findings

i that subjects have only a limited capacity to process and

respond to environmental information. Concurrent tasks can be per=
formed adequately asg long as gufficient ability exists for monitoring
relevant information. However, when gome stressful condition in the
environment reduces the subject's ability to sllocate resources 1o
the tasks, the focus of effort will shift to the primary task to the

decremenﬁ of the secondary task. Thus, performarnce may deteriorate

on the less important task while remaining unchanged with the primary.
Such findings represent more the norm in operational conditions.
dowsver, we are still faced with the issues of task face- and cuntent
validiby.
In developing an ssscssment program for 1ung-duration space travel
tha role of thesa single varlable tests should nrobably be relegated
to situations where only & specxflo environmental factor 1s being
considsred.‘Thby can probabl& be most helpful at lower level of the
assessment process in reflecting conditions which can be more effectively :
researched using oﬁhen techhiques snd thus giving direction to how ;
_higher level investigabtions should proceed. It is recommended that
fuctor analytic studies be used to clarify which specific tasks wur
task features are most relevant to the operational cundition in
question. If used, some type of concurrent task systew is prebably

desirnble.
Multiple~-Task Batteries

In efforts to minimize the disadvantages of the single task
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~formation relevait to a wider range of abilities can be scquired
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mebhodoiogy, various ihvestigators have developed a batbtery

approach to the study of performance. Alluisi (43) describes

one such atbtempt which will sérve as an example for our purposes.
Allujsi describes this techhique as a "synthetic work" arrangement
rather than a "simulated work" system. The distinction lies in the
fact that various tasks with potentially low face validity with

respect to. operational conditions are combined into a time-sharing

work environment requiring performance durations more similar to

those of operational conditions than the single-task approach, but not

»

as directly Jomperable to the full simulation approach (to be dis-
cussed in s following section). The advantages of the synthetic work and
multiple-task performance batteries lies in the potentisl for high

content validity and relative esxactness of measurement. Alsv, in-

simultaneously, minimizing the difficulties of cross-experimentaton

confounding often cited as a problem when differsnt subjects in

»

different experiments perform different tasks.

The perférmance funotiéhs assessed in the wmultiple~task per-
formance (MTP) battery reported by Alluisi are consistent with the
broad categories outlined in a preceeding secticn. They include the
following:

1) watchkeeping, vigilance, and attentive functions, in=~

cluding the monitoring of both static (discrete) and dyna-

mic (continuous) processes

2) sensory-perceptual functions, including the discrimine-

tion and identification of signals

%) memory functions, both short-and long-term

1) communication funoctions, including the reception and trans-.
mission of information '

5) intellsctual functions, including information processing,
decision making, problem soliving, and nonverbal mediation

6) perceptual-motor functions, especially to the extent that ,
gpecial skills such as aiming, tracking, swimming, driving, typ-
ing, and similar motor skills are necessary to the operation of
the system

7) procedural functions that include such things are interper-
gonal coordination, ccoperation, and organization.




These seven apeas are represdnted either directly or indirectly

in the sex teasks which compose the MIP battery. Individual tests
include the following: 1) arithmetic computations, auditory vigi-
lance, code=-lock solving, probability monitoring, target-identifi-
cations, and warning-lights monitoring. While a range of flexible
programming segquences are available to permit different degrees of -
worklosd demands; duration of "testing, ete., an example of one
measurement sequence is shown in Table 3 below as discussed by
Adams, ‘Levine, and ohiles (ily). The MTP battery outlined by Alluisi
has been used to investlgate s wide range of variables of potential
impact to the crew of space crafts: work-rest cycles, circadian
rhythm desynchronosis, sleep loss, confinement, etc. (L5, 46, U7,
,8) and can be potentially oxtended to others. This particular
" gpproach to performance ausessment would seem to be most useful
in the selection.'and training of astronauts. It *s less expensive
th;n full scale simuleation systems and permits more than a single
individual td'be measured at a given time. It yields a maximun of
information regarding the subject's performonce capabilities on
several psychophysiologicul dimensions and can be‘used to investigate
a range of environmental conditions. However, there is still a lack
of face validi%y and direct comparisons to’operational conditions
are not entirely Justlflable. The actual training of spacc flight
crews will necessitate the development of simulators, the only real
condition permitting accurate face validity. This approach is des~
cribed in the following sectién.

P

Partial and Full-Scale Simulation

Full»scale, integrated, mission simulation provides the
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‘ﬁuuudtnanmdy.nwu were retained ~three ¢
the watchkeeping tasks (auditory vigilance, probability and waming-
lights monitoring), and two of the active tasks (arithmetic computa-
tions and pattern discriminations). The tasks that wure retained had
demonstrated impressively high reliabilities, and they imposed rela-
tively minor training requirements. The performance battery ap-
to provide measures of essentially orthogonal functions, and it
was capable of being prognmmed in numerous ways to make possible
the study of a broad range of operator work loads (Adams et al., 1959).
The presentation of these tasks was integrated into a 2-hr work period
similar to that which was given earlier in Table I; probability monitor-

ing was not ptﬂented during the first and last 15-min intervals of the
2-hr period, arithmetic computations cuntinued for an additional 15
min, code-lock solving did not occur at all, and pattern discrimninations
(instead of target identifications) began 15 min earlier than indicated
for target identifications and continued for 45 min. The important

" thing to note is that time-shared performances were still required dur-
ing each 2-hr performance period.

Table
TyrmcaL 2-HOUR PROCRAM FOR MuLTIPLE-TASK PERFORMANCE®
\ Minutes
Task 000 015 030 048 060 075 O ns 120
Auditory vigilance nuuuuuuuuuuuuuuuuuu “
Probability monitoring nnnxwuuuuuuuuunuuuuu
Wamning lights mmnuﬂuuuuuuuunuuuuu
Arithmetic computations PrTToteite]
Code-lock solving COUCUKKX KKK KRR
Target identification XXXKAKRRRE

«Each x represents 3 min; so 15 min is represented by xxxxx
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highest degres of fidalityfﬁbésible in the simulation of itruc
operational coﬁditions. It is particularly important in space

mission design because unlike other training settings, there is

1ittle opportunity for a graduated series of practice efforts under
true operaticnal conditione before the mission actually takes place.
Crews for space missions must be completely trained and highly prc-
ficlefft in® thair~tasks before~the fIight. As a result, it is im-
perative that high fidelity systems, both partial and compiete, be
'available,fog training on specific and more integrated aspects of the
mission. The use of simulator gystems has been an integral rart of our
manned space effort to date. Béginning with the Mercury Program (4%,
50) dependence upon high fidelity simulation programs has been a

chief source of information for man-machine design factors, training

. experience, and tobal system checkwouts. As the"é“pléxi%y of cralts and g
missions increasad through the Gemini program (51, 52) the need for |
si@ulator training proved‘essential. The Gemini Pfogram demonstrated
that preciSE'flightcrew res?onse during space travel was‘contingent
upon the fidality of simulation training received pre-flight. The
Apecllo Program was even more dependenf upon flight simulaticn systeoms
(53, 5li.) as egain, the complexity of mission tasks and craft desipgn
"increased. While there is no doubt that simulation studies were
particularly useful during these early missions, as well as the

later Skylab missions and preparations for Space Shuttle flights,
they have been used more often than not to assess performance of the
entire man-machine complex, rather than to assess human performance
in & given system. There are exceptions howevef? in which extremely use«. j
ful performance data has been obtained (55). A second and more criticﬁi i |

factor is our lack of understanding of how to measure sustained com-

plex performance. This criterion factor is among the most diffioﬁlt;gf

ETEN
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yet;impurbant unanéwered quastions relevant te all complex work
conditions (56). Given that we don't really know how to effectively
measure sustained performance under operational conditions, simu-
lation studies in and of themselves do not provide any data about
how the astronaut actually fares under real space flight conditions.
For this, we would need actual in-flight data which could then be
compared to pre-flight simulation (baseline) data. Such an approach

- P ™ o » . £l -

is dlscussed in the next section.
£ ) In-Flight Performance

Prior to the Skylab missions, little quantitative data on

human performance under space flight conditions was available. There was
not a great Qariety in the types of wanual tasks required snd little

" if any detailed measuremont systems. Training regimes pre-flight were
nét particularly”helpful in serving as stutistical, asymytotic base-
line levels. Furthermore, little data was available thrcuzt publisned
sources indicating the degree and types of errcrs that cccured during
the missions. During Apollo.15 and 16 and witn the advent of 3Skyiab,

a major sourze of in-flight data became available through the use of

time-motion studles (57, 98 59). 3kylab missions 2, 3, L videc and

qud itory recordlngs were used to measure the amount of time required
to congplete various tasks, Comparable baseline data had been collected
yre-flight to use in comparison, A variety of tasks was selected for
assessment, but were limited to those that were rather standesrdized,
repetitive maneuvers which would satisfy replication and conformity
conditions. Bach of these tasks were subdivided‘;nto the components

required to complete the naneuvers. Analyses were conducted to de-

termine the degree of performance decrement (amount of time required
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in-f£light versus pre~rlight) and the point at which work
efficisney was restored to baseline (pre-flight) levels, Table
li displays the number of measured task elements performed during
trial 1 in-flight at a rate comparable to the last pre~-flight triai.
Hote that during all missions the number of comparably performed
elements is lower than the number performed less efficiently.
Table-S presents-comparable data for in-flight trials 1 and 2
combined. Note that by the second trial approximately 50 percent of
‘all elements were beginning to be performed at a rate comparuble to
pre-flight c;nditioﬁs. While this data is helpful i} is somewhat
more complicated than it appesrs based on the fact that different
tasks were performed on different days of the missions. Thus, some of
the tasks were not repeated s second time (sccond triai) for as wuch
as 11 days afber the mission began. Given that subjective adapt~tiocn
to weightlessnesg‘and flight conditions seems to require 7 to¢ 1u days,
the actual conditions undar which the erews performed tbeir various
tasks was probably substantially different on different da‘s (and thus
different trlals) These results provide little if any insight into
the types of errors made or the specific conditions which may h&ave
affected them (i.e., weightlessnoss pér se, Motion sickness, sleep
- deprivation, etc.). At least in the case of space mction sickness we
;an infer performance decrements based on daily work efficiency ratio
as described by Garriott cnd Do;rre (@69. They computed efficiency
based on the number of hours worked divided by the number of hours

available to work, Results for Skylab missions 2, 3, L are shown in

Figure 1 below. Using figures from normal workiﬁ% conditions on earth,

awake time (16 hours) can be divided into 8 hours of "useful" work and

e Ay
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namely, the number of instances that time for the
first In-flight trial was greater than that for the
last preflight trial, and vice versa. The results are
found in table 16-1. Thus, in the Skylab 2 mission,

TABLE 16-1.—In-flight (I) Element Time ( First
Trial) Compared with Corresponding Preflight
(P) Element Time (Last Trial) for the Skylab
Missions

lad Percent
L.~ I>P P51 (15P)
T 95 (se) “ (19) 68 (84)
B o1 (32) 52 (21 54 (60)
‘ % 37 6 (32) 58 (54)

ToraL 260 (108) 162 (72) 61 (89)
) 'Mummul&n-muom.

C ——

95 elements took longer to complete in-Aight than |
preflight. For 44 elements, the situation Was re-
versed. In 68 nercent of the cases, then, the first
inflight trial .ok longer than the last preflight |
trial.

Although the effect was not so pronounced for
the remaining two missions, the results were con-
sistent. When the results of the three missions
were combined, it was observed that 61 percent of !
the first in-flight trials took longer than the cor-
responding last preflight trials.

Data in parentheses refer to Basic Elements.
As shown in the table, percentages based on the
basic elements appeared more consistent from
mission to mission while summary results based
on all three missions yielded almost identical per-
centages (59 vavens @1\
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done as rapidly as they
reflight trial. For example, by
the end of trial 2, 44 of the 86 elements on Skylab
2 were completed within the time taken on the last
preflight trial.

From an overall viewpoint, the results for the
three missions were fairly consistent. When the
elements were totaled across the three missions.
exactly half of the elements returned to preflight
baseline (last preflight trial) by the end of the
second trial.

TABLE 16-111.—Number of Elements Performed
In-flight (First or Second Trial) as Speedily as
on Last Preflight Trial

Percent

Skyladb In-Right time Iu-ﬂl'mt time
miseion > last < last (I>P)
. preflight preflight
2 4“ 42 b1
3 46 53 46
C 61 46 53
To-aL 141 141 50
(),
9) /‘/?'
NG,
0,
/r)/‘) & /)-‘i '
Q( (I/"
4, / A
- /)~
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TABLE 17-L.—Activation Man-Hours: Accomplished and Available
s Mission*day .1 ) Mission day £
- Skylab * flicien Efficie
iSO A coomplished Avilable  ratio © |Accomplished Available  rmbio
2 o C 2.4 46.5 0.52
] 12.8 225 0585 - 22,0 540 041 . s
4 21.5 51.0 0.54
. Mission day 8 Mission day
Skylab » Eficie Efficien
MMUNON| 4 ssomplished Available mtizw Accomplished Available mtiocv
-2 271 - 510 054 26.8 480 0.56
3 22.8 405 0.55 . ‘
4 238 0.45 10.8 18.0 0.57

52,5
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8 hours of "overhead" or houéekéeping function. Thus a ratic of

.50 indicates a normal work day (8:8+8=.50) on earth. From

Figure 1 we see that during day 2 of Skylab 3 and day three of Skylab b

the work efficiency ratio is well below normal. This decrease appears
to be due to the restrictive problem of space sickness prevalent

on those particular deys. Again, unfortunately these results do not
tell s anything about ‘ervor Tate or type due specifically to motion
sickness. We can make some inferences about the most probable types

of errors.based on the time~motion studies. Analyzing performance

I3

»

times for maneuvers requiring fine, medium, or gross movements in-
dicate that while all three were initially affected, fine motor
movements demonstrated the greatest decrement. These results are

shown in Table 6. Similar results have been reported for extra-

- vehicular sctivities as well (59). However, this still does not

provide error rate and data type.

While time-motion analyses and efficiency ratios are useful
tools in providing us with global indices of performance they do not
answer certain specific quedtions of importance. It is not possible
to determine what specific facters may have influenced decrements in
these measures. Also, of perhaps greater importance, their post-hoc
nature does not give us épacific jnformation aboututhe status of the
crew at the time the tasks are performed. An additional limitation is
that these measures focus more on work output, they permit few in-
ferences about the quality of work or the types of errors made. One

final point, is that in the case of the time-motion studies emphasis
.y

is focused on standardized, repetitive tasks. We have no information-gﬂ

on categories outside this range which may require greater proBlem

solving or general cognitlve abilities.

N
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The elements were also categorized into three
classes representing tasks requiring fine, medium,
and gross motor dexterity. Because of the consist-
ency of results from mission to mission, the data
were combined across the three missions. The basic
comparisons, first in-flight versus last preflight,
were thus available for the three types of motor
activity involved in task performance. These are
presented in table 16-11.

TABLE 16-11.—Comparison_of Preflight and In-

flight Performance Times for Elements

Categorized into Finz, Medium, and Gross Mo-
.tor Activity Classes

Type of First incflight Fif(ﬂuc":-ﬂi'ht Percent
t

motor activity > last (I>P)
mvolved preflight preflight
Fine 83 49 63
Medium 122 81 60
Gross 39 30 67

Although the first in-flight trial generally took
longer than the last prefight trial, a result estab-
lished in the previous analyses, the percent in-
crease was most pronounced for fine motor
activity, less so for medium and least for gross
motor activity. The percentage differences are
small and insignificant but the systematic decre-
ment is important. Such 2 decrement would r¢-
inforce the debriefing comments of the astronauts
who reported that the control of small objects
caused more difficulty than the control of larger
masses. -

Return to Preflight Bascline.—It has been noted
that the first in-flight trial generally took longer
to perform than the last preflight trial of the same
task. The question arose as to how long it would
take to adapt to the Skylab work environment, or
more specifically, how many trials it would take
before an in-flight task was done as speedily as it
was on the last preflight trial. The criterion of
equivalent performance was taken to be that par-
ticular trial at which half or 50 percent of the
task elements were dore as speedily as in the last
preflight performance.

The sources for this analysis were the activities
involved in experiment M092 (Prerun and Post-
run, Subject and Observer), Experiment S073,
and Suit Donning and Doffing. Table 16111 yre-
sents the number of activities which, at first or

PR P S . -
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commenés on Péffarmance Measures

The range of performence measures spanning the dimension of fsce
validity have each contributed to our understanding of the astronaut
in space. Each has advantages and disadvantages. However, certain
problems seem to dictate our greatest focus for future research
offorts. The Tirst is defining critérion by which to measure per-
formance. Until we can adéﬁuately determine how performance should
'be measured under actual operational conditions, it is difficult to
see how ground-basea systems can be of any renl help with respect to
detection and prediction of conditions which may deter optimal per-
formance. Certainly, more effort is required to ensure systematic,
quantitative and quelitative data on performance in flight. Combincd

. with the criterion problem is the issue of task predictive validity
under ground-based conditions. For research purposes, emphasis should
bé’placed more on predictive.rather than face validity, slthough for
selection and‘training purposes the reverse is true. Continual emphasis
on how physiological indices relate to performance aspects of behavior
is ‘necessary. Both bebavioral and biqmedical measures are needeid to
determine flight crew status at any one point as a means of monitoring
and detecting potentially disruptive conditions (i.e., fatigue,
stress).

Given this discussion of the measures available to assess human
performance, let us procead to the issue of what conditions which
may adversely affect performance; Recdall that the need for performandéifyﬁ
assessment is both to monitor the health and sé?ety of the crew, but
also for use as a tool tou investigate what effects specific con-

tditions in space can and do affect performance. Our understanding of .
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these is paramount inthe planning of future long-term missions
if we are going to be able to sustain crew performance, physiuio-
gical and psychological health, and successfully comp.ete missicn

go&ls ‘

Factors Adversely Affecting rerformance

-
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Weightlessness

Work capacity. Wbile welghtlessness produces many rhysiolo-

gleal dlterations as, outlined in & previous chapter, little if any
information is avallabe on how this translates into changes in per-
firmance under uperational conditions. A few of them are discussed
below, but this section ficuses cn the effects of welghtlessness per se.
At least two important factors are directiy affected by zero g. The
first of these concerns the problem of motor moviments. As indicated
e;qlier, fine moéér movenents are adversely uffected during both
intravebicular (IVA) and extravebicular activities (BVA). 'This de~
crement in‘dekterity can posé~potentidl problems for the manipulation
of control banals, sensitiveﬁﬁcientific experimental a,parats, etc.
until some degree of adaptuation is achieved. Given the ever increasing
complexity of equipment (as pointed out by Table 1) the chances of
errors is increased by this problem. Equipm;nt designers must be
sensitive to this issue, ensuring that switches are easily manipuloted,
do nut require unnecessariiy delicate tuning, and are positicned in a |
fashion which allows wmaximum individual access without the chance of

altering one while atbempting to manipulate another. It may be de- | %:u

sirable to schedule specific inflight exercises to enhance dexterity
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outpub 18 the greater amount or matabolic costs required to con-
duct work in space a8 demonebrated in extravehicular activities.
Studies demonstrate that the metabolism,rates during EVA can be
potentially dramatic as in the early Gemini flights if certain
considerations are not made. Fatigue and exhaustion cancelled some
EVA in early wmissions. This‘gas due to the unigue character of
wonming_in.Spacawwhereﬂdiﬁﬂicglties_gre encountered in producing
reactions to actl.ons once momentum has been imparted esnd the problems
I B § maiptaining position in the absence of traction. Pr.blems have also
been encountéred in*moving.within a pressurized space suit. lany of
these difficulties have been resclved through realistically simulated
weightlessness training (water immersion techniques) and changes in
equipment designs. Also, specific trainipg is used to teach crew
_members to monltor muscle groups and to remsin maximally relaxed.
While these efforts have proven successful ss indicated by the
aumber of subsequently completed missioas, the metabcllc cats of
EVA as reported on later missions such as 3kyleb (61) dees still
warrant consi&enation in plénning the amount and scheduling of such
activities.

Snace motion sickness. Space motion sickness a& previously

discussed poses a definite problem to astr9naut performance levels
'at least in the early phases of a mission, or until acclimation has
veen accomplished in each sector of the eraft. This problem has been
described in more detsil in a previous chapter, but for present pur-
poses let us focus on how this byproduct of weightlessness affects
performance rather than physiology. ‘ -,

Thers have been multiple cases of spacg sickness experienced by

astronauts and cosmonauts during space flights. To give a few examples

of the more savere episodes we might first focus on astronaqt‘ﬁugsgll
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avaiiabie on the various phygicibgical effects which result fr.m

exposure to weightlessness, very 1ittle of this bhas been direct.y
related to‘specific yerforman;e aspects of spaceflight. This has been
true for many reasons, chief among them, that flight schedules have
not focused on obtaining specific performance data. Monitoring
aystems have been somewhat inedequate to the task. Perhaps the intro-
ductign_oﬂ.perfarmance”tasks4§pegifigally desighed to be sensitive

to the influence of various enviornmental (noise, Temperature, ete. )
.and physlologlcal (sleep deprivation, mental workload, etc.) conditions
would be of value ih more effectively assessing what is so difficult
to infer from changes in complex, overlearned operator functions. The
work of Frazier (73) and co-workers in investigating various operant
conditioning techniques as measures of responses to critical stress

) illustrates one such approach. Further kork in this area is certainly
warranted.

Hgbitabillty

*

While many issues concerning the factors necessary bto ensure
optimsl habitkbility of spage crafts for long-term flight have been
discussed in another chapter, there are certainly espects of this
domain shich relate to the maintenance of performance. The environs
mental conditions of the ship can play & mgjor role in affecting
‘performance as outlined in the sections below.

@} Hoise level., Noise levels during space travel have besen con-

sidered in great detail both as they relate to psychologicel and
physiological aspects of performance. At least two broad levels of
noise must be considered as potential hazards te maximizing per-
fopmance. The first entails high intensity blasts associated with
thruster firing, the other with contlnous and intermittent background

noise. In the former case, concern focuses around the possibility of

. PREEDING PAGE BLANK NOT FILMED
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temporary threshold shifts (&TS) in whiceh auditory perception ig

momentarily decreased due to.high intensity sound blasts. Such

incidents have implications for the transmission and receival of
auditory communications. The probability of performance errors due to
misunderstandings of guditory instructions, commands, etc. are certain-

1y increased during these periods. This suggests the need for mure

h ) - R p— Ld -~ . -

reliance upon other aegéory sphe;es~28uch as vision) for the communi-
TP cation of information to the astronaut during these instances. uWhile
.it appears that thig issue has been satisfactorily resolved during
missions to date, it is a consideration which must be continued to be
appreciated. As greater amounts of thrust are required to launch
and power the larger vehicles required for future long-duration
missions, the issue of acceptable blast: intensity noise levels will
" probably become even more critiecal. Continued research in this area
iq needed to better assess noise tolerance levels and specific
constraints upon communicatién systems as they relate tc overall
operator perfprmance. "

Perhabs more important'to our present concern is the issus of
whether continous or intermittent background noise during missions
poses any difficulties to the performance of critical tasks. Aside
.from the issue.of affecéé upon auditory perception, such as constraintﬁ‘jf
upon speech communication, there are several issues concerning lowsred
efficiency of work which does not involve conversation.

Noise can be said tc have two distinct effects upon behavior.
First, it produces distraction and therefore lowered performance,

>,

particularly in tasks that require concentrated attention such as

instrument monitoring, cognitive processing, etc. In this respect,

 invermittent noise appears to be the greatest offender (74, 75, 6). i
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Each occasion that the noisevoccurs in it may produce distractions

and thus performance decremeﬁﬁs. With continous noise the operator

may partially adapt if the sound is not to great. However, adaptation
does not occur as readily with intermittent exposure. Noise can also
produce alterations in arousal level which can in turn affect per-
formance., Unfortunately, no consistent effects of noise on cognitive
and sensorimotor-performance has besén demonstrated. Generally, increase

in arousal due to noise can be beneficial during performunce of routine,

‘monotonous tasks during which momentary motivation may decline. How-

ever, in the case of heavily loaded cognitive tasks (such as prublem
solving) increases in arousal level may produce concentration decre-
ments in turn reducing performance. Kryter (77) in his review of work

in this field over the past 10 years concludes that noise will not

"directly interfere with mental or motor performance® when present
belcw levels of about 27 dBA. It may Liave potentially beneficial
effects due to arousal and igolstion from distracﬁion when pressnt
at sbout 27 to 67 dBA, and may have possibly detrimental.efrects sbove
67 dBA due-to overarousal, aversion, and distraction from the tpsk
‘uestions remain unanswered as to whsther such effects have influenced
space crews to date. Qertainly, thereAhqve been complaints of éack—
'ground noise hindering slsep (78, 79). This at least suggests that
such noises may add to the already large number of potentislly ad-
verse conditions saffectinz the performance of space crews. However,
based on Kryter's analysis we find that noise levels currently
recorded during flight arée within the acceptable range. Figuresel
and 3 illustrate noise levels for vs:rioussfla%qllipxwlght tested in pre-
pavation for Apollo non-powered fligbé} Asdthe length of flight in-

Sy

creases and thus the leagith of exposure to these various noise levels,

our understandlng of how noise does affect performance will becume
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range deoreases effective speech production and intelligibility
(86, 87). Pinally, low frequéncy vibration can degrade performance
centrally, aeting in a non-specific manner'as a distracting and
fatiguing agent (83). This last condition may prove to be the most
important consideration for extended flipght. Low lcvel, but continous
vibration .can. deplate the,dbgnatpr of reserves necessecry to sustain
maximal performance during critical periods, With all of the
» .potengially annoying aspects of extended space travel, every effort »
must be made to mirtimize even the factors of seemingly modest con-
sequences. It is often the synergistic combination of these factors
which retards performance, despite the fact that no one varisble
alone produces noticeable effects. This point will be discussed in
a later section. '
Considerablg data has been generated in attempts to investigate

the above range'of effects dus to vibrétion. Somé of the most directly
relevant data has been obtained from flight tests and flight simu-
lations. Giefke, Nixon, and:Guignard (88) nave summarized these well
in their review of vibrationgl effects. They point out that viktration

at frequencies below 2 Hz are associated by aircrew with:

. a,
b.

Coe
de
Qo

N Page I

%

vibratipn; partioularly in the 4-10 iz

R

(0ly, B5). Whole-body

]

L}

disconfort and progressive fatigue
increased effort by pilots to avoid or correct inadvertent
control movements

difficulty in using navigation instruments
difficulty in interpreting flight instrument information
disorientation, occassionally

PRECEDING PAGE BLANK NOT FILMED
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Higher frequency (2-10 11z) vibrations are associated witn:

a, difficulty in roadin, instruments or carrying out
other ta calling for final visual discrimination
(esg+y visual search, reading CRT display)

b, dinterference with some manipulative tasks (e.g., writ-
ing, setting cursors on handheld navigation aids)

¢, general discomfort ana progressively worsening fatigue
on long missions

Given thi: range of effects and our previous experiences with the

problems of vibratiou during short-term sypaceflight it is clear th

every effort should be made to reduce vibratiocn levels durians exten-

ded long-term flight, particylarly during the long, but cruciasl

rt

cruise phase. w}
L

Temperature. Variations in temperature has been demcnstrated

to affect humen performance in diverse ways. In genersl, erformence

begins to deteriorate in any circumstance where heat reacnes about

75% of the physiological-tolerance limit (89). Several studies (90,

;1) have demonstrated decrements in coznitive and psychonotor pere

formance at temperatures at or above approximately (5°F wit! accuracy

tending to decrease as ternperature continues to incresse. While there

are a multitude of qualifiers to these results (humicity levels,

stored body heat, water loss, vapor pressure, efc.) it is clear that
increased temperature can adversely affect performance. Furthermore,
the duration of exposure can influence performance decrements due to

increased heat. For example, Figure q taken from the work of Roth (89)
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ed performance and tolerance limits (Teichner, 1961). excessive
penalties in recovery time may be required if normal lim.is are exc-. | Fyen
though no other stremes are anticipated or evident, it is sugges.rd that
75 percent of the average tolerance limit level not be exceeded until the
significance of deconditioning that occurs during space flight is better
understood. Figures 3-23 and 3-24 ceflect performance d
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Fiqure 3-23. Combined performance averages for 11 wireless telegraph operators
under conditions of ¢xtreme heat. (Roth, 1968)

Table 3-11 summarizes the physiological response increases and decreases in

environmental temperature (Spector, 1956). The debilitating effects of heat have
received much attention (Lind, 1963).

Table 3-12 classifies the symptoms to be expected from the debilitating

effects of heat.

m highly motivated individuals may be capable of excreding "”m."y-
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illustrates déérAMehté in gﬁﬁréior performance at various temperature
levels and exposure-durations. Note that as either temperature or

length of exposure incredses povformance errors tend to increase.

The types of task performed appear to be differentially sensitive to
heat strain as indicated by Figure 5. Note that cognitive tasks appear
to be the most adversely affected, presumably because of changes in
arousal levelsn While heavy psychomotor performsence work is hesat

affected similar results have been obtained by other investigators

LS

"a8 well (92); However, tolerance to heat strain for varying exyosure
durations appears to be inversely related to the degree of physicul
offort required. As Figure § shows the length of time thut can be
tolerated at different toemperaturs levels decreases &s the amount

of energy expeonditure increases.

These results pose some interesting questions with reperd to
spacelflight. It is evident that craft temperature must be waintained
at comfortable levels in order to ensure ortlimal ﬁerformance. in at
loast one insfance, temperatures rose above this level dbring Sliylab
2 before the thermal screens could ke erected to shield the oxpocsed
skin of the orbital workshop. Had the loss of the micrometeroid shield
occured during the flight, expousure to the huye terperature increases

+ could have had hazardous effects upon the crew'!s hesalth and general
performance ef'ficiency.

Une instaence in which acreared temperatures posed preblems for
optimal crew performance included the shortening of aowme Gemini EVA
due to increased thermal stress. As indicated earlier, metabolism
rates increased dramatically during these EVA eld the space suits proé"
vided were not able to fully .compensate these changes. While laterl‘ )

efforts during the Apollo and Skylab Programs seemed to have recti- .

fied this problem, the earlier difficulties do serve to emphasize
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Fiourx 38. The average percentage increase in error when working in a bot cliniate, plotted
according to the average superfida rectal temperature at the end of the working spell. A
pnorma temperaiure would bave been about 97.5°F (36.5°C). In the wireless telegraphy
reception task, 11 experienced opertors received messages in Morse code. The messages
consisted of groups of letters and numbers. They were presented at a rate of 80 symbois
per minute. In the coding task, 12 young enlisted men selected pieces of wood from a
tray. The pieces had to be placed on wooden pegs in the correct order. They had (o be the
correct side up, and the correct way round. This was specified by a code typed on a slip
of paper. .

The resistance box task was performed by 16 young enlisted men. They had to identify
each of 10 terminals with the outputs shown on a drcuit diagram. This required taking
measurements betweer. pairs of terminals. The vigilance task is the clock test described in
the aaption of Figure 15, page 74. The results are (rom 89 young enlisted men. The heavy
pursuitmeter tack is illustrated in Figure 83, page 128. The 10 young enlisted men had to
raise and lower a lever currying a load weighing 50 pounds. (After Mackworth, N.H.: Re
search on the measurement of human performance. On Sinaike, HW. (Ed): Selected
Papers on Human Factors in the Design and Use of Control Systems. New York: Dover,
1961, pp. 174-3881))

ture was recorded automaticaily using a thermister placed under the tongue.
It was raised rapidly by exposing the nude body to air moving 500 feet por
minute with a temperature of 110°F (43°C) and 100 per cent humidity. Once
raised, the body terperature was maintained by placing the man in an air-
tight suit which enveloped him ap to the neck. The suit was ventilated with
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Effective temperature

Exposure time in hours

Ficurz 40. Critical combinations of,effective temperature and exposure time. The upper
dotted curve shows the mean physiological limit for sitting still. The lower broken curve
skows the mean physiological limit for doing a moderate amount of work. Most people
cannot telerate longer expesures shan those shown. (Results given by Lind, 1967, Figure
1.) The middle unbroken curve ghows the limit for efficient performance. Points on or
above the I'ne have produced reliable drops in efficiency. (After Wing, ].F.: Upper thermal
tolerance limits for unimpaircd mental performance. derospace Med., 1965, 36, 960-964,

Figure 2)

(see Chapter 8) . Probably the results used by Wing fit together so neatly be-
cause all the tasks were about equally insensitive to small increases in body
temperature.

The 5<choice task was performed in air with a temperature of 100°F
(38°C) . The wet-bulb temperature was 90°F (32°C). The air inoved at a
rate of 100 feet per minute, and the men only wore shorts. The number of
errors increased reliably in the heat. So did the number of response times
longer than 1.5 seconds. Doth effects were present during the first 5 minutes
on the task (Pepler, 1959) . The results are listed in Table 9, page 290.

Other Effects of Heat )
As the temperatre of the hody rises, more hlood goes to whe skin tc be
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the point thht)ﬂbéb can and does pose & potential cbstacle to
sustained performance during spaceflight. Just as inecrenses in tem-
perature can affect parfarman@e changes under spaceflight conditions,
decreases in bempersture can also produce éfficiency decroments.
Skilled motor performance shows progressive declines with continued
cold exposure. Tasks requiring manual dexterity, tactual sensitivity,
or rapid reaction times appear to suffer the mogt. For exanple,

Dusek (93) tested subjects under several lowered temperature con-
ditions and found decrements on several tests of dexterity and mani-
pulati;enéssf Toichmer (Yl) found similar results investigating wind-
chill levels on tactual sensitivity, visual reaction time, as well as

mai;ual skill. These results are displayed in Fipure 7.

while skin temperature of the hands would seem to be the obvious

factor of importance here, it is important t¢ note that other fuctors

ef u psychological or physlological nature alsc appear te be invalved.
Luekhart (95) inQestigated the effects of a cold.ﬁody witn or without
cold hands upon three manipulative tasks: stringihg blceeks together,
pscking them into a box, or tieing a number of standard lmots in a
numper of pieces of string. All threc basks were porformed less .
effectively when both body and hands were cold, armi.a_ the honds ime
proved performance on all three tasks, but_did nuet raise the levels
up to control levels in the case of the two block tasks. This surgests
that @& posaible change in srousal level cculd have infiuenced ;<r-
formance independently ol limitations imposed by reduced dlisital capn-
bilities.

These results indicate the importance of ensurin: n cowfortable
temperature range for space crews. Some problem with lcewered tem-

peratures have been enccuntersd in previous flights. For example,

crew comments during several of the Apollo flights indicated that the <"
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Figure 3-36. Performance time, skin, and digit temperature as a function of windchill,
arctic dothing wom except where indicated. Hand expossd dunng performance only .

follows spproximately 35 min of exposure. (After Teichner, 1957, copynght 1957 by
the American Peychological Association and reprinted with thewr permission)

Acdlimatixation to Cold

Recent evidence indicates that under cold conditions, increased voluntary
caloric intake and other compensatory processes result from the increased
energy expenditures asociated with field activities (Davis, 1963) instead of
from the low temperature as such.




" becomes tou low, as is ﬁotentially possible in these ceses, subject

space missions. Flights have been of relatively short duration and

Page v
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Command Mbduléﬁwés uﬁéomfcrﬁéhly éool. During the Apollc 13

mission low alectrical pbWer‘lavels reduced the cabin ten-
persture to a range of 49° to 550F, During the Apolilo 11 mission,
crewnen could not sleep in the Lunar Module because they were too
cool, While these have been relatively minor problenms, such
fluctuations in temperature should not be discounted in considering ‘

8il of the factors’ which Way affect optinal ; vrformance during svstained:

space travel, 00&
g

Isolation and confinement. While these twe factours of extended

1

space flight are cértainly immensely important issues, it it rather
difficult to precisely detail what effects they will h:ve on por- 5
formance if indeed thoy do become problems. Many laberttory (96, 97, k
99) and field research (99, 100) studies of isolated or confined
subjects do report decrements in performance. Indeed the renge of
varinbles which. are reportedly affected seem to.be larre. They include
a'range from simple retardation of motor coordination tﬁ an inability |
to maintain adequate cognitive functiohing.

However, our understaniding of how isolation and confinement

affects performance is not as well detailed. One of the single most

important factors seems to be changes in motivation. When arousal luvel

apathy increases and performance decrements may become rroencunced.

Since this topic is covered in much more detail, let us suffice here
to say that the effects of isolation and confinement can be wide-
spread and pronounced, one offect being to reduce performance

. o,
efficiency. At present this has certainly not been a problem during

e¢rews have had wmore of a problem with work overioad than underload,
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However, &s miesiﬁn‘ieﬁgth iqcreases and relatively easy return
asccess to earth decreasea, hhese may become more impertant topices.
It will be necsassary to pnovide more elaborate monitoring technigues

to assess such factors as motivation and in turn to assess if and how

>y, ¢

performance suffers, This will be a particularly importint point during

e o Ky
A

long cruise phases or in permanent orbital stations where vectivities,
soclal_contacts, _and volumebric area may be substantially recduced.

Summary of Rabitability Factors

. While the habltability issues presented represent only a portion

* D

of all tho pc%entially important topics related to space craft environ-
ment and performance, they are certainly the ones which bhave received |
the most attention. The reader is referred to “he habitability chapter
for a more comprehensive treatment of this toyic. ° “t:
While most of the factors discussed have not posed any real ‘
problems during pyeviously conducted missions they are of preat
importance to thé planning o{ future miésions. Désigners und plenners
are going to have to become increasingly more sensitive to these hu-
man factors for the purpose{'of future extended spaceflight. The
emphasls must shift from how to integrate the human into the overall
gystem to how to fit the system to the overall demands of the human. 4
Sueh a shift in orientatjon will be a challenge but is necessary to
ensure sustained performance for crews already subjected to a myriad
of adverse environmental conditions, Designing the craft to ensure
optimal habitability must be a primary goal fer future missions. This

is true from the standpoint of optimizing performance as well as ‘~;;

maintaining the heslth and séfaty of the crew. Bactors such as noise, -




e x L Fago 51

short-term flight’haé’ineréé%ed, the longer time element and the

added complexity of trew composition and task requirements iivt be the
need for extensive research along the lines of these topics.

work Schedule Factors

In assessing the coﬁditions pertinent to the optimalization of
sustained complex performance severai igsues must be considereC witiy
regfy td "tHE" amourt ond seheduling~of work activities. Previous
sections have discussed the conditions under which work is por-
"formed. Now ?he focus will shift to the duration and pattern of
work and it's compl%ment: reat and sleep.

Work-rest cycles. Variations in the work-rest cycle have been

extensively studied because of their significance to sustained per-
formunce and safety (101, 102, 103). Several recommendations cen be

. made regarding the scheduling of these cycles for long-term flights.
First, operator efficiency is highest when a stable gli=tiour periovd

of work and rest is maintained. Other veriations bn the length of the
cycle have nof proven as efficient, or at the least require several
weeks of adaptation. For example, Kleitman (1.4, 105) found that men
could perform sabtisfactorily under 1d¢ and 23 hour days, but that the
time to adaptation was greater than § weeks, Furthermore, 3rindley
(106) was unable to find adaptation to a 22-hour day after b weeks.
These results and others strongly prescribe s &li-hour day. within
this cycle, the oriticsl issue appears to be the establishment of a
consistent time for sleep. The time of slecy has implications for de-
synchronosis which can affect performance. Sleep schadules may also

affect the quality, quantity, and patterning of *sleep if drastic



altérationa areﬁéﬁhe. Usiné‘mhe.sleep phase of the 2li-hour cycle

as our anchor, seVQral pqiﬁtg can be made regarding the slleeation
of time for productive work on the one hanq, and houselteeping chores;
personal bhyglena, and rest on the other, An initial point invelves
the type of productive work to be accomplished. Studies indicate
that the type of work to be accomplished seoms to dictate the . st
efficdent -duty sechedule. For -example, Chiles and Adums (1.3) pr-
gcurch support the following conclusions repgarding durstion of work
‘rerlods:

1) A maxiéum duty period of l hours is most efficient when o
passive:.task is combined with one or more sctive tusks, tne
workleoad is not too great, and a high level of performance
must be maintained.

1. .1

sable when

jte

2) A maximum duty period of 2 hours is adv A

=,

possive btagk occurc by itself. In this cuse ntteation cannnt bs
adequately sustaiacd to ensure sat!sfactory performrace for
1eriods longsr than a maximum of 2 hcurs.
3) Whan-tﬁ;re is a consiéerablc variety in the najor tasks,
they call for active participation, or arc passive tasks which
have very readily detectable signals tu which the ojcrrnter must
respond, the duty -period may be routinely extended to 1: hours.
.ﬁach of these recommendations will no doubt nuve relevance te various
phases of extended missions, It will be necessary to develop a
taxonomy of tasks versus duty hours as they apply to each crew person
at different points durirg the flight.
Cne potential difficulty invulved in schedfiling duty lLiours per-l

tains to tasks which require continous monitoring or adjustments. It
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' justed. Then the former crew member would be free to shift to the

supervise and ensure that work quality was maintained.

e : Page 53
will probébl& bébnﬁcaésﬁr& féfhave some form of crew duty rotation
guring extended missions. This poses the problem that to maintain
maximum'operation‘on a 2li-hour schedule, some crew members will be
working while others sleep. Here we face the problem of subgrou;
schisms. When cliques begin to form around individuals on duty
dimultaneously, there is always the potential danger due to de-
creased céhmﬁgiégfibn Eﬁaﬁ'thé‘désifgs and goals of the groups will
slowly divergoe, leading to inter-group hostilities. One possible .
;ulutibn to this is'a planned intra-group rotation of ©ll members on
bosrd. For example,’members of one work pericd could be routinely
shifted to the other duty period on a shared cdaptation schedule.
The established crew member would be on duty simultaneously with

the newly shifted individual until their circsdian rhythmicity ad-

o%yer gchedule éégain shared with someone already adjusted to that
sleep-work cycle). Buch a prdcedure would be better in that it lnsures
overall group,cohesion end minimizes the formation of subgrougs. This
does pose the difficulty ofédesynchronosis, but if the duty shifts were
conducted at appropriate intervalé, adequate time to adapt would be

available while an already established crew menber was present to

workload. As implied by the recommendations of Chiles, different
tasks exert varying degrees of load uzon an operator, whether physicsal
or mental. This issue is important because the degree and duratvion 1;
of workload has many implications for the safety and efficiency of U
flight crews. As indicated hy the air pilot 1it2;ature, the association
betwesn worikload and safety is indisputable. There have kLeen manyv b

instances in which sbnormal flight deck workload levels have .been
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implicabed us ‘oa
is true both for overload anﬂ;underload situations.

An understanding of the concept and measurement of workload in
apace will be a necessity for successful long-duration missions.,
Wuile it is relatively easy to quantify the degree of physical
exertion roquired by a given task, however all the quantification of
menta¥workloasd ~still remains -to be-adaquately detailed. Simply de-
fining this concept has been an effort in and of itself. Most
'definipiops have coincided with the type of measurement used to assess
the effects ;f varying degreea of load. Thus, there ie n certain
circularity in definition/measurement. Cohen and 3ilvermazn (1.-.)
point out that messurement of mental coffort mignht include ".....
evaluating the periphersl, integrative, and motoric abitiitles of
. the operator, as well as smotional, physioclogic, and hormonal
responses, -

»

Several approaches have ,been used in attempts to measure

this aspect of the operator!s requirements. 4ll generallé rely
: ) ..
ron experimental evidence which indicates that humaas have only a single
chamnel cpability‘for proueséing information and making declisgions. Based
on this hypothesis is the idea of a mﬁximum cazacity for mentsl pro-

» cessing which, if exceeded by the demands of the tasks, yield over-

load and rerformance deterioration.

We can arbitrarily cutegorize most measurement attempts as
subjective, objective, or physiological. Subjective meosurements
including the use of questionnaires and rating scales are currently
probably the best single measure of short-term Workload. Objective
methods have reliéd upon iaborétbry tasks, similar to those described
in an earlier section of ithis chapter, to investigate proecessing and

decision making capabilities under a variety of loads and conditions. o

4
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Here the use of a primary and secondary task condition:bhas becn

omphasized basod on the single channel processing ascumption.
Physiological measures have been based on neurological
arousal and its established relationship with performance (several
of these techniques will be discussed in a later section on strese).
Generaily, there is an optimal wurkload which can be estimated
for given -tasks,-individuals -and conditions using this range of
assessment approuches. Defining the workload requirements of space
-crews at each mission phnase will be necessary erior te flight. Such
anastigatioés i1l probably involve several of the measuranent
ap.roaches along the face validity diwens-.on yreviously discussed.
Wbile this is a basic requirement to ensure crew safety and efficiency

current knowledge still involves post-hoc rather than yredictive

. propositions. Detailed end extensive research intoe this issue of

worikload, partidularly mental, is still very much a nucescity.

*  Desynchronosis. As indjcated in discussiva of weri-rest cgjeles,

4 2li-hour day has been shown to be superior in reinfereins perf rmancs

A v
efficiency. This is most intimately tied tc the notion «f circadian

rhythms. It is well documented that many functions of the human bcdy.,,ff?

are regulated on a near 2l~hour basis (109, 110). islterctions in the
time of sleep or work, both within and across these 2q=-ucur blocks
‘can have potentially detrimental effects upon operater perfurmance.
This disruption, desynchrinwasis, as evidenced in travelers flying
aeross several time zones, produces symptoms which include malalse,

inscmnia, appetite loss, nervous stress, end inability to work (111,

112, 113). Coincident with this is a deficit in"perforuance. Laboratory ° '«

and field studies demonstrate that drastic phose shifts have frequently:

been sssociated with decrussed reaction time, lowered attention, de--.
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eremonts in prbbfemAéolvihg'ability and ¢ range of other psyehe=

motor and cognitive factors, plearly, there is a danger involved

in altering the sleep-wake cycle with regagd to sustained yperfermance.
There have been scmo problems associated with these phase shifts
during several manned space flights. Prior to the Apollo ¥ mission
it was common practice to employ stapgered sleep schedules for crew
members. This-resulted~in-shifts of-as much as 6 to 10 hours in the
normal earth based time during whiceh sleep would normally occur,
® -Buch deseription ia the normal cycle was desceribed as proaducing "a
wost unsatisfactory’situation in £flight" (114). Bven dﬁring later
flights where crew members slept simultaneously, the oftcn hectic
schedules required displacement of the sleep phase by severul hiours,
These data suggest that a potential for performonce decrercnts does
. exist when the normal circadian cycle is allered. For future extended

nrissions theiprohlems of adjusting schedules to work requirements

will be an issue of concern, Future research ism this aren should be

.
. I

continued with empnasis on enhancing tolerance and mininizing problems
through selec;ion, pharmace&tical agents, adequate scheduling, etc.
Scme of these suggestions wiil be discussed in the Selection and
Training chapter. For example, differént personality characteristics
- seem to lend themselves to greater adaptation to phase shifts.,
| Another important issue of the area of circadian periodicity
concerns the daily fluctuations in performance levels which have
bew.n reported for different tasks. It appears that perfurmance azy bs
subject to the same ecyclic regulation.as are many physiological
functions, Varying levels of performance accura¥y has implicatiuns

‘ for operators in space und ghould be econsidered. For example, per-

‘\formanoé‘as4represented by the average number of simple addition

. sums completed in'a I8 minute period is not a constant function

3.




SRR, Page 57

.

across a 2u~hoﬁf €lﬁé‘b1ock;“but rather follows a cyclic pattern
coincident with.diurhal chang ;s in body tempersture (115). Similar
patterns have bsen observed for auditorytvigilance tasks wliere hoth
the aversge number of signals detected and the average response time
were measured, Many other examples abound. Perhaps more important vo
the current discussion are findings related to the rhythmicity of
perforfancd Igvels just withifi'the work day portion of the 2l-hour
cycle. Kleitman (104) regarded as a leading authority in this area,
has concluded that there is a recognizable general pattern in the
fluctuations of performanoe levels ihroughout the walking dey which in
many cases can be related‘tcldiurnal variations in body temgjeratures.
His results indicate that pérformance on many tasks show a morning
rise with a peak soméwhere in the afternoon, followed by a fall. While

.

‘the exact timing of these points is disputed by various investigators
(116), all appear to agrec that there is a recognizable genersl
pa%tern in the fluctuations of performance levels during the working
day. This poses some important research questions for space mission
planners seeking to optimizeg work output and accuracy. Hesearch
should be devoted to assegsing how various duty tasks should be
distributed across the work day to mazimize performance. For example,
it may prove advantageoud to schedule delicate and sensitive tasks
during the "morning rise" in body temperature end performance levels,
and relegate less demanding or critical tasks for the "afternoen falll
period. Such a schedule would require constructing e taxcnomy of tusks
most appropriate for different phases during the daily work schedule,

- . * 03 L v
which in furn requircs a greater understanding of what types und re-

quirements of tasks are most affected by circadisn prviodicity than

~ is currently available.
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Uas factor reinted to circadian rhythmicity which has been
! xtei ly st ed is the determination of variables which serve
Lo regulate the Zi-hour clock, These variables are referred to as
<elitpebers and consist of a wide rence of physical, temporal and
ocina ues” which serve to entrain sleey end wskefulness to a
ular rhytha. “ben Zeltzebers are not present, certsain rhythme
becom free running” and may vary from a «f=hour schodule as a result.

fois podnts cut the lmportance of determining what specific Zeit-
P

'

, ebeoy ay be involved with what specific rhythms if we ar: going t:

1ttenpt to artificlally reproduce earth based Zeitgebers under space

mditions, Glven thet few if any "natural" Zel.tgebers will be

! able in ace (e. . Sunrise-sgunset) ruseargh ie needed to dee

TN ‘ factoz t rovide and how te do it, rtificial 1 ht

vil e lmportunt, It may prove useful to experiment with autoust

t ers whi an more accurately simulate daily earth 1! Ly
ad it 1S, alsSe, social cu revolving around daily meals, rkeret
> \d eveni ] Su ictivities will become inereasin, )
) nportant., Indeed, some research indicates that social cues n y be
even more limportant than lightiag conditions (117) fo» regulati

wors peviormaace, Given that circedian rbhythms and the issues w?
und it dc oave importent implicat ons for performance

e of how to entraln those rhythms to the most advante: e

1 Decome: n laportant, if not critical, research n»

‘ . Implicit in the .“-f\)d)‘ of effective work-rest (

Light Is the need to define and investigate those factor:

!

id how this in turn may affect performance during
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perférménce and #hat s the bime required to resch normul veling
levels of performance? Lengdon and Harbtman (127) investigated this
problem by assessing performance (turning off lights st a desk
console when the experimenter programmed them to flash .n) upon
awakening at midnight and between 3 and L4 a.m. There were results
which indicated it takes not less than seven minutes after being
aviakened a8t nigh%-fdr 2 -person- to achleve normal efficiency at

this kind of task., Similar findings for reaction time are reported
by Uebb and Agnew (128) who awoke subjects during the deepest stage
of gleep, staée L. These results suggest that performance may be poor
if a crew member is awakened during sleer to attend to an emergency.
If s critical maneuver must be performed during the first seven
minutes upon awakehings'their performance may be incspucitvated,

. While this fact has not been a problem to date, this docs point to
the advantage of}potating, 2l ~hour schedules which provide for some
crew members to be on duty at all times.

Summary of Work Schedule Factors

& B L1g
The amount, type, and patterning of worl sctivities will most

definitely have a profound impact on thelperformence love. of future
space crews. Researcli is needed to define the scheduling of particulab
flight activities colncident with opilimal arousal due to circadian
}hythm fluctuations. The 1enéth of work~rest cycles need to te
examined with respect to the types of activities the crew will

engage in from hour to hour. The issue of staggered, rotatin: crews

is a research question of importance here as well. Better defining the
workload of crew members will alsc be necessary“to minimize over or

underload leading to performance decrements. To be considered within"*‘

the work-rest cycle is the issue of desynchronosis, how to prevent it .

PRECEDING PAGE BLANK NOT FILMED_. .
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through the ﬁe&eiéﬁménf offéffective artificisl Zeitpebers, wund how to
arrange the daily routine to hest make use of highs snd lows in the
oycle. Further research will be needed to better understend tho
effects of weightlessness and othor space flight condition on sleey,
and bhow in turn the alterastion in terrestrial sleep patternz muy
influence performance in space. Each of these separate issues cin be
approathed "through better habitabilify considerations, crew selection
and training techniques, &nd various countermeasures. This is &

broad area, of tremendous importance that will require & great deuwl

of integrative resea;ch, both in space #nd on earth, to pull togather
and better udderstand the individual and interactional effects of the

several factors entailed in work aud rest sehoeduling to sustain

optimal performance.
' Y , % (ﬁoﬁicd' )]
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Definition, Measurcwsnt, Issue:
' .

Previous sections of this chajpter have dealt with sora of {ee
important factors which ars known to adversely affect yurfurman?e
levels. While we have addressed tiese variables ‘ndividuaily, thoy
‘are perhaps more frequentiy discussed under’the seaeral rutric of
stross and stressors. An important theoretical and ewpirical question
is tu: issue of how these different factors operate to produce
deereents in performance. If indesd there is a similar action on
the psychophysiological functioning of the individual, then the tsslk
of detalling how these individual conronents alt;f behavior would be
greatly reduced. This idea was originally popularized by H:as Selye

(129) who proposed that differsnt "stressors" tend to produce similar‘.
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physiological ohangéa; Sel&aﬁpa&nﬁed out that alltheugh differcnt
disense syndromes have unique'characteristics, they have wuny
featuros in common which slicit a stereotyped reaction by tle
body (the Goneral Adaptation Syndrowe). Thus, Selye bas cbsorved
tnet such diverse factors as cold, heat, X-rays, adrenclin, insulii,
rpuseular exerclse, ete. produce an.non-specific offect result.ng in

oy - L) -

autononie exeitability, adronaline discharge, heart rate, muscle Lone,

" LY

urail Bloud content changes, and gastroilntestinel ulceration. Adrine-
;orbicél énlawgemen? end hyperactivily arc ordinsrily obsoerved in toe
countershoek phuse. Thesce findings suggest theot 1t might be pussible
to understund the-genernl,non-specific effoct of any "strcssor" and
its implications for behavior change snd thercby reduce the need to
study ecach and every condition which might produce these cluiyoes,
'quever, this view is unfortunately too simplified as deotrliled in

the soctlions which follow.

Problems of Definition

Cne of the grestest obstgclvs to the productive investigation und
understanding of stress is definitional. 3tress has been defined in at
least throe distinct ways as noted by Appley :ad Trumbull (130):

1) On the gtimulus side, the term has been used to descoribe
situations charactérized as new, inténse, rapidly ehanging,

sudden or unexpected. Also, stimulus deficit, absence of

¥

expected stimulation, highly persistent stimulation, and fatigue-

producing and boredom-producing settings huve alsc been doseribed

as stressful, as have stimuli leadiang to cognitive wisperception,
»

stimuli susceptible to hallucination, und‘stimuli c¢alling for o

conflicting responsas,

) On the response sidi, the presence of emotional activity
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has been used post faoko to define the existence of stress,

This usually refers tb.any bodily response in excess of "normal
or usual" states of anxlety, tension, and upset, or for Lhat
matter any behaviop which deviates momentarily or over time
from normative values for th: individual in question or for
an appropriate reference group. Indices used include suci
Tovert emobional responses ss tremors, stuttering, exaggerated
spegch characteristics, and loss of sphineter contrel, or
'such performance shifts as perseverative behaviors, Iincreascd
reaction time; erratic performrnce rates, malcecoordination,
error increase, ard fatigue.
3) The existence of a stress state Within the orgunism hes
alternatively been inferred from one or more of » number
of partially correlated physiologicul indices (to be detniled
later) which can be usefully distinguishad.from resuenses
which are of the order'of overt porformanca‘changog cr chb-
servableg symptoms of emotionality, such as those noted above.
The laci of consistency in defining stress needs further come’
sideration. If it is to be a useful term in our investigation of how
environmental conditions affect performance, considerable theoretical
.refinement must still be accomplished. Without a commonly accepted
definition thc problem of investigating the multitude of individual
factors which can reduce performance efficiency is only rerlaced by tha5‘;
lacl of comparability in the single study of the hypothetical construqt,; 
"stress", . o “iffg;
Giueh‘the problems cf simply defining whagxis meant by the

global term stress, we are further confoundecd by its measurement.

‘;gavéralfavenues,ha&e been investigated. Researchers typically seek. tu
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develop & conditiéﬁ which ﬁréduces stress (again o definitic.aal
problem) and a mensure which indicates its presence. These measures
can be organized into at least three broadly defined and fregueatly
overlopping categorics which we will donote as tests of emotionel
response, psychological nosessment, and physiological indices, iach
ig dlccussed below.

Tosts of emotional response. This category focuses on the

reusurement of personality end its relationship te varying environ-
' &éntal'conditions. It is nssumed that alterations in the subjective
report or objectiVehobservations of the subje~t can be reloted to
stress, Specific teclmiques include intervieving and dircet ob-
servation, self-veport, und the use of certain rrojective psychological
instruments. For exariple, Funkenstein, Xing and Drolette (131) inter-
‘viewed subjects following a stress inducing tusk (resestin; ¢ pro-
vi:usly learned sfory while a feedback mechanism returned speooch, «fter
a deluey, through sarphones). Rating measurements of ancer directed
oubtward, angeftdirected inwapd, anxiocty, etc. were shoua to be highly
reliable and significantly correlated with a battery =f uther poycho-
logical snd physiclogical indices.
Questionnaires such as the Taylor Manifest Anxiety Scale, the
' Minnesota Multi@hasic Peﬁsonality Inventory and the Edwards Personal
Preference Schedule have been used to gain subjects' self-rererted
stress ratings. While these ars wore indicators of interncli ressures
and conflicts rather than external environmental stressors tuat can
be effectively used to judge the subject's overall mental healtl: and
response style to adverse conditions. B
Projective tesbs iuvolve the presentation of ambiguous, un-

structured materisl to the subjects in sn effort to assess un-

conscious motivations and drives. The Rorschach Inkhlot Test and
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the Thematic Appefcéption”ﬁs§£7are perhaps the two most'widely
used tests of this typs. Burch and Childers (132), Burns and
Ziegler (133), and Walker and Atkinson (13l) bave used these
instrumeats bofore and after stress to measurc the style of
response to different situations in a useful fashion.

These types of assessment have very distinct advantages and

o

disadVéhtages for stress research. They are usoful in predicting

response style to differing environmental cunditions and may tell

&s something what eyents are indeed stressful to the individusl.
However, they usuali& do not indicate the degiec of eff:ct. Further-
more, vhey are not entirely suited for actusl use in space =5 they
require time out from the normal workday schedule sad ore aot suited
to the wmeasurement of resjonse charges during the scturl straessiul
event. They are perhups bLest relegated to the selection .ad traininge
ofsastronuuts. Here they can be used to better ussess an individual's
capacity for stress and to delineate what cvents may indepd be stress-
ful. It does not eppear ot prosent thal these .Lnstruments will be of
significent value during actﬁal flights, but pre- and post-flight

testing might prove worthwhile.

Psychological assessment, This category includes mecny of the
srocific tyres of tasks already detailed in one of the first sections

of this chujter. Perceptual tesis, motor tests, cognitive teuts, wnd

tests of attention have all bebn shown useful in assessing stress effects

to varying degrees. The baslec ‘paradigm typeially iavolves measuring

¢ responss to a particular task before, during, and after strass, in

»,

various combinutions, -and determining whether responses have changed
which can logically be attributed to the supposed stressor. While

useful in ground based, highly controlled experiments, this approach
f our current knowlsdge on the per=

¢ . R
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formance effe&téyéf'varicu;'éﬁ%ironmenﬁal parsmeters hds cowme Lfrom
this type of work. However, in the more complicated world of actual
space travel these types of indices become increasingly less usefl
for isoluting whalt specific factors from a myriad of gnvironmental
influences produce what specific effucts. The need to more adeguately
study the inbteraction of different stressors is an issue of naranount
{mportance and will be detaifed in The next wmajor section.

Psychophysiological indices. By far the most appealing

* "moasures of stress for use in actual space flight are those included
in this category. fhe mere quantitative nature of these variables
and the potential for minnte te minute, or hour to hour messurements
has much to offer to the study of stress in space. The physiologlcal
gtudy of stress is based on and supported by ut least three specific
sornerstones. The first, originally proposed by Cannon (135) and
later demonstraﬁed by ax (136), Elmediian, Hoje, and Larrson (137),
and others, holds that ciergency reasctioas are wediuted by actions of
the sympathetic nervous system. Measures of sctivity of this syatem
(adrenclin, noradrenalin) Wave commonly been used in stress recearch.
The work of 18elye (13B) provides the second conce;t. The Ueneral
Adaptation Syndrome is mediated through the secretion of adrenc- |
corticotrophic hormone {ACTH) by the pituitery gland which stiuulates
+he adrenal cortex to produce and secrete sterold horiiones producing
changos including decreased lymphatic tissue and alteratlons in
protein, carbohydrate, ond fat mstabelism. Thus, the weasureanocut
of adrenal hormones and iheir derivatives as well as chainges in
circulatory lymphocytes und other peripheral hgfmonal effects ure n

second area of indices orten examined in stress research.

The third concept is based on measurement of activity in the

i PR §
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central nervous swstem. According to Magoun (139) and others tne
reticular formation receives information from collateral scnscry
tracts and sends impulses to the cortex whieh regulates cruusel =nd
alertness. The assumption being that an organism under stress is more
highly aroused. This approach has lead to the measurement of bruin
waves, heart rate, skin resistance, blood pressure, and seversl other
indices in efTorts fo measlre the derree of psychophysiclesical
arousal coincident with various stressors.

Nearly every major American space mission has aaalyzed sune
dota pertinent to tﬁ;se three areas of approscti. For exam).le, urinury
catecholamines, heart rate, and respiratiovn rate were measured un the
Gemini VII and IX missions t3% indicators of short and long-term stress.
Brain weve pattsrns during sleep have been investigated during Gemini
'VII and Skylab. The use of psychophysiological technigues has been of
great value in the study of stress in space, bothnin monitoring the

-

existence of stress and in better understanding the 'necaanlsma Tow=

ever, this appgoach in and of itself does have certain disadvantages.

As Lacey and Lacey (140) poiht out, subjects tend to differ in their
responsitivity on different measures of stress. Each individual seems
to respond to stress with a "hierarchy of activation" demonstra%ing
relatively overactive levels using certain physiological measures,
average levels by other standards, and an actual underactivity using
still others, Thus, no single measure can indicate the total arousal
of the subject. Furthermore, even an extensive battery of measures may - -
not be entirely usefulfin aésessing a single aspect of the environment;‘
and its potential stress 9ff60¢8h Since the autonomic nervous system

ey onﬁs to the total ccmplex environment the study of how a speclfic
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of thégsitb;tion énd fhe bénéﬁrrent anxiety. These limitations
point out the need for coittinued integration of various strous
measures: subjective report, psychological data, and psycho-
physiological data.

These problems also point out the potential danger of
assuming the existence of a generalized sbate called stress. It
should always be remembered that stress is a uypothetical construct

and may not necessarily be representstive of gomething that exista

in reality.. Rpsearchers must always be aware t.at partlceulsr situations
¢

and environmental factors may not produce the came effects ~cross nll

individuals or even consistently within an individual.

Voice analysis. One new index of stress that is in the do-

velopment state is the use of auditory frequoncy spectrum analye.ls
*or more simply, voilce analysis. The lpotential advantages of such a
technique would be tremendous given that it is usqally nenintrusive.
In the majority of situations where we might be cancernnq about
decroments in‘performance dqe to stress, somg voice communication
norstlly ocours. Therefore,‘it would not be necessary te¢ add anytuing
to the crew's tasks or worképace to perform voice analysis,
Presently the two most widely used detection devices have been
marketed by Dektor Countérintelligence and 'Security, Inc. aind by
Hagoth Corporation. Originally this equipn.nt was developed as an
aid to police and detective work, but has been extended to broader
ereas of stress research rore relevant to our current interests. For
exanmple, Oider and Jenny (141) analyzed Skylab astronaut veice
communications to determine situational strass.wﬁnlues from this

analyeis were correlated vith operational variables better lmown to

represent varying degrees of stress. While they did find sowme

Yo n R, LR E
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statietically significant reiationsbips, they concludcd that the
technigue is not yet valid enough to warrant use in missions in the
immediante future, Ruasian sclentists Siminov and Frolov (1:2) huve
performed gimilar tests with cosmonauts and report that sukstantial
further worlk is required.

vWhile the present volce analysis state of the art is gtill

T <. o e

relatively primitive, bthis may well prove to be cne of the rewasrding

- s L33

tecimiques in the years to come. It is certainly on emerp.ng ar-a
>
that desefvea further consideration ¢ SRS TR R

H

ad one tuont space
regeurehers should suppert,

Interactionsl Iroblems in the Study of Stress

S0 fur we have gener:lly addressed the ;rroblem of ctress snd its
effects upon performance by considering individual envircnmenbe.
fuctors in isolation. However, our greatest challcuge in monitcring,

- ‘.l . a {2
predicting, and ‘controlling the adverse performanice offects of

. (4 . . -
voriovus spaceflight factors is to do so in n conplex operationsl

setting in which combined emvironmental stressors may have ent »ely
different interactional efféots. Unfortunately, relatively few labora-
tor; studies bhave described the tolerance levels, phychopnysiological
effects, or performance alterations which result from seyuentinl or

'-simultaneous exposure to"two environmental stressors. Fewer yet have
tackied tne research problem of three or more overisrp;iay stressors,
However, from the work of Broadbent gnd Dean, McGlethlen and MNonroe
(143, 144, 145), one general point does seem clesr. Cne cennct

¥
Coaa

necessarily predict the effect of cowbined stressors by simply adding -
- .

‘s

thelr individual effects together. In addition to "additive" effects, .

- combined stressors may have synergistic effects in which the sum of tﬁ
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dividual facﬁoré‘alche. Such‘én effect has been reported by Megel,
Keating, and Stern (146) in their work on heat ond vibratien. Whea
heat was investigated alone, the physiologigal parameter of rectsl

temperature increased proportionally. Vibration of up to 15g when

studied alone tended to lower rectal tomperature. Hewever, when bheat
and vibration were combined, rectal tempercture rose in rroportion
to degfee Of VibFatlondl streds Beyond the levels rocorded for teot
or vibration elene or according to an additiv: mecdel. Ccmbiited stressors
may ALso have,antagonistia effects in which the offecte of individusl
factors may oppose éach other when combined to produce a total per-
formance doorement that is less then predicted fruw en sdd’'tlive

elfect model. For example Clarke, Taub, Scheror, and Temple (147)

found that +3.85 G, acceleration improves the visual perfirm nece
‘decrement associated with 11 Hz + G, vibraticn. Loss of slec, and

noise provides an additional example. Wilizinscn (A4€) found thnat

slee; loss glone or inere.sedvnoise icvel alene, L.th yroduced

lnrge wad rel%able increm&ntﬁ in performance errors, rhetn loss of

sleep wss cowbined with noise, the lnerease in tuce nercentage of
performance errors was smaller than with loss of sleep clone.

Tnese results highlight our need for better infurmut on regurding
the effects of combined énvironmental factors. Unfortunately, cur
current knowledge is greatly lacking. Continued research Lo this
crea could be useful in better predicting how spsceflight stressors
mey influence performance under operational conditions. .isv, w5 our
knowledze increases, it mp& be possibls to produce beneficial combi-
nations. If we are to betier simulatc and investigate the effects of
long-terr space travel on buman performance, at some point our elforts

will surely have to focus on how the tetal environment affects the

individual, The study of combined environmental factors and their
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internctions would cértainly put us a step closer to tiis o1 1.

Summary of Stress Research and Concepts

The previous sections have shifted us away from the gi;ov-oeh
of investigatin individual stimuli (i. e., environmentsl factars) -
response (i. &,, performance alteration) units to & model wrre
aypropriately illustrated as stimulus-stress-response. The assunption
is ma¥s tHat"thé use ahd atudy of "8tress" may add sormething & our
knowledge of how the environment (both externai ead interral to bt
“individunl) can influence porformance beyond 2 s_mple study of
stimulus-response uaits. Whether the use of this teru .ad its
asgsociated implicotions is always the best approach is sertoinly
a point of contention., While efforts to cpersticnally define and
meagure this concept have led to contradictery results, tiLe economy
in theoretical terms seews great enou s that lts continued usape
geerms likely. One point tc be discussed in the next scetion s clio

.

related to the differcnccs im models ond ap licitilons supqcested Uy

L&)
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stimulus-response theorivs and stimulus-stress-res .onse models
.

4

[y

Just mentioned., This is the'notion that stresc no o eacraeiized

plhienonenon should be amenable to generallzed trsining procedurc.s. In
otuer words, if a multitude of factors are knuwa to wroducs the state
of stress, then training procedures known to reduce stress due to one
type of factor may be useful in reducing others. Tihls i3 cortoinl, wan

intriguing possibility and one that deserves discussion.

B
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and 6ptimizing thélfrobability of sustained optimal performancc
lovels. The emphasis is on new research areass or novel approaclics to
the question,

General Versus Specific Training Technigues

The question of general versus specific stress effocts hos
tremendoug implicationg for astronsut training procedures. Recently
the relevant literature shows & trend away from the generality or
nonspecificity notion of stress portrsyed by Selys (12v, 136) &nd
¥Miller (1&9)'with major rdvances rude throuzb the reco.niilon of
the specificity of stress. Lazarus, Korchin, Zchafer (150, 151,

152, 153). This implies thot the most effective training procedures
moy we those that concentrats on specific environmentzi events and
'hcw to individually (and in combination) reduce their adverse sffects

upon performance, While more detailed discussion of selietioa aad

»
’

training procedures is svaillable in a separate cnapter, let us
& ) 1 1% P)

E
mention a few specific factors in this sectlca which more or “ess
dircctly relate to the mainfensnce of optimal performance Levels.

Yotivetion

Probably the single greatest variable in determining cerformonce
under & variety of conditions is motivation. There are cprarently
'lurge numbers of potential hazards to effective perform.nce in srpace
(space sickness, isolation and confinement, ncise, weightlessness, etc.)i
which crews to date have been able to tolerate and minimize larcely V
due tc their high motivation levels and desire to accomplish mission
goals. To extend this asset to more long~terin, perhaps mundane,
misgsions in space is truly a challenge., Assessing ways to enhance or
malntaln morale, dedlcatlan, and individual motivation for long perJoas

‘ may be one of our greatesb obstacles and certa1nly one of our greateab
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.

arctic;‘in Suﬁma§&ﬁ€;5\andiiﬁ sxporimental isolaticn prejeets we
know that subjecb‘oompatibility, gignificant and novel wurl’, abd
woll as inter- and intra-subject personality compononts are fntinetely
involved in this issue. While furtber discussion of this bople is8
reserved for other chiapters, suffice it to say thuat effective por-
formanice 1s often continpgent upon effective motivaticn, jarticularly
in uiFBumé%uSéoémﬁhbre‘a §dri@ty of envirvonmental factors timve the
potential for edversely affecting performanaee,

Mmm%g» , ‘

A8 u counterma&suro to various conditions which wey jevyardisze
sustained guality perfirmance, the usc of bypnesis is w0 cften
mentionod, but little ressarched phenomenon.

Iypnosis bas been inveshigated vithin the confines of stress

" research with often startling results. For exurrloe, orue (154) a.d
others have dewuonstrated evidence that hypnosis sun be efffcetivaly
used Lo climinats the nornal™bysiologicel chunges which necampany
the enticipation of dreaded, events. Througt: the sug-esticn thet 2
real ddnter is not one, that bhere is no threeat when thore Ls ono,
yon can change the response of tne systom oven w.on damace is in
Pact induced (155). While suech a tecimigue would ue. ¢ te be uged
Jjudicivusly, theve are c%rtainly osccasions in which reduced foor and
arousul might prove extremely valuuble to the complet on of « bask
during o erucial or overtly dangerous phase of the missiocn. iypaosis
could conceivable used to implant ideas for reducing fear aad anxieby
involving unknown situdtions or in directing attention to spacific
tansks to be performed undir stress. *

There is some empiriial evidence (156) to suggest th:t bypnosis

night also be valuable in training individuals to induce self- hypnoai'
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in an alert conditioh, This would have rather definite advantiges
over the use of drugs which may produce unwarranted physiologlienl
side effects or residual effects upon perfieiim: \Ce.

Iypnosis could potentially enbance astronaut training procedures
through the creation of "realism" in simulators. As Dorcas (156)
points out "subjects have been induced to perform asocial and
dangerghs 505;: ;;cﬂ as‘flgéigé tfei;’hand in a container of

.. supposedly poisonous reptiles or attacking their superior officer
who, they were told, was an enemy agent." If hypnosis can produce such
Yiilusions", it is not implausible that it could be used to persuade
subjects that mock-up simulators werc at least pertially real. This
could aid in the development of better performance ussessuent tech-
niques (ziven the greaster generalizabilibty to actual cperational
conditions) and to better selection of astronsut csndidataes (given
the ovprortunity 56 evaluste them under more "realistic" conditions).

Negubive Ton Concentrations

Kany claims have recenily been made that increasing concentrations
of negative.ions in air suppiies can increase alertness and therefore
overall jerformance. Likewise, it has been stuted that higher con-
centrutions of positive ions can reduce alertness and retsrd performance.
If and how this is accomp&ished is at preseﬁt unknown. while there
have been reports which demonstrate statistically superior rerformaice
during exposure to elevated negative ion concentrations, tiese resu.ts
seem suspect at best, given the rather unsophisticated nature of the ‘_ﬁsih
experiments and the lack of control over a multitude of confounding

o

extraneous variables (157). Likewlse, there are as many, if not more, .

negative results whidh add to the confliet. For exsmple Burron and

1ﬁggﬁewf(j581,ﬁestaﬁﬁﬁﬁpkheeﬁ~§ilots under varying ion concentratioc
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put found no significant effects when measures of brightnens

digerimination, reaction time, card sorting and muscular stendiness
as woll as physlolegical and biochemical indices werc used,

It .s not our intention tu support or deny any clnivs

-t

reogarding the effects of ion eoncentration, but wmorely to volnt ont
that this.is.an area where further resoarch is neoded. If in vt
suprrior effects can be produced using elevated nepative ion con-
centroti.ng such a finding could be of potenbinl velue to ospaee
Lrev cyeratorg perférming a varlety or re «titicus tague, YU seres
roasonasble to state that while this is a Liiouly eontroversinsl

topie, iv is an ares that ghould be further expliored to better clorify
1f verifiable benefits can be obtaianed and whetbor sueh coffecte
~have any potential relevancy to the requircments for sustuined

high quality performance during long-term spuce missici.

-
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