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Past expericncc in systems desi gn has demo n st rated t h at the use of
huma n f acto r s desi gn c r i t e r i a  can m a x i m i z e  operator/ system p erformance
and sa fety .  Yet t he re  has not been adequate communicat ion  among opera-
to r s , inves t i gato r s , and desi gn eng ineers . Poor func t iona l  i n t e r a c t i o n
betwee n man and machine has been the r e s u l t .  To min imize  th i s  problem
in our new hyperbaric research f a c i li t y ,  we conducted an in tens ive  human
factors  evaluat ion . Hyperbaric  eng ineer ing  des i gn s were ut i l ized to
construct  f u l l - s c a l e  mock-ups of cont ro l  pane ls .  The mock-ups were then
evaluated  using three c r i t e r ia :  ( 1) m i l i t a r y  human factors desi gn
speci ficat ions , (2) d iver  ra t ings  and anthropometr ic  measurements , and
(3) empirically derived measurements from time-motion-reaction studies .
The p re l iminary  evaluat ion indicated several proble m areas that  need to
be addressed: (1) f requent ly  used controls  and meters were of ten  placed
out of the operator ’s reach envelope; (2) some meters were positioned so
that  they preclude error-free interpretation of the information ; (3)
some control inst ruments  were incons is ten t l y- placed in re la t ion  to t he i r
associated visual displays ; (4) emergency - controls  were poorly posi t ioned
and designed , which may increase the possibility of inadvertent acti-
vation; (5) some control instruments located on the side of control
console were completely removed from the operator ’s field of view ; and
(6) other valve controls were spaced so closely that most experimental
subjects could not activate one valve without unintentionall y’ affecting
others .

KEY WORI)S

human factors engineering
hyperbaric control systems

opt imiza t ion  of control desi gn
safety
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BACKGROUND

Past experience with new construction of hyperbaric facilities and
diving systems has shown that in almos t every case , costly and time-
consuming retrofit activities were required to increase functional
performance. Much time and money mi ght have been saved if carefu l and
thorough preconstruct ion human engineering reviews had been attempted
before engineering drawings became “firm .” We believe that if preliminary
human factors analyses are adequately conducted , retrofit (along with
its associated high cost) can be reduced to a significant degree .

This report is the first of a series that will focus on Human
Factors Design Criteria and Systems Evaluation . It is hoped that the
information presented will be used to identify possible deficiencies in
future hyperbaric control systems , t-o---optimize future hyperbaric contro l-
Panel designs , and to guide the anticipated retrofit construction/
modification activities within the new hyperbaric research facility at
the Naval Medical Research Institute (NMRI) in Bethesda, Maryland. The
evaluation methods described are aimed at minimizing the cost of retrofit
construction , reducing the probab i lities for human error , and improving
human performance .

The information to be reported emanates from a preliminary evaluation
dealing with human factors design adequacy of hyperbaric control/displays
developed for the hyperbaric research facility. Although the control-
panel designs had been approved and fabrication was underway , a preliminary
review of the engineering diagrams for the control panel revealed that
the existing designs might contribute significantly to decrements in
overall system performance: a thorough human factors engineering analysis
appeared to be required. The scope of this report is limited to an
analysis of the instrumentation/man interface.

MATERIA LS AND METHODS

To condu9 tests , we constructed control pane l mock-ups to scale ,
us ing drawin gs supp lied by the des igner. Control-panel components
displayed on these drawings were fabricated from wood to the design
engineers ’ specifications .

‘l~he Human Factors Evaluation of the control panels addressed thefo l low ing areas :

1. Component accessibility
2. Control placement consistency
3. Control location
4. Control display adequacy
5. Emergency control design

1
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~~. Task-loading configuration
7. Optimal operator position
8. Control spacing
9. Control grouping

4 From the preliminary analysis it was apparent that many other systems
aspects would have to be evaluated , for examp le: visual coding, inform-
ation feedback , angle of view , scaling, illumination , dial markers ,
manning configuration , space limitations , and training . These and other
areas will be addressed as the contractor provides more detailed information
to include in our mock-ups. The results of such evaluations will be
reported after the data have been collected and analyzed .

Criterion Development

To provide the optimum vehicle for our preliminary evaluation , we
decided to use a three-pronged attack , the multi ple-criterion approach
(see Fig. 1). We believe that a multiple-criterion approach prov ides a
greater degree of criterion relevance , increases the reliability of our
appraisal and the generalizability of our findings .

First criterion. From personal interviews with U .S. Navy divers!
operators, we learned that design suggestions regarding hyperbaric
panels had not signif ican t ly influenced the initial design of these
d isplay s. To add this kind of information , and to provide both quantitative
and qualitative information regarding des ign adequacy from the diver/
opera tor ’s point of view , we developed check lists and Likert-type
rating scales (Sidowski, 1966, pp. 613-615).

Second criterion. Military specifications (MIL-STD-l472B , 1974),
al though very general , frequently are employed as a criterion for design
adequacy . We therefore used many of these specifications as evaluative
criteria. In addition , The Engineering Guide to Equipment Des ign (VanCott
and Kinkade , 1972) offers a wealth of information regarding empirically
derived recommendations and standards for human engineering evaluations.
Since we assumed that the desi gn engineers had incorpora ted these Military
Standards and Human Fac tors Design criteria into their equipment , we
were most interested in evaluating the hyperbaric control panel in terms
of how adequately these specifications were met .

Third criterion. Other Navy facilities operate hyperbaric equipment ,
yet of ten these systems diff er not only in hardware configuration but in
the operating environment and in the required operating manning levels.
Because of this variability, it was decided to conduct in-house studies
when human factors information was either too general or inapplicable.
It was intended that our studies would account for unique system-
specific characteristics and maintenance procedures that otherwise might
be overlooked in the overall evaluation.

2
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F i g u re  2 p rovides a grap h i c  i l l u s t r a t i o n of our r a t i o n a l e .  The
circle labeled “perfec t cri ter ion ” theoreticall y represents the ideal
criterion for evaluating overall system Performance. Because a single
perfe c t criterion is impossible to obtain , mul tiple working criteria , as
delineated above , J)rovidc a means to optimize criterion relevance. By
carefully choosing our criteria , we hoped to minimize criterion contamination .

RESU LTS A~ 1) REi COMME N DAT I ONS

Com ponent Contro l A c c e s s i b i l i t y

Based U~~Ofl empiricall y derived measurements and human factors
desi gn c r i te r i a , we rated the following components unsatisfactory from
the standpoint of accessibility’ .

Componen t Name Pane l Drawing

An n u n c i a t o r  test bu t ton  MRC OP 1 3007870
Ann unc ia tor acknowled ge bu tton MRC 9P 3007870
Elapse- time clock ~tRCC 3007872
Annunc ia tor tes t bu tt on MRCC 3007871
Ann unc ia tor acknowled ge bu tt on ~1RCC 300787 1

based on known diver anthropometrics (Beattv and Berghage , 1972),
we determined that only Navy divers  from the 85th throug h 99th percentile-
hei ght could reach these components without leaning against the console ,
standing on their toes , or m a k i n g  gross , uncoordina ted movemen ts from
the standing position. A sample of divers 3represen t ing the 5th throug h
35~ percen tile-hei gh ts of U .S. N a v y  divers ’ could reach these components
on ly  if they were able to stand on an object 3 to 5 inches above the
deck, It is recommended that these components be moved at least 6
inch es downward toward the lower console.

Fi gure s 3 and -1 presen t an i l l u s tra t ive repr esen tat ion of the
problem . The arrows are pointing to the five components listed above .

Direc t observation revealed that components located on the left
side of the local panel in Fi g. 5 were accessible onl y i f an opera tor/moni tor
w alked from the front of the console to the left side of the panel.
VIVhese componen ts , all rela ting to sanitary-tank contro l , are lis ted:
pressure indica tor , d i f f e r e n t ia l  pressure , isolat ion valve , pressure
button , vent , f l u s h , and drain.

When viewing the front of the same local panel (Fig. 5), these
componen ts cannot be seen. To manipula te the components , the opera tor
mus t physicall y move around to the side , l eaving the front of the local
pane l  unmoni tored .

~~~ UP: M o n i t o r i n g  cont rol console , oper i ng pane l
~ian— ra t ed  chamber  comp lc ’ .x

‘
~ Percentage is based UpOn laboratory stud y of samples t ha t are represen t at iv e
of Navy anthropometric distribution .
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F i g .  4.  Panel #3007870 was rated unsatisfactory in regard to the
s p e c i f i c a t ion of component a c c e s s i b i l i t y .  (The human operator is 5 ft
6 inches  t a l l . )
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F ig.  5. Local panel  # 3 00 7S7I  shows the  r e l a t i v e  p o s i t i o n  of t h e  sanitar y
drain controls. This side panel should he swu~1g toward t he  f ron t  so t h a t
all controls and indicators are in the monitor ’s line of sight.
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It is recommended that the components listed above be displayed on
the front of the panel. This could be accomp lished by swing ing the side
pane l out and around so that it faces the operator.

Control Placement Consistency

Based upon information obtained from known human factors desi gn
criteria (Human Factors for Designers of Naval Equipment , 1971) it was
believed that the physical placement of similar controls should he
consistent throughout the system so as to decrease operator search-time ,
errors, and confusion .

Figure 6 is an illustrative example of a violation of this standard .
Note that the display pane l of the control console on the left has two
pressure meter shut-off valves placed to the lower left of their respective
meters on this local panel (see arrows). The console on the right has a
pressure meter shut-off valve located to the lower right of its respective
meter (see vertical arrow).

Figure 7 is another example of this problem. The operator on the
left is pointing to the meter-shut off valve on one local pane l , while
the operator on the right is touching the same component on another
panel. Notice the reversed positioning of these controls (inconsistency).
It is believed that such an arrangement may lead to operator confusion .
Interviews with divers indicated that this situation is undesirable from
their point of view . Their unanimous opinion was that the shut-off

V valves should be consistently placed to the lower right or bottom center
of the associated pressure meters . It is therefore recommended that
the lower-right or lower-center area of an associated circular indicator
be consistently used as the location for meter shut-off controls throughout
the system . Another example of inconsistency in the placement of specific
controls can be found by contrasting the two control panels in Fig. 7.

Figure 8 shows two operators pointing out the position of the
oxygen manifold in relationshi p to the oxygen meter display’ . These
panels show that the oxygen manifold controls have been placed in different
locations. In a similar manner , the associated display meters (oxygen-
level controller) are also inconsistentl y placed relative to these two
control panels. The functional grouping of these instruments in a
logical association is not at all obvious . This will be discussed later.

Component Location V

From information obtained from experienced Navy divers and from the
literature dealing with component location (McCormick , 1975 ; Chapanis
and Lindenbaum , 1959; MIL-STD-1472A , 1970; Human Factors for Designers
of Naval Equipment, 1971 ,) it is clear that components are better located
at positions which are most easily observed with minimal operator movement .

9
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Fig. 6. Contro l panel #3007874 (left) has its contro l meter shut-off
valves inconsis tently placed in relation to contro l panel ~301Y’87l (ri ght).
No te arrows .
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Tests were conducted to learn whether the  hype rba r i c  ga s - s to r age
Panel (Fig. 9) could  meet t h i s  requl r cm ent and whether it would  a l l  ow
operators to locate information quick ly without excess bodily notion
(bending , turning, etc.). Figure 9 offers a photograp h i c  f ron t a l  view
of this panel. Note that the iodicator co lponents at the bottom of the
panel are 12 inches from the deck. The rt- -u lts of our t es t s  are inadequat e
at the I resent time , because we did not ha i ’~- i nfo rmat ion  needed to
construct the dial faces, numbers , and scales . ~e were , however , able
to determine that direct visual ac~cess to the information presented via
these components required operators either to back away from the panel
by at least 2 feet (assuming the operator is normally standing 12 inches
from the panel) or to bend over to a point where the v i e w i n g  ang le is
less than 125°.

It is suggested that these components be moved upward on the panel
by at least 21 inches to decrease the present viewing ang le and to
reduce the amount of operator movement required to examine these instru-
ments .

Another example of suboptimal positioning can be seen in Fig. 10.
The large, round , circular disk ~ rt front of the diver represents a
pressure/depth gauge meter. Th ~iver in the picture is sli ghtly over
5 feet 10 inches tall (65th percentile-hei ght , Beatty and Berghage ,
1972). As can be seen, the diver has good direct visual access to the
lower portions of the meter , howeve r, the greater part of the meter ,
representing mid-range depths , is clearly placed out of the optimal
visual angle. Virtually all of the experienced divers who were g iven
check lists ind icated tha t the meter should be p laced in a lower position
on the console. The seated diver , and those that fall below the 50th
percentile in height , would have an especially difficult time reading
this gauge.

Control Display- Relationships

Numerous human factors guidelines (McCormick , 1970, 1975; VanCott
and Ki nkade , 1972; MIL-STD-l472A, 1970) have stressed the importance of
creating a log ical connection between displays and their associated ~
controls. In our study of hyperbaric control systems , we tested divers
(n=4) to see if they could determine a clear functional relationshi p
between controls and their associated indicators without labels on the
controls and ind icators (see F ig. 11) .  The results confirmed our hy-
pothesis that the current configuration is lack ing in this regard ; all
divers tested were unable to identify the correct relationship.

An addi tional f ind ing indicated that the contro l sequence of the
sanitary draining components was inconsistent wi th defined procedural
operation. Since the procedures instituted during sanitary draining are
known to be extremely critical to the safety of the diver enclosed in the
pressurized chamber, it is recommended that a greater degree of sequential com-
patibility be incorporated into the panel design. Figure 11 displays the side of
the local panel tha t con tains the sani tary draining controls. Note the
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iiumbers located just below each contro l button . ‘l’he numbers represent
the sequence of control actions employed during a sanitary draining
procedure . rt would be far better for an operator to move through this

• sequence in a smooth left-to-ri ght direction . This could be
accomplished by p lac ing  the san i t a ry - t ank  vent close cont ro l  on the far
left , followed by the sanitary-tank drain close control , pressurizat ion
control , and so on , u n t i l  f i n a l l y  control #7 would placed on the far
r ight  of the panel , at the posit ion now labeled ~4.

The arrows in Fi g. 11 are pointing toward control lights and their
associated activation buttons . Notice that two of the li ghts are not
aligned with the appropriate activation button . These existing relationships
between control and display should be made more exp licit. It is further
recommended that controls associated with valve-closing procedures be
clearly distinguished from those controlling valve openings . The reasoning
for this recommendation is obvious when one considers the consequence of
inadvertently opening a low-pressure line when the sanitary tank is
under pressure .

Another example of poor control-display relationships is demonstrated
in Fig. 8. Wit hout t e l l i n g  di vers the names of b locked- in  controls  on
the panel mock-ups , we asked them to point out the display thdt they
felt to be most likely related to the oxygen manifold. In each instance
they picked the FES differential pressure indicator , which of course was
incorrect. This demonstration led us to conclude that the oxygen control
indicator was not placed properly in relationship to the oxygen man~ifo1dV controls. We recommend that this situation be changed . To increa~~ th~
perceived relationship between these instruments , we suggest that thwy
be moved physically closer together in a tight group bounded by strip-
li nes.

$ Emergency Control Design Adequacy

Figure 12 displays the fire-extinguish activation lanyard . The
fire-extinguishing system (FES) is activated by pulling this lanyard in
a downward motion after grasping the handle. The handle is free to
swing and is situated well within the working environment . It is thus
exposed to a higher probability of accidental activation because of the
swinging motion of the cord to which the handle is attached . It will be
important for us in the future to have knowledge of the force required
to activate this system in order to address this system more adequatel y.

It is suggested that the following changes be incorporated to
remedy these problems.

1. Place the FES ac t iva t ion  handle  f u r t h e r  up and away f rom the
working environment of the panel.

2. Substitute a fixed-handle , single-motion lever instead of the
lanyard so as to allow easy emergency operation and prevent accidental
ac t iva t ion .
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3 . Locate the  PbS a c t u a t i on arm at th e  f r o n t - t o p  of t h e b au d and V

clea r l y mark i t .

• We make these  recommendations because seven of the ei gh t divers
tes ted conside red the current  confi gurat ion u n d e s i r a b l e . burthermore ,
h uman fac tors  eng ineer ing  gu ide l ines  (Vanfott and Kinkade , J~)’2) stri’~ s
tha t  accide n t a l  a c t i v a t i o n  of emergency equipment  should  be reduced to
an absolu te minimum .

Task Lo adi n g

M i l i t a r y  s p e c i f i c a t i o n s  for  human e n g i n e e r i n g  des igns  s p e c i fy  t h a t
con sole  desi gns should a l loca te  a larger  port i on of the con t ro l  task to
the  operator ’ s ri ght hand . Fi gure 13 dis p lays  a con t ro l  pane l w i t h
three functional controls located to the ri ght of the midline mark on
the panel. To the left of midline are 11 functional controls , most of
which are power-related. ‘I’his configuration would onl y be acceptable i f
all or most of the contro l operators were left-handed.

Fi gures 14 and 15 show a s i m i l a r  s i t u a t i o n  where a l l  f i v e  f u n c t i o n a l
controls are situated to the left of the panel midline mark . These
panels present more of the work task to the left hand of a control-panel
operator. It is therefore recommended that controls he convenient to
the operator ’s right hand , which shares the larger portion of the control
task. Control placement should also be dictated by the priority of task
function , where high priority and f r e q u e n t l y  used components would be
located in the upper-right quadrant or the most easil y acces sible area
of a panel. Frequency-of-use studies will be conducted in the near
future and the results will be publishe d for use.

Control Spacing

The oxygen manifold is part of the oxygen make-up system. It
consists of one by-pass and two isolation valves; it is used to add
oxygen to the chamber in a predetermined concentration . This system
(Fig. 16) is manuall y operated and provides visual information to the
operator via the oxygen-level controller , which is a disp lay meter.
VI•hiS meter gives the operator time-delayed feedback as to the percentage
of oxygen in the hyperbar ic  chamber .

Six experienced Navy divers were asked to turn the valves of the
oxygen manifold and report on the ease or difficulty - of this operation
a~ it relates to the clearance of their fingers/knuckles. Fi gure 16

V rovides an illustration of t h i s  operation. Five of these six diver
subjects reported that the spacing between these valves (1) retarded
their efforts , ( 2 )  caused unwanted contact with one or more ot her valves ,
and (3) required that they orient their wrist/arm in an unnatura l posit ion .
In addition , two of these six divers (5 feet 6 inches and 5 feet 7
i nches  in  hei gh t )  reported tha t  the oxygen m a n i f o l d  was p laced too hi gh
on t h e  panel  r e l a t i v e  to i t s  assoc ia ted  i m p o r t a n c e .  A l t h o u g h t h e s e
repor t s  were subjec t ive , vir tually all of these six divers were observed
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to come in physical contact with valves they did not plan to operate
while they were attempting to move any given component on the oxygen
manifold. This observation would appear to validate a portion of the
diver reports.

It should also be pointed out tha t  the corresponding r e l a t i onsh ip
be tw een t he oxyg en manifold and the oxygen-level controller meter (bottom
arrow on Fig. 16) is not optimized. A further discussion of this is
found under the section of this paper labeled “Control-Display Relationships .”

Functional Grou ping

Chap anis and L ind enba um ( 1959 , pp. 1-7) have amply demonstrated
that for optimal use, displays and controls should be arranged in log ical
patterns that have high control-function correspondence. Other sources
(Human Fac tors for Designers of Nav al Equipment, 1971) also recommend that
control-related subsystems wi’fl~ similar functions should be grouped
within the same general area on a control panel. For examp le , the
environmental subsystems related to temperature control , humidity, and
blower speed should be bounded as illustrated in Fi g. 17. The three
components which make up the environmental subsystem are grouped together
and each component is further isolated by a boundary line , which visually
separa t es it from other components. This configuration will minimize an
operator ’a visual searching , reduce the amount of physical motion required
for operation , and enhance the speed of operator response with (theoretically)
less chance for err or .

In compar ison , however , Fig. 18 indicates three similar components
of the MRCC panel , which are labeled A , B, and C. Component A is the
humidity control/indicator; B is the temperature control/indicator , and
C is the blower fan/speed control/indicator for the atmospheric-
conditioning system (ACS).

Al though these components form part of the internal weather system
of the hyperb aric chamber , they are physicall y separated by over 2 feet .
Components A and B give the appearance of being part of the BIB pressure
and mixed-gas indicators (to the left of the arrows labeled B and A),
but their function is totally unrelated. This situation is unsatisfactory
for the reasons given above .

While other examples of this condition can be shown , it is not the
intent of this prel iminary report to provide an exhaustive sample , but
to indicate the existence of problems in this area so that future planning
will be aided.

Operator Position

Saturation dives are usually of long duration with watchstanders on
duty at least 4 hours at a t ime. Therefore , it is important that the>’ be
provided with console seats to minimize leg fatigue. Fi gure 19 shows one
seating conf igur ation , which falls within acceptable limits of Military
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Fig. 17. An example of optimal control-function grouping, which assists
an operator in locating information quickly without con fusion .
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Fig. 18. MRCC panel #337870: The components of the environmental contro l
system labeled A , B , and C are displayed . Note that they are not grouped
together , but are separated by 23 inches. In addition , controls A and B appear
to comprise part of the BIB gas meter controls.
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S p e c i f i ca t  ions (Ml L— S’l L’ P— 1-1721 , 1970 1 , and which was acceptable to Navy
d i v e r s  in the 5th throug h 05th percent i ic—he i ght (Bea tty and Berghage
10 7 2 ) .  When t h i s  s e a t i n g  a r r a n g e m e n t  was used as a criterion model , none
of t h e  e x i s t i n g  c o n t r o l  pan e l  m o c k — u p s  under  e v a l u a t i o n  was s a t i s f a c t o ry .
For examp le , i t  say  emp i r i c a l  ly  de t e rmined  t h a t  the  75th  p ercent  i le N a v y
d i v e r  had access to less  t han  an average of 64~ of t he  c o n t r o l s  from a
seated p o s i t i o n  when Re fe rence A ( see  Fi g .  13) was ex tended  to a f u l l  22
inches . Even ~V hi en t he  m o c k - u p s  were  examined  w i t h  t he  d i v e r  in a s t a n d i n g
p o s i t i o n , the > - were poor ly  i n s t r u m e n t e d  from the standpoint of accessibility.

Tabl e 1 d i s p l a y s  t he  pe rcen t age  of c o n t r o l s  reached by both s t a n d i n g
and seated con t ro l opera tors . N o te  that the range of accessibility from
t he  s t a n d i n g  p o s i t i o n  was 70~ to  8U~~. The seated operator  has much more
d i f f i c u l t y :  t he  p e r c e n t a g e  range averaged from 46~ to 74 % for  t h e  5 th ,
2 5 th , 50th , 7 5th , and 05th  p e r c e n t i l e - h e i g ht  ope ra to r s . Fi gure  20 shows
a seated d i v e r  at one con t ro l p a n e l ,  lie i s  r ep r e s e n t a t i ve  of t he  65th
p e r c e n t i l e  N avy d i v e r  i n  he i gh t .  When a sked  to  reach for each cont ro l
w i t h o u t  s t r e t c h i n g ,  on ly  50~ of the  con t ro ls  were in h i s  reach or in a
good f i e ld  of v i e w . E v e n  when t he  seat was raised from 18 inches
to 20 i nches (see Fi g. 2 1) and the d ive r was asked to s t r e t ch  h i s  reach
as fa r  as poss ib le , 6 control functions scm-c still out of his reach.

It is suggested that the contro l panels  be modi f ied  to accommoda te
the sea ted opera tor . As a minimum requiremen t , the con t rols  should be
repo si t ioned so tha t Navy div er s in the 25 th to 75 th percen tile-hei ght
range have unobstructed access to at least 80°o of all control functions
from the  seated position . One solution would be to mount controls on a
horti:ontal wrap-around console. In this manner the access area of the
panel contro l surface would be increased by a grea ter fac tor compared to
pr esent  desi gns (see Fi g. 2 2 ) .

Ano ther problem stems from the conf i guration of the present contro l
consoles , which do not accomodate the legs of the seated operator. (The
seated operator is unable to get close to the instruments because there
is no place for his legs/knees to fit into or under the console desk
top.) A more accommodating desi gn would allow the operator room for his
legs to fit under the table top , as disp layed in Fi g. 13.

Di sCU ss  ION

This brief descri ption of our p r e l i m i n a r y  human f ac to rs en g i n eeri n g
ev a l u a t i o n  should make i t  obvious  tha t  the current  contro l desi gn s do
not conform to basic human factors desi gn criteria , which in turn s ill
place an unnecessary burden on the opera tor . ‘Ihis Situat ion can be
reve r sed i f  proper sys tems p l a n n i n g  is comp le ted  before  f i n a l  r e t r o f i t
desi gn dec i s ions  are made.

In general , there are five major areas to consider before any
equ ipment  i s  co n s t r u c t e d : ( 1 )  the users ’ p r e ferences , t h e i r  a n t h r o pom et i c
r equi  remc ’nts , and the  i r ‘P ast learning experiences , parti cularly formal
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TABLE 1

Percentage of controls reached by seated or standing operators
using control panels 113007870, 1 300787l , and p3007872

Percentile Panel 11 Panel 11 Pane l 4 Mean
Height 3007870 3007871 3007872 X

n=S0 n=32 n=35

Standing Position

5 .54 .81 .71 .58

2 5 .60 .81 .71 .70

50 .64 .81 .80 .75

75 .88 .93 .80 .87

95 .88 
- 
.93 .94 .91

MEAN .70 .85 .79

Seated Position

5 .44 .68 .42 .51

25 .44 .68 .51 .54

50 .50 .78 .60 .62

75 .50 .78 .65 .64

95 .54 .81 .71 .68

MEAN .48 .74 .57

* 
n= number of components in each panel
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t r a i n i n g ; (2) the mission for which the sv stenm was desi gned ; (3) t i l e
c m i v  i r onmen t  in which both  the  man and equi pment must  effect ive 1> operate
(-I ) t he  types  of t a sks  the  equi pment  s i l l  require f rom the opera to r ;  (5)
th e f requency w i t h  w h i c h  the  tasks are performed and thei r order of
priorit y . Finally, examine the interactive effect of these variables
(operator , task , environment , equipment , mission ) and determine the
desi gns that maximi:e parameters most critical to mission success.

If attention is not focused on these issues , it is likely that the
cont ro l  sys tem will offer less than i t s in t ended e f f i c i e n c y  and pu rpos e.
Tha t purpose is to provide  smooth , r e l i a b l e , and sa fe  opera t ion  of the
equipment  and to insure  the  success  of the missi on . V I V h C c o n t r o l  pane l
on the le f t  of F i g .  23 is one of many a l t e r n a t e  des i gns t h a t  are c u r r e n t l y
be ing  compared w i t h  the  c o n t r a c t o r - s u pp l i e d  pane l  desi gn ( r i ght  s ide of
Fi g. 2 3 ) .  N o t i c e  the deg ree of body and hand movement  re qui red  of the
seated ope rator on the ri g ht for  a c t i v a t i o n  of the oxygen m a n i f o l d .  The
operator on the l e f t , however , has no d i f f i c u l t y  i n r each i n g 96 °c of the
manual controls on his panel. Comparisons such as these will lead
eventually to increased efficiency in opela tion and to over-all safety.
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