i fagaaris
| h}ch()l()g)
and the Instrument Panel

Designing indicators, switches and other

controls

to fit the abilities of the men who will use them

is a joint problem for psychologists and engineers

UR MACHINES have become so
O u:-:np-lir.ti:-d that we have been
forced in recent years to start a

new branch of tu.]mnlnu namely,
tailoring the machines to the -]:ﬂll'rln
and limitations of human bei ings. This
activity, called human engineering, is a
nesw :'cpu‘lun in the application ui' pPsy-
r_huh:“lc il ]:lrmuplu to industry. U p o
MW l]u main I:rl'l["-h 1sis has been on se-
lecting and training the best man for the

by Alphonse Chapanis

juh. Human engincering tries to fit the
job to the m: I—anY M,

It received its hl“ |r||E'ltiu'~ 1.!u1'|:i||?.,h
World War 11
the instrument panel of a milit: ary plane
will instantly know why. The maze of
dials, indicators, switches and controls
in a modern aireraft eloquently explains
why human error is the '|n't':-t single
cause of accidents. Air Force psycholo-
'hl'-. have '1-".'1[1 matic -_I.”_'I. intervie '-.\gr.]

and ANy One who looks at

many experie smiced pilots to |rm'||-1 the
SpPec ific sources of errors. In one htl.:-:|1.
they asked each man if he h u' EViET
rn;u-!:' or seen anvone else make an “error
in reading or iufu-rpn-tinu, an aircratt -
strument, detecting a signal or under-
standing instructions.” Here are two
r:.'}:-u-:ll ANSWErs:

It was an {'.‘.'Il'lll-l.‘t_‘.' dark r1i;{||t. My
copilot was at the controls. I gave him
instructions to take the ship, a B-25, into

INSTRUMENT PANEL of a four-engine transport re-
flects the enormous amount of information that a pilot
must have to fly today’s airplanes. To get the informa-
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tion quickly and accurately he needs the most readable
dials; to act quickly and correctly he requires controls
that are designed to fit the natural motions of his hody.



the traflic pattern and land. He began
letting down from an altitude of 4,000
feet. At 1,000 feet above the ground, I
expected him to level off. Instead, he
kept right on letting down until 1 finally
had to take over. His trouble was that he
had misread the altimeter by 1,000 feet.
This  incident may seem € "..1.IL[i'IL"E".
stupid, but it was not the first time that 1
have seen it i]-.ll':l]‘.ll.'ll Pilots are pushing
up ]‘:]l.nh of daisies tod: 1y because the v
read their altimeter w m:u“ while le 1.t|:1'r
dovwn on dark nights.”

“We had an ;t]l']’t ome morning about
11 o'clock. About 35 Japanese planes
had been picked up on the radar sereen,
In the mad seramble for I'II'.I.]LI."H, the one
| ]l.LpIH'm-:] to pick out was a brand new
ship which I:uuil arrived about two days
]Jn'\'inn.lch', I climbed in, and it seemed
the whole vm-l‘.pit Wi n-m'r.|1|!_l_1-ql. e |
took a look at that instrument panel and
viewed the gauges around me, sweat
falling off my brow. Just then Ihl first
]-LEHII! s¢ homb leppul I figured then
and there I wasn't going to get my plane
up, but | could run it on the ground.
That's l"'-:,t{'ll_t what 1 did—ran it all
around the field, up and down the run-
Wiy, nlunn-r the attack.”

The 624 pilots questioned in the -'ll.tr
Foree surve Vv recounte «l 270 * E]-llﬂ-t CTTOF
experiences like these; there were un-
doubte dh mMany more thev had for Fof-
ten, "m:m errors are not Lt:npr:-:rl! ant
enough to be noticed; others are never
reported because the ]:n'iu’r:: do not live to
tell of them, Of the remembered errors
the most common were mi.t‘.r:*:u]in!_-_ the
pointers, revers: s in inte rpretation of
the readings, inability to see the instru-
ment properly (because of dirt, oo
position, poor lighting, ete.) and mistak-
ing one instrument for another.

NSTRUMENT dials are not the 1.|n|:f!:.J
objects in an airplane that cause
“human element” accidents. Many pilot
errors stem from the design and position
of controls. A recent study by Wright
Field psvchologists showed that by far
the ].lrg-. st source of 111|::lt CTrOT Was in
the confusion of controls. The [ulnt
would pull the throttle when he in-
tended to pull the propeller control, or
change the gasoline mixture when he
meant to pu!'[ the throttle. The reason is
that the military planes of the late war
were fiendishly inconsistent in the place-
ment of controls. The throttle was on the
left in the B-25, in the center on the C-47
and C-82, The propeller control was in
the center on the B-25, on the left in the
C-47, on the right in the C-82. The gas-
mixture control was on the right in the
B-25 and C-47, on the left in the C-82,
Sometimes controls varied among models
of the same .'lir]‘J].'lrlr,

Another major source of trouble was
that controls for {:uppmilr purposes were
placed too close together. On m: imny
planes the controls for the wing flap and
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TIME FOR ALIGNMENT (SECONDS)

—

0.1 0.2 0.5 1.0 2.0 3.0 100 200
INCHES OF POINTER MOVEMENT PER REVOLUTION OF KNOB

50.0

— — REACTION TIME
—— PRIMARY MOVEMENT TIME
o= o SECONDARY MOVEMENT TIME

TUNING KNOB STUDY determines best gear ratio for fastest operation.
Curves showing times for approximate setting and for fine adjustment indi-
cate that the pointer should move about 1.5 inches per revolution of knob.

5 10 15 20 25 30 35 40
PERCENTAGE OF ERROR

ERRORS IN READING different tvpes of dials are plotted opposite dia-
asrams of the dial faces. The most un-lh read type iz the open-window dial
[I:rm'mm I, where -nnh a small part of an entire horizontal scale is visihle.
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B OFF

up

NATURAL DIRECTIONS in which
controls should move are shown for
levers, toggle switches and cranks,

the landing gear were side by side. To
land a plane, you must put one up and
the other down; to take off, vou do just
the opposite. Serious accidents could be
traced to confusing these two controls,
Sometimes pilots moved controls in the
wrong direction. This was not entirely
the pﬁut'& fault: he was required to move
a control in an “unnatural” direction—to
H{p a lever to the richt when he wanted
to go left, to push one control in while
he was pulling another eontrol out.
Certain directions of movement are
pS}i'}lu]uﬂi{':l]lv natural, At least l;]'u:}-' go
along with other things we are doing.
For instance, toggle switches should
move up for on, go or increase, and down
for off, stop or decrease. Above all, the
motions of related controls should be
consistent. If a man must HiP one switch
up to turn st:ml:lhl'ng on and another
down to turn something else on, he is
apt to make mistakes. The point seems
obvious, but it is frequently disregarded.
That is one kind of problem in control
design. There are others that have no
logic but must be solved by experiment.
For example, what is the best gear ratio
for 2 control knob and indicator, such as
is used in radio 1:L:|r|:'L|:|g'|'.'jI We have two
factors in opposition here: a fast-moving
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TRAFFIC ARROWS of unusual de-
gsign (fower two) can be recognized
farther off than ordinary markers.

needle gets us to the neighborhood of
the station quickly but makes precise
tuning difficult, while a slow-moving
needle is good for fine tuning but time-
wasting for changing stations. By experi-
ment we have found that the best com-
promise is reached when the pointer
moves 1.5 inches for every revolution of

the knob.

HE COMBAT information center

(CIC) of modern warships has been
extensively studied from the human
engineering point of view. Into such a
station pours information from various
mllrc‘l.".'i-"iﬂllﬂhllﬂ}', SO, t'l.‘.l{.’phﬂ]'lt".
television, wireless telegraphy, radar,
voice radio, teletype, ir:%rarur]' viewing
devices and human observers. The sys-
tem taxes the capabilities of the human
beings working in it. In battle the gun-
nery officer must deal rapidly with a be-
wildering variety of inarmutiun about
targets. The air combat officer similarly
has a host of thingﬁ to think about—the
number of combat |'::,1tn‘h|:-: he has in the
air, their reserves of fuel and ammuni-
tion, and so on. And decisions must be
taken with somewhat less deliberation
than was allowed to the captain of an
15th-century frigate. An ui'E::c:r in the

20
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SCALE GRADUATIONS influence
reading errors. Here, each scale is
more readable than the one below it.

CIC may consider himself lucky if he is
given half a minute to make up ﬁl‘.ﬁ mind.

Let us say it takes 18 seconds from
the moment a target is detected to com-
municate and evaluate the information
and start ﬁriug. In that time a target
traveling at 20 knots, which used to be
considered fast, will have moved 200
yards. Today a gunnery officer must deal
with speeds of a different order of mag-
nitude. In 18 seconds a target traveling
at 200 knots, which is slow as aircraft go,
will have moved one nauntical mile, and a
target at 1,000 knots will have traveled
five nautical miles!

To display the CIC information so
that it can be grasped and acted upon
quickly enough is a formidable problem
in instrument design. The dials and in-
dicators on the instruments must be
analyzed in terms of psychological func-
tion, Engincering psw.'rwlugixl:s ask: Do
these instruments tell the srator what
he needs to know—and neither more nor
less than he needs to know? Too much
data can be as bad as too little: it slows
communication and CNCOUrages crrors.

Instruments provide three kinds of in-
formation. The simplest tvpe merely in-
dicates that mm{rth{ug is or is not work-
ing. The turmn-signaling lights on your



car are wired to a small blinking light
on the instrument E:"IrH'l in front of vou,
to tell Yo that the -|"'|H.|- are working,
Instruments of this l'-p-t have merely a
yes-or-no function and rare |1. necd a dial.
The next stage of con ||rh xity is an in
strument that Fives a -llullt.dm readl
ing: it tells yvou whether conditions are
:\.I.Ei‘\.!.l.l!"l'll"'.'.-:ll'lii if ot §now hyat i]ir!'('t'..llll,
r|:|:':-. are |.|i|_ An 1"-..|.'.||.|il]1' 15 |:5||' 1|"||E‘:-|, TEk-
ture Faugfe on your automobile, All Vil
need to know is whether the engine is
too hot or too cold; if the radiator springs
a leak, VIOUL fre Wi arned of it by the tem
pe rature needle going up. As ]“II" as the
temperature is within the allowable
limits, you are not really interested in
whether it is 130, 140 or 150 degrees,
Most cars nowadays CATTY le'||5|n rature
Fauges w ithout number 5, and drivers do
not miss them, Many instruments are es
sentially of this type, and engineers are
"\.II.1l'I‘I"I"\.I! ool i [mrl how often the fanc '. in-
dicators and re .]-:]IIHL’I:- 1|.l::'. pur O IHil=
chines turn out on analvsis to be un-
e essry ;
- 2 } . The third tvpe of mstrument re -.|||1|| 3
6 q“ '9 - ! . |_'|I|.I:I'11 r:||||.II|1I|:.||::|‘.1 I|:.||:|l1l'f'-. 'l|_q|||||]:||-.-..
8-’ . 1 must te ” direction exac ti:'. if the navigra-
tor is to bring his .'-.]|Ei|:l by l'l-lJI:|. The altim-

| 4

3 ? eter on an aircralt is both a 'I_1l-.l.|itilti.‘-l'

5 (l iﬁ- 5 -'1-_ _:I and a quantitative instrument. Most of
— the time the pilot needs to know his alti-
KILOWATT HOUR tude only in a general way. But when he

comes in for a landing he must know just

how far from the ground he is.

ELECTRIC METER seems designed to confuse. The reader is invited to AVING DECIDED on what infor-

b ke . T 1 ' i g ‘-.1"" I--I, . TIJ.E. .
i I"l!l I\. [Ill' melers 1n lh' iill“[“:‘.’.r lllh -|.|]||:| K I"]J Fihe 2 i1 Il‘"'l.l“l!l.- e ] mation is ||.|.'|.'|.|I'4:!, I|J|.' I'Il'III'I-\.LII. enei-

neer next turns his attention to the prob
lem of conveving it most eftectively, In
1]||' |'|,n1_ i]iilEh |‘|.|'-.|' |:u;-|_-|:| 1]1':-5'_1“1'!..1 for
CONYENIence o appearance, nit neces-
sarily for readability. The round dial is
convenient because, as one engineer
puts it, “vou can wrap 10 inches of scale
around a three-inch dial.,” Automobile
speedometers are designed primarily to
look nice. Some time ago the psycholo-
gist Robert Sleight, then at Purdue Uni-
versity, tested for readability the five
clials ::-.|!||:-'-.'. n on page Ta. Motiee that the
L I r|| ||||:||E:-|'|.h :|I:|1] |1I:II!II|:I.'I':- .|I|-l£ ||-_|_- l.||:~
t.|[||,ﬂ ]:Il.':'\.'-'!":'ll 1||||3||'|1'|.:"\: 15 I.I‘IE' Sl ETLEE ORI
all the digls. Observers were fiven only
12 second |'|.|\I_ .l'”".:—'\. enough for a -:.=I|:|i:':|-..
glance—to read a dial. The pointer was
g 1'it]|l'|' {1 El ||.'||r||E|‘|'| Or On o "hl.'I:II.]
mark between bwo numbers. and the
\||,'!;.j|;-|,-|; Vs |'1'-|||.'i|| d Lo read the dial to
lhe' mearest :‘.Iull! umit, I'::||'II dial WS H'.Hl
a total of 1.020 times in Sleight’s tests.
He Ffoumnd n;l.a_l|'-.l,'.|;';|'?|:. x:'_urni:'i:-.mt differ
enees in their |'|.‘.|I.|:||Ji'ii[:-._ The open
window dial was the best: in 1,020 trials
the -“’“hi' cts made only five errors in
reading it. The round dial was next best
{ 112 errors) : the horizontal and vertical
dials were poorest.

The way in which the scale is j_'J'.ll!l
CONFUSING VARIETY of scales is shown above. One division represents uated is even more important than the
1 (upper left), 10 (upper right), 5 (bottom left) and 3 (Dbottom right). shape of the dial. I have studied this
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Learn how Koppers
controls polystyrene’s
fourth dimension

Cﬂ[.ﬂlt is polystyrene’s fourth dimension
. . . with Koppers polystyrene you can
specify the color of your plastic product
with the same exactness with which you
determine its length, width and thickness.

To help you take full advantage of the
most salable feature of polystyrene, Kop-
pers has published a full-color book en-
titled "Color in Plastics.” This unique
book explains why Koppers polystyrene
is visually identical in color from one lot
to another over any pericd of time. This
means you are assured of uniform colors
in each similar product from first wo lasg
and in products which are molded in two
or more parts and then assembled into com-
plete units, you can expect a uniform color
match in the several sections.

Most important of all, it means that
Koppers can match perfectly any shade or
tone of color you have been using. If you
can see it, we can march it!

For more details about Koppers unigue
system of color matching, and an authori-
tative discussion of the Science of Color,
write today for your free copy of “"Color
in Plastics.”

Keppars Plostics Maks Mosy Produch Batter
and Mamy Better Products Pouible

A Koppers
Plastics

L - %

KOPPERS COMPANY, INC.

Chemical Div,, Dept. SAP-43, Pitisburgh 19, Pa.
Sales Ofices: Mew York - Boaten - Philadelphia
Chicage * Datreit * Los Angeles
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10,000 15,000 20,000

RANGE CIRCLES on radar scope make for hetter distance estimates when
marked in units of 5,000 yards, as at right. than when in units of 2.5 miles.

LESS COUNTING is required when range circles are ﬂ:[:nmtml by different
markings into groups of four, as with solid and dotted circles shown above.



Factor by testing different seales on radar
SCOPES, In one such test 1 ﬁrmp:m*:'[ 2.5
miles with 5,000 vards as the unit of dis-
tance marked on the sCOpe { the two dis-
MINGes are ]Jr:u'h'v.ﬂll!.' the same). The
average error in estimating ranges was
only about half as great with the 5,000-
yard marking as with the 2.5-mile. We
can read 10s, 1005 and 1,000 much
more rapidly and accurately than other
units. In my radar-scope tests the four
best seales were 1000, 10,000, 2 (00
and 3,000 }';n’t]&i. in that order.

From many studies of scales, engineer-
ing psychologists have formulated some
general principles about good and bad
number systems. They have found that
the scale of 10. subdivided into units of
one, is the best of all, That scale-num-
bering is not a theoretical problem was
impressed on me when 1 took a look
around my own laboratory. There I
found dials 'l.'.Lr[l.:u:ﬂ?.' sealed with 1, 3, 5,
10 and 30 as the unit. The gas and elec-
tric meters in your own cellar are par-
ticularly frustrating examples of illegi-
bility [see photograph at the top of page
78]. Part of the reading is indicated by
pointers that tarm clockwise, part h_'t‘
pointers that go counterclockwise. The
meters violate two principles of efficient
dial design: namely, that pointers should
move clockwise to show increases, and
that all in a g M should go in the same
direction. During the war, when there
was a shortage of meter-readers, some
utilities companies asked the public to
read its own meters, The results were so
chaotic that the companies quickly com-
promised by supplying cards on which
the dials were ]Jriltlm] and on which the
householder was asked to draw the posi-
tions of the pointers. One wonders why
the public should not be provided with
meter dials it can understand,

VOMETIMES a dial is not as good as
v} another kind of indicator. A case in
point is the reading of the position of a
target on a radar screen. To locate the
direction of the target the operator ro-
tates a-cursor line until it falls on the
bright spot made by the target. L'.'&llﬁl]}'
he reads the bearing from a scale around
the edge of the screen [see drawing on
nect page]. But a counter of the window
tvpe, which gives the degrees directly in
numbers so that the operator need not
read the scale, is more efficient. In a
series of tests I found that the substitu-
tion of a direct-reading counter for the
circular scale reduced reading errors
from 10 per cent to 2 per cent and the
time required for the reading from 3.3
secontds to 1.7 seconds,

The scope at the bottom of the op-
posite page illustrates another simple im-
provement in design. The concentric
circles on a radar scope indicate dis-
tances [rom the abserver, f]s*nrr:al]:.' he
has to count the cireles to the target pip
to find its distance. But if, as in the
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hu-mec tant

A substance having atfinity for
water, with stabilizing action on

the water content of an article.

Example: GLYCERINE!

When product moisture content
must be kept constant in spite of
fluctuations in |1|:||:|1if|it}'- |1=E{|i|:|g
manufacturers of food, drugs and
cosmetics rely on US.E. Glycerine.
For many years Glycerine has
been the humectant in such fa-
mous products as Mennen Lather
Shave . . . Chase “Pep-R-Mints"
. .. Listerine Toothpaste . . . Pine
Brothers Cough Drops.

If you're developing a new prod-
uct that will contain a humectant,
be sure to check Glyeerine.

New Eye Lotion Base

For example. a pharmaeeutical re-
searcher has developed several new
ointment and lotion bases for
treating eves. The improved bases
contain combinations of Glycerine
and sodium carboxymethyl cellu-
lose. Glycerine prevents rapid dry-
ing and film formation, making it
easy to incorporate medicinal
agents into the base, and prevent-
ing the sealing of a treated eye
that is kept closed too long.

Balance of Properties

But Glycerine's humectant action
is only a small part of the story.
You can count on versafile Glyce-
rine Lo serve as—

ermallient lubricant

selvent demulcent

plasticizer suipanding agenl
sweetener chemical intermediate

Booklets on the application of Glyce-
rirmr in the drog and cosmetic, food,

profeciive coatings, and textile fields
are availalble, For your copy, wrile
(G lveerine Producers Adssociation, 295
Madison Avenue, New York 17, N. ¥

TARGET DIRECTION is read more quickly and accurately from window
counter giving the bearing in numbers than from seale around edge of sereen.

sereen illustrated, the circles are drawn
differently, the first four with solid lines
and the next four with dotted lines, he
can read the distance much more guick-
lv. Most of us can grasp four or five
ull ntical u-l:l]u.'lr. ak o gl..mﬁ.. hi'}urld
that number we must count.

Human engineering has also done a
g::ml deal of work in n-tll.'xign[ng sym-
bols, such as are used, for example, on
rovel ﬁi!_.nﬂ. IFor rvull_lith_i with maximum
:».pﬁ-d and accuracy the symbols should
sugrest the :111]-.':.1'-. they stand for and be
clearly distinguishable from one an-
other. C oding systems based on shape,
color, size and brightness have been de-
R l*’l““(] but we are not vet coerfain
which tyvpe w rll I'II'I'H.IIIL"L‘ the best results,
One e tical outcome of this research
was Sleight’s design of trafhc arrows
which, size for size, can be I"l‘l"rhgl__lli'-'.l'tl
twice as far away as the ones now com-
monly seen [sre drawings in center of
page T6].

UMAN engineering has already
reached a breadth of investigation

that can only be suggested here. It cov-
ers auditory ‘studies for the improvement
ol voice l:'."l::II!'I.I:I'tl.lI:II.t'JtI:IL!II'l l“-'plnr wtions of

conditions in the working environment,
investigations of the design and size of
machines. An operator must be able not
only to see the dials and reach the con-
trols but to find space for his knees and
toses!

Engineering p-x:.rlml-::gi:-.'lﬁ are also at-
I:-.*mptlul_'; to answer some broader fLes-
tions, Most of the cases discussed in this
article apply to scparate components in
man-machine systems, but engineering
i'IH\-"'L']H:J]l.I"!'..\ has much to contribute lt:l
the over-all design of these systems. The
automatic machines of w |1l'= h we have
heard so much lately open up a new host
of man-machine ]:l:rnhl[ ms. In what
SENSe 15 man ml]:l:'r'mr 1o mmpm:inp. TR
chines: what sense inferior? What
should man’s role be in complex man-
machine svstems? Should he be :-:i|1'||]-|:'.'
a monitor? Should he be used as an in-
tegrator of sensing mechanisms? Should
he be in a position to exercise executive
decisions? These and many similar ues-
tions must be answered before we can
rh’-h‘i;;n the most efficient man-machine
combinations. The human engineer al-
ready has a great deal of information to
work with, for psvchologists have been
studving capacities for over 70 years.



	xlg_panel_psyc_0
	xlg_panel_psyc_1
	xlg_panel_psyc_2
	xlg_panel_psyc_3
	xlg_panel_psyc_4
	xlg_panel_psyc_5
	xlg_panel_psyc_6

