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Tor meters are presented subsequently to the subjects Doting this time, the
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indicated weluewos changing with constont rate and stetisticslly ohernating

direorion AN the wnd od e srenentarinn Tateual an aceptic signal s

3) A mixture cof the o systemsmentiored before represents o third passibilitg, A

section of tha total range ist indicated by on onolog scole ond o digitel dig=

play indicotes the range of the sctual value. The meawred vorioble is shown

by the pointer un the scale ond by the cigital indication. In the following

this disploy is called "hybrid s‘.fispfﬂz’“ {see figure 1, display No. 2-5),

In the present research various display systems had to be compared os to their

readobiiity. For that purpose, the rote of change of the displayed volue is

volied over o large ronge, in order 1o obtain quantitetive doto in the fromition

range between stotic aad dynamic use.
The reading-erior is selected a5 o measure, The introduction of the pointar«
velocity o5 an independent variable in these experiments leads to the problem
of o suitoble research method. Until now only static methods (e.g., by means

of the tachistoscope) ore known form literatwre, For this mxperimentnl study

a new'dynamic procedure” vens developed which | will describe loter on.

2. BExpurimental ser-yp

Figure | shows the various displays, which were presented to the subjects. All
Pelbrdaduliilin A 05)

systems hot the same range of 50 000 units. Four hybrid disploys (No. 2 through 5}

were exomined in oddition 1o one anolog (No. 1) and one digital display (No .6).

The fength of the scole was th= some for the disploys No. | tiwough 5. The

seales subtendec o visdal angle £ 80, with the lin-of=sight perpendiculer to
the display surfoce. As o scale-form the Hiowmscole wos selected ond arabic
figures wers chosen for numbering of the scales ond the digital display. The

geometric dimensions of thee disploy choracteristics correpond fo the rules
available in the literoture.

The disploys, which ore presented on o CRT, ore generated by means of o
symbol-generator developed in our imstitute. The location of individual symbols,
for exompel the pointers position on the scole, con be changed by on exter-

nal analog volitoge, ond individue! symbols, for example the figures of o scole

¥

con be changed by digital informotion externally supplied (see figure 7).




Figure 2 : Experimental set - up

The screen abserved by the subject wos imstolied in o sockpit. The CRT I
sloped such that o subject of average size looks vertically upon the projeztion

SEERENT.

3. Experimental procedure

In the following 1’1l describe the dynomic method, | wed in this experiment,
At the beginning of o given tigl one preselected disploy is presented on the
CRT scresn and the subject has fo read this display (figure 3}, The pointer storts
of @ stotistically determined position of the avoiloble range ond then moves

wp or down with o constont velocity mccording to the chosen rote of chonge

for the displaved value, o1 you con tee here, After o few sscondy on

sccoustic signol is given and the subject has to read the value of thot moment,

k. &
Simultonecusly the pointer ond other parts otfthe diralay, which ore important
for the reoding, are turned off. The subject reports the detected volue fo the

experimenter verbaolly. The lotter writes this reported volue info on slectronic
mamury cowled o o digital display, which &s Otunted obove the ClT-scraen

tar manBlrmatinn ko the sobisct. This *raported-value-disploy® wo switchnd
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Figure 3 : Experimental procedures diogrom

off during the friol run. The durotion of one wisl was stochasticolly voried

among three fixed-time periods so thot the subject could not predict the reguired
moment of reoding. The starting-position of the pointer, the rate of change of the
displayed value, ond the time of presentotion are fixed for each trial. The direction
in which the pointer moves is contralled by a random=generator. An electronic
control prevents the pointer from changing the direction in the lost second

before the turn off. The rote of change of the diglayed volue Is systematicaily
vorisd for sach triel. The wpeed voluesore logarithmically groduated ond cover

& ronge of 20 to 5000 units per second for the displays No.] theough 5. The tate
of change con ~lio be expressed as o pointer velocity in degrees per second. For
a scale viewing ongle of 8{, ot mentioned before, volues between 0.0032 and 40
degrees per second ore ohigined. In display MNo. & the numbering freguency was
votied over o ronge from 5 1o 1000 units per second. On the overage the readings
wers mode halt ot incressing and half of decressing tendency of the disployed

wolue,

The difference X between the volue reported by the subject and the disployed
value wos chosen oy the performance measure ond s called the “recding error’ .
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4. Experimental results and discussion

For these experiments a readability index for a display is derived from pro-
portional “correct recdings”. Contrary to the digital disploy an accurate

reading is hardly possible in analog displays. For thot reason o certoin ronge
ond ¢ - -.oportion

“thin

of tolerance needs to be chosen in my case + 50 units,
of onswers is cetermined, for which the reading error X is situo
this li=7,. This evoluation method proved to be advontagecus, cweciolly for
the comporison between analog ond digital forms of displays ond e--ables a

comporison among the distributions of the reading errors X.

Concerning the diagrams, which I’1l show in o moment, it should be noted,
that the rote of change is olways shown in logarithm units, vhereas the

ordinate, which represents the readobility index, shows o linear subdivision.

F3 10
a5
72 Vi ey ’/'/4?‘/
3 Y,
: E display No 6
€340 “,
o § //,
i, %,
2
! analog drsplay No !
e . //7//‘ hybrd displays
20 . . »/No 2-
J 3
04 - + v v v y v v V——
1] 10 20 S0 100 200 S00 1000 2000 5000
changing rate of the dispioyed value [umtsim]
Figure 4 ; Correct readings as a function of the changing rate of the

displayed volue

The results in terms of proportional "correct readings® «re shown in figure 4.

As you con see, the hybrid displays No.2 through 5 present the best readability,
when the answers are interpreted o: “"correct® with o reading error criterion

of moximal + 30 units. As the hatched surface shows, these displays are
approximately equally well reod. Comparing the hybrid displays with the
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digital display perform:nce wos about 10 % worse thon the hybrid disploy per-
formance. The pure analog display (Mo. 1) shows the worst result os could be
expected form the scale-resolution used (2000 units per scole division with o

scole spacing of 20 arc-minutes).

The load on the subject, ossccioted with reading the individual display systems,
was examined in o second experiment using on additionol secondary tosk (see
figurt 2). A fixed circle and o cross, which is movoble in the imoge field,
are presented toword the right of the disploys. The subject must bring the
cross back into the circle by means of o control stick, which con be moved

in two cdimensions during the run of triol. The subject hos fo fry to

keep the cross ot the null point. At the beginning of eoch trial the cross

is displaced form the null position in the circle with o certain initicl occelerotion.
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Figure 5 : The influence of the secondary task
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In figure 5 the influence of the odditional *acondary tosk is shown. The open '

squore represents the mean volue of the correct 1eadings for each -ystem corres-

ncreosng tendency

Xw=1(V)

ponding fo the experiments without secondary tasks. The corresponding results é
with the odditional secondory tas ore morked by the shoded squores. For the §
second experimentol run, differences now can be noted in the reading per- §
formance of the hybrid disploys. Whereas the displays No. 4 and 5 show

oimost no influence, the number of correct readings for disploy No.3 is about i
5 % lower. Disploy No. 2 clearly shows that the subjects alreody were very
much stressed with their main task of reading the diplay thot the number
of correct onswers became nearly 15 % less when simultoneously executing
the secondary task. Altough the digitol disploy No. 6 shows no chonge
compared to the results of the First series, i.e. without secondary tosk, now
it is read better thon display No. 2 by cbout 3 %.

In the figure 6 the mean error of reading ‘).( for the six <Sisloye are represented.
About 200 onswers were given by the subjects for the analysis of one vewcity-
step in ane display with increasing or decreasing tendency . The mean values

< z . 2 2
XIN ars XDEcsweH os the varionces . ond o g were calculated from

these dofe.

in the upper diagram the relotionship between iIN and changing visplayed
volue rate is shown for the vorious disploy systems under the experimental
condition of “increasing tendency®. The lower diogram shows the simular
relationships except for the "decreasing tenamcy™. As the results show, the
reading performonce depends not only on the display system and on the rate

of change of the displayed volue, but aiso clearly on the direction of move-

decreasing tendency
meat (st tendency). Xoe = £(V)

It i>» generally true that toolarge o reoding is mace during on increasing 3004
'

—

tendency (RIN . 0), whereos during decreasing tendency the meon error )-(De
5§ w20 % Y0 00 SO0 1000 2000 5000

is smolles thon zero (X, —0). Thot means : in on increasing tencercy
DE changng ra%e of the dnplayed vaive [unds/sec]
the subjech olways tend 1o read higher value - compared to the octual valur -
ond they read a lower volue in o decreasing tendency . Furthermore it wos Figure 6 : Mean reading error os a function of the chonging rate
found that the cbsoiute mean error }X) is somewhot smoller during the decreosing of the displayed volue

tendency ( | Xpel - I1X\ 1 ).



The some effect is observed for the corresponding values of the variance. That
means : the subjects tend to read more occurately under concitions of de-
creasing tendency. Regording the results for display No. 6, the digitol display,
it should be noted that - contrary to statements in the literoture - subjects did
perceive the change of direction of the displayed value, especially ot high
rates of change.
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Figure 7  Absolute recding error as a function of the changing rate
of the displayed volue

A further possibility for defining on index of readobility of a display is given
by the “obsolute reading error®.
mentioned before by the equation in the upper part of the diagram in

This error we; formed from the values

figure 7.

The significant influence of the velocity is quanlitatively the same for all
displays ond grows with the increasing values for the rate of chonge. in the
hybrid displays (No. 2 through 5) the corresponding values of the pointer-
velocity vory between .08 ond 40 degrees per second. Even in the analog
display (No. 1) in which the pointer moves with o meximal velocity of .8
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degrees per sacond, a cleor influence con be seen. As results from literoture
hove shown this dependence of the reading error on the pointer-velocity
cannot be orgued for by the “dynamic visuol occuity®.

5. Conclusion

To recapitulate the results of this investigation | would like to state the
following :

the experimentol method used has prove.! 1o be useful for showing differences
in the performance of dynamically reoding several disploy systems.

The results of this research con be summorized under three aspects :

1) The =ffect of the severol disploys on the reading performance in terms of
correct reading shows, that the hybrid displays ore superior to the digital
and the cnalog displays. The onalog display shows the smallest number of
correct answers, os shoula be expected by the smoll scole-resolution. Whereos
in the first experiments without the secondory task nearly the some results
were obtoined for the hybrid displays, differences were obtained in the
experiments with on odditional secondary task .

2) The influence of the tendency of the displayed value shows, that during
the inr  nsing tendency o reoding error greater thon zero is obtoined,
during decreasing tendency the error is smoller than zero.

3) The effect of the changing rate of the displayed value on the reading
performance is quolitotively the some for all exomined displays.
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