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ABSTRACT

-

Subjects simultaneously performed two single-~dimensional compensacory'
tracking tasks, one with the left hand and one with the right hand. The |
tracking performa:d with the left hand was considered the primary task and

wag performed with a visual display or a quickened kinesthetic-tactual (KT)

display. The right-handed tracking was considered the secondary-task and

was carried out only with a visual display. Although the two primary task
displays had afforded equivalent performance in a critical tracking task
performed alone, in the dual-task situation the quickened KT primary

digplay resulted in superior secondary visual task performance. Comparisons

of various combinations of primary and secondary visual displays in integrated
or separated formats indicated that the superiority of the quickened KT display

was not simply due to the elimination of visual scanning. In an additional

condition, a quickened signal obtained from an off-line KT display was used

to drive a primary visual display. Performance was equivalent to previous

dual visual task situations, indicating that quickening per se also was not

the Immediate cause of the observed KT superiority. Results are discussed

in terms of S-R compatibility differences, competition for modality-

dependent processing resources, taskidiscriminnbility, and the role of

sensory buffers in maintaining multi-task frames of reference under conditions

of shifting attention,
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INTRODUCTION

-

As man-machine systems have become'more complex, faster, and more
precise, the efficient monitoring and control of their operation has
necessitated the presentation of more information to the system operator
at a much higher rate than ever before. Unfortunately, the quantity of
information is often greater than the operator can properly process, with
resulting reductions in operational efficiency or, at worst, accidents with
attendant possibilities of loss of life. The phenomenon of system failure
precipitated by a high visual workload combined with high auditory task demands
has probably been most actively researched in the context of aircraft control.
However, the problem of visual overload is common to many systems. A great
deal of research has been conducted, therefore, on reducing the input process-
ing demands of command stimuli.

.One technique available to systems designers for providing information
overload relief is to use mulii-modal presentation involving several sensory
modalities as opposed to primarily within-modality presentation of all infor-
mation sources (Howell & Briggs, 1959). The assumption underlying this
approach is that presenting information for two tasks to two different
modalities will yield better ovoral} performance than i{f the {nformation
for controlling both tasks is prQSuh(ed to the same modality. This technique,
however, is little understood in terms of predicting which task structures
are aménable to such multi-modal treatment, and experimental investigations
havelgiven highly inconsistent results (Treisman & Davies, 1973),

Being without adequate theoretical support, multi-modal workload relief
techniques require sﬁrict empirical verification of their intended facilitory
effects, a fact 6f little comfort to a design engineer in the early‘stages of

system development. Multi—modél presentation of information has tended in
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"'*1ff;%ft§’ P'ﬂt to be highly situation s?ecifie, ané~it 48 clear tha: an unda:a:andins -

' élg of thn basic p:ecessea involved in this phenomenoa 18 needed before it can be o
': generally utilized. With a p:operly developed theoretical base for its use,
'gulti-nodal workload relief techniques hold great promise for providing
j solutions to the problems of 1nc£ea81ng information rates encountered in many

dreas of man-machine systems design.

Numerous alternatives to visual displays have been developed. There has
been some success in developing effective auditory display configuratibns
(Vinje & Pitkin, 1972; Vinje, 1972; Mirchandani, 1972) and there are some f.%
indications (but none conclusive) that such displays provide workload relief E
for the visual modality. However, there is still a major constraint in their i
widespread use; the auditory modality is uniquely suited for two critical

system functions, warning and communication. It would be difficult to justify

preempting these functions for presentation of control information. One
viable alternstive is the use of tactile displays. Some success has been
achieved with displays utilizing the sense of tcuch, but generally their

performance has been a poor second to the performance levels reached with

traditional visual displays (Hill, 1970). Tactile displays have generally

suffered from a major drawback =--- difficulty in comfortably and effectively
maintainipg a fixed proximity between the stimulation source and the skin

' for adequate transfer of information. This problem has made most of these
i '

displays inconvenient to use and impractical in most applied situations.

One particularly promising method of tactile presentation capitalizes

on both kinesthetic and tactual stimulation by means of the operator's manipula-
rion of a servo-controlled slide embedded in a control handle (Fenton, 1966).
Unlike other tactile-based displays, this kinesthetic-tactual (KT) display

“ does not assume that the operator is a passive receiver of information, but




explicitly assipns to the human an active role in generating information from
the display. Active perception of an information source is usually more
effective (Gibson, 1962, 1979).

With the KT display, the relationship betwéen the position of the hand
and fingers can be voluntarily adjusted to achieve a high degree of sensitivité.
Extensive research (reviewed by Gilson, Dunn, & Sun, 1977) has shown the KT
display to be an effective and pru:tically implemented means of displaying
information. Several studies have demonstrated its effectiveness in situations
as diverse as automobile (Fenton & Montano, 1968), aircraft (Gilson & Fenton,
197¢), and helicopter control (Gilson et al., 1977). Research reported in
Jagacinski, Miller, and Gilson (1979) has demonstrated that use of the KT
display with velocity quickening can result in performance equivaleant to that
of an unquickened visual display for a critical tracking task. Additional
studies suggest that the use of this KT display can help alleviate the high
visual workload associated with such difficult tasks as landing a fixed-wing
aircraft (Gilson, 1976) or flying a helicopter in a hover or through an ILS
approach (Gilson, Dunn, & Sun, 1977)., Still, the factors causing the improve-
ment are at present largely unknown. It is possible that the use of nonvisual
displays may improve overall systemiperformance largely by eliminating the
peripheral scanning interruptions necessarily present in the visual modality.
Alternatively, improvements in. performance may be due‘to more central factors,
such aqvan internal, coénitive scanning process. Switching between modalities
may be somehow more efficient, less disruptivé, or fasier than switching
between information sources within the same ﬁodulity.

Such theoretical questions must be resolved in order to utilize multi-modal

presemtation of information for workload relief. Verification of this apparent
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taik pi:fﬂraance capabiiity uas th& subject af this 1aVestigat1aa;

'anja: quastioﬂ- were considered. (1) Is seeoaéary task visual worklecdr

tignifieantly cnhanceﬂ by usins a pri-mry quickaneé :T disgiay :athar

primary visual display? (2) 1f so deaonatraced is the effect prinafily ,
" due to the elimination of visual scanning? (3) 1Is the effect priaarilyg
due to velg;ity§qu1ckening of the KT display?

Th; measure of workload was derive&zfrum a criticai::racking task (Qe*;ﬂ»
'chonaell & Phatak, 1966), which requires subjecis to stabilize a first~cxder
unttable system whose time congtant: 18 made progressively smaller un:il the
tracker loses control. The inverse of the "critical" time constan; at w?ich
‘ contiolria‘lost. A.» provides a measure of tracking capability. Fgr vi;éai?g
tds&s. chis highly cor;eiated Qith ie, the oporntorf} effecti;é tiﬁﬁrdelay

(Jpx & Allen, 1972).

S

Within a dual-task framework, foi results to be meaningful it is neceséary'

~to first equate primary single task performance on the ;isual and KT displays,
80 thgt one display does not have an initial advantage over the oth;r. Based
on the results of Jagacinski etsal. (1979), a velocity-quick;ned KT display
yielded approximately equivalent performance to an unquickened visual display.
Seéond. in order to maintain priﬁary task pérformaqce matching near itsi
single task level and to prevent overemphasis of the secondary taék, it was
further decided to cross-adaptively couple the two tasks. Jex, Jewel],and
Allen (1972) had earlier de?eloped the necessary algorithms, parameter values,
and automatic circuitry which were used in the present research,

Subjects performed a primary compensatory tracking task with their lef*

hand, using information they received from cither a visual or a velocity
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5.

quickcnad‘KT display. Concurrently, subjectsa performed a.aecundgry visual
tracking task with their right hand. 'Ehe dynamics of both therpr;mary and’
aecondary%tasks consisted of first-order unstable (subcritical) trnéking |
tasks. The time constant for the primiry tracking task was fixed, while the
tine conafant fdr the secondary task was coupled to the subjects’ perfofmanee
on the prfmary task; Croags-adaptive circuitry shorteﬂed the time éonstang of
the secondary task until primary task performance just began to de:eftorate
from the level of performance obtained with minimal secondary loading. -

The resultinﬁ measure of secondary workload capability, Ag, was the iaverse
of the shbrt;st time constant that subjects could control on the secondary

task while maintaining primary task performance necar its minimally loaded

level.

2
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6.
M METHOD .
Subjects i

Twenty bretested and selected subjects werc assigned to one of the five
experimcntal{conditions and received a monetary’paymenc according to a set
schedule and their performance.

Apparatus

Displays. The primary task was controlled cither by a quickened KT
display or one of four different visual displays. The KT display was built
into the cylindrical handle of the control stick, and consisted of a servo-
controlled solid rectangular section (1.25 cm x 2.4 em x 4 cm long) sliding
in and out of the handle. These positive and negative excursions from the
flush surface of the control handle indicated the direction and magnitude of
system error. The dynamic range of the slide was + 1.0 cm from the handle
surface, with this full response down 3 dB at 1.3 Hz, The phase lag for
frequencies below 1 Hz could be approximated as o 0.12 s time delay, when
the display was driven to maximal displacement (sec¢ Burke, 1979, for details).
The‘%actual-quickened (1Q) group"used this KT display with 50% velocity
quickening as the primary task display. Another group of subjects, the*visual-
quickened (VQ) grnup? received essentially cquivalent display dynamics but as
ihn

a visual signal, by first passing veloeity-quickened signal through an

off~line KT display before driving the visual display.  This visual control
condition would thus have both the beneficial etfect of quickening and the
deleterious effect of servo-motor lag to approximately the same extent as the
tactual display.

The primary task visual displays Indicated system ervor by the vertical

displacement of a green target from the center of a Tektronix Type 602 CRT




display. Three different target sizes were wsed: a single integrated dot
(2 mm diameter) for the "visual iuntegrated (V1) group", a short horizon:al‘
line (1 x 8.5 mm) for the "visual short-line (VS) group", and a long horizontal

line (1 mm x 8 cm) wh.ch nearly spanned the houndaries of the CRT screeh for

the "visual long-line (VL) group " (Figure 1). The subjects in the VQ group

received the integrated dot visual diasplay configuration,

Insert Figure 1 about here

The secondary task visual display used the same bhasic display configurations,

but employed their vertically-oriented, horizontally-moviny counterparts: the
horizontal displacemeut of the single dot, a separate short vertical line, and

a separate lon, vertical line, The 1¢ proup's secondary visual
display used the short vertical line. System crror was depicted as a horizontal
displacement with a dynamic range of + 4.0 cm. Vor single tasks the center
marker was 1 x 17 mm and for the dual tasks it was 2 x 2 mm. The display-to-

viewpoint distance was 60 cm, subtending a visual angle of + 3.8°. In that

foveal viewing is typically regarded as 19.75" of visual angle, some extra-

foveal scanning would be expected fq: the visual display consisting of the
two short lines, though not nccessarily for the integral dot or the two long
intersecting lines. '

Controls. Compatible with the vertical primary display oriéntation.
the primary task control stick moved in a vertical plane at the ieft side of
the seated subject. The control stick was a 57 em long unsprung.isotonlc lever

arm, custom-built to simulate a helicopter collective control. Range of

" n O .
angular travel was + 109, with 20 above horizontal representing: the neutral




control position.
The secondary task used a much smaller wrist controller (6 cm x 0.3 ém)

with an angular left/right excursion of + 20° from 1ts neutral position.

Compatible with the secondary task's horizontal display orientation, the ;
isotonic secondary control stick moved from side to side in a plane parallel
with the subjects' seat back.

System Implementation. The system dy.iwics were simulated on an EAL

PACE TR-48 analog computer with hybrid digital control. The analog computer
drove the visual display CRT directly, and the KT display indirectly through a
servo-amplifier interface. The actual position of the KT display's slide,
regardless of the command signal applied, was given by a follower poteétiometet
attached to the drive motor. In addition to its function as feedback trans-
ducer tor thé servomotor, the follower signal served two other purposes. In
the KT display condition, this signal of the slide's actual position w;s
compared to where it should be (the command signal) in order to generate én
indication of impcded movement. When the subject grasped the display §001
tightly, enough to override the servomotor, red warning lights Qere turned
on in both the subject's cubicle and the experimenter's station., In aqocher
role, when tﬁe KT display was not touched by a subject but instead was uséd
offline to simulate the KT dynamics for the VQ group, the analog computer
drove the se}v0motor with a quickened signal, and the signal from the follower
pot was amplified to drive a visual CRT display.

AThe critical tracking tasks consisted of a firsteorder unstable system
and a means‘%f progressively shortening its time constant (Jex, McDonnell,

& Phatak, 1966). The unstable plant was controlled by the angular position
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of the approéﬁiate control, while the system crror was Qisplnyéq as a %
diaplacement»of ity corresponding display. No foreing function wns us;;

since the subjects' Inherent variability provided sufflcient 1nput to . ! ? .
excite the uqotable system. On each trial the lnitln] level of 1nstabiiity

was 1ncreased;alow1y at a constant rate of .05 rad/s? until it roached u -
Yeritical” 1g§|1 where the operator could no longer supply sufficient control <.

has I

to stabilize the system, Loss of control was defined as the dinalaye& nyntgnf
error exceeding the previously specifie@ display excursion limits. Th;‘ '1 é
critical level of instabilicy, Ac. was ﬁhe dependent measure takén on @ach;
trial. The %nitial level of instability was preset by the experimence; at ‘
the start of each trial such that each trial lasted approximatel* 30 s,

In ordey to equate single-task performance with the visual ‘nd KT‘
displays, it was neccsasary to quicken the KT display. The quickcnlng tatin
of error velocity (& ) to error magnitude ( ¢ ) was 1:1. In order to- make
the total display ranges of the quickened and unquickened displnys mor! 3 :
comparable, the effective quickened display signal was ( & 4 g;)/2. i' : i

The circuitry used for the cross-adaptive dual-task paradigm £oll;wedg ? i
the design of Jex, Jewell, and Allen (1972). The dynamics for béth th: prima?y
and aecondary tasks congisted of a fir:t-order unstable system. .The level ; i
of instability was fixed for the primary task on all dual-task trials.- Onf
selected trials, the level of instability on the sccondary tnok vas fixed ; ;
at a nominally low value of .1 r/s,and the error on the primary tlsk under ‘
this minimal loading was measured. On the remaining trials, crooa-adaptivc

circuitry ajjusted the instability of the sccondary task until ghe prlmary  ad-erier

task error exceeded fts minimally loaded value by 257, .

i

Procedure

The cxperiment consisted of eleven sessions, one-hour per day, vver a

T L T O
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two and one-half week period. The expatineug was divided into four phase;:

!‘

1
pretest, tingle-tatk training, dual-étask@perfarmnce, and poat-test. All B
i

sessions ccnsi;tad of three blocks of tr}als separated by 5 minute rest

periods. For ainsle-task sessions, eac'; lock consisted of 15 critical

tracking trial: of approximately 30 s dutation cach and a 10 s intertrisl
interval, Thl performance measure was tbe median of the 15 l values for
each block. |

>

For the %ual-task sessions, cach bloek consisted of one minimally

T

2

loaded trial iQd five cross-adaptive tri?ls, all of 100 8 duration, The g
performance aéasurea taken were the blog? medians ofvprimary task error : i
and secondaryi:ask instability, l,. along with the minimally 1oa§ed error % %
level. A 2 ' : ;

Pretent.rrive gr?ups of aﬁprnxiua:u@y 10 subjects each were pre:es:edgr §
in a :ingle-tgsk criiical tracking paraJ;gn using the secondary iisual tanﬁ' %

with @ lhort-line target. No perforaanc; feedback was given. Subjectl wcre i
ranked on the baais of their median performance scores on the lllt two bloékaa

The four highest scoring subjects in sach group were selected to contlnue 6n,§
for the full expariment. N : 1oE

Singge-Task Training. Days 2-§lcon?iated of familiarizatfon and traiéing

on each of the two tasks separately. Days 2-5 consisted of training on each E
group's respective primary task displasy. Subjects recefved trial by:trial'
feedback of thelr Ar scores,  All subjects then recetved one sessfion of “
trainingi(bay 6) on the visual secnndarf task with which they were al;vndy‘,
familiar from the pretest. | |
Dual-taak gbase. On Days 7-10, subjects controlled the primary and

accondury taska simultaneously. The fir:t two sessions were primarily for
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, on Day 3. “

failhriution and training. s;ﬁf‘;jectr;erc'infémd :h;: they vere té try

ﬁ'

to gat as lov n STTOT 8COTQ as thcy cadd on thc vnun or KT prinry usk.

whils only not’ loﬁng contro!. of t!u vhgml ucudary mk. The duration of
the dul-tuk :riah vas 100 l. cinec the lﬁjecu vere not to lose
control of Oithtr task. On approgintel.y 6% of these :ruh subjects di.d
lose control, cnd these trhln w.a nputea. ngh: control of the primary
task vas also uphuizad to the subjecu by paying them on the basis of
perfornance on . Dnyn 9 and 10 md mia; ;wo-thuh of tha:lr performance payment
bs determinad by their priury cmr. le one=third of their payment was
determined by thc:lr secondary tuk 1nsu§ility uore:.

Pou-tut. In order to ucc_rtain q_zy shift! in the level of primary
task pcrfomanée due to further p’uctlco}{ with 1:213 a ccaponent qf the
dual-task paradigm, subjccts yef§ given . single~task post-test. Day ll was

identical in procedure to the primary-task cricicel tracking paradign used
i
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Resufrs

wt

Single-Task Performance o

Mean; were calculaied from the block medians of the four subjects
serving in each of the five display coaditions. Their mean performance
for all bloéks over all single-task segsions is shown in Figures 2 ané 3.
Separate ;nglysés of variance were can;;cted on each of the four singlé-

task phases . shown.

Insert Figures 2 and 3 about here

A two—;ay analysis of variance wa§ run on the pre-~test data to examine
for possible biasiﬁg effects in the‘aséignment of subjects to experimental
conditions; only the last two.blocké of Day 1 were analyzed. The between- f
subject display~assignment variable indicated that there were no significant%
differences in the assignment’ of subjects to display conditions, F(4,15)= ;
.31, p>.1. There was a significant main effect superiority for the last ‘
block, F(1,15) = 12.51, p<.01 but the ;ffect accounted for only a small
percentage of the variance (w2 = 8%); this suggests little practical change
over these last two blocks. The diSpléy—assignment by blocks interaction was
not significant, F(4,15) = .53, p>.l. |

A similar mixed-design analysis of variance was conduct :d on the final
day of primary task trainiﬁg, Day 5, using all three blocks. Performance in;
the five ﬁetween~subject display copditions did not differ significantly

from each other, F(4,15) = .49, p>.1, The within-subject block factor again,

showed a significant main effect, F(2,30) = 9,07, p<.01, but accounted for 50

little of the variance (wz = 77) as to be near asymptotic performance. Agaiﬁ,~
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the displhy by block interaction was not siggificant, ?(8 30) = i 13, p> l:
An analysis of the visual secondary training session. Day 6 revealed E
no significant effect of display, F(4,15) = .24, p>, 1. or of 8 display

by block interaction, F(8,30) = 63 p>.1. However. chere ves a significant

effect of blocks, F(2,30) = 22.80, 25 01, which accounted for a :nfficiently
high ptoportion of the variance (m = 29%) to conclude that performance
' had not asymp;oted yet. The last two blocks of the two 3econdar; task -
sessions. Days 1 and b, were then compared and found to cignificcntly dtffer
{ from each other, F(1,15) = 88.16, p<.01; this factor accounted for a major
portion of}the variance (w = 62%). The display factor was not ;ignificant.
F(4,15) = .44, p>.1whereas the blocks did differ significanclyyfrom each
other, F(1,15) = 9.02, p<.01. All interactions werc:not significant at
the p>.1 level or better. | :

An analysis of variance also compared the postJtest‘phase, Day 11,
with the final session of primary training, Day 5. There was no’ slgnificant

difference between Days 5 and 11, F(1,15) = .10, p>. 1 and there were no

significant differences among the display Londitions used F(4 15) - f A;

p>.1l. Likewise, all higher-order interactions wvere noc signif{cant at the
p>.1 level or better. The only significant differcnce fcund wad.in ;hg
block factor, F(2.30) = 9.76, Rg.Ol,tbué this factoc;only accouﬁﬁed focﬂa_
small amount of the variance (m2 = 82).; va : 'é ' .

Dual~Task Performance

'a

Becauyse stable, near-asymptotic performnnce was of more imporrance than
acquisition, dual-task analyses werc condu(tod only on the Lhree blocks of
of Day 10, the final session of dua1~task performance (Figures 4 and 5). The

statistical tests performed on the secondary task A; values were repeated;

— s e e e e e eg— - = < < w x e e = e ——————s
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for the primary-task error (gp) sccres. 4.;rhe “overall analysis strgtegy was
to analyze the four tightly clubtered viiual curves by themselvesL v and
then to separately compare the KT display with the most nearly adj;cent visual
display (in this case, the VQ group) CQmparing the KT display pgtformance
against the best performance among the viaual dieplay groups allowed the
most conservative test of KT display supitiority. ; §

Analysis of the secondary~task A lccres of the four visual”ﬂisplays
alone revealed, a significant main effect of both blocks, F(2,24) - ' 6. 70,
p<.01, and display configuration, §ﬁ3.12) = 4.44, p<.05, The blogy factor
accounted for 10% of the variance,éwhile the display factor accoué;ed for
27%. The interaction of the two f;ctorSHWns not significant, 516;2&) = 8,
p>.1. A Dunn's Test (or Bonferroni t, with gy = +05, 12 df) revealed no
significant differences ‘between adjacent visual display curves, but a
significant differeace~between therlowest and highest performance curves
(VQ and VS), and bgtweé? the lowest and second highest performance curves,
(V1 and VS). The vQ diéplay cqndition a?oﬁe was then compared to performance
with the éuickeééd KT a;splay. These twé display conditions were found to be
significantly differenc, F(1,6) = 763. 59, p2.01, with this factor accountiug
for the majority of the variancv (m2 = 722) The block factot was also
significant, F(Z 12) =~ 2& 16, p < Ol but only nccounted for 4% OE the
variance.} The display by block interaction was not significant, F(Z 12) =

.29, p>.1. . S ’

H N Lo ) . ] s ¥

N k| = v : . i B
Comparisons conducted on the primary-task crror data revealed no -

- differences betégen the four visuai conditiuns,vﬁ(j,IZ) = .16, R?Elr qﬁmparison

of the er;or:scéges of the TQ and VQ groﬁps showed the error scorég of the TQ

group were s;gngficantly lower, F(1,6) -f53.86, p<.01, and this e{fectfhécounted

for 51% of the éariance. Block factors werc not sipnificant, nor>yere;any
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interactions. The TQ group thus achievg:l significantly better :econdnry-cuk

+ =

performarce while alao domg somhac thter on the primary task.
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small fraction of the KT superiority iS"appnrently dué to the elimination off'

results-to scanning in'general. First,-note that nlzhough the two small

" range was still qu1te small {being limited to the 8 pm x 8 cm display range %

16.

B N . TR

2w

mscusnun . . ‘ ;
The major finding of the present study 1s that visual and quickened KT :
displays equateé for performance on a single dimensional critical tracking
task do not show equivalent time-sharingvperfotmance with a secondary visual
task. The quickened KT display is mquénly superior in the dual-task situation,
the KT and visual displays produced about the same primary task error, but
differed greatly in terms of secondary Ensk capability. This result then
answers the first question raised about%the capacity of the quickened KT
display to provide significant visual wé?kload relief.

The next issue is the cause of the

?r > .y_“_"

observed performance increase. Pouitoné
(1966) amorg others demonstrated that when two simultaneous visual tracking é
tasks are dlsplayed on separate units, qnd the displays are physically moved
closer together, performance is 1mproved as a result of the lessening of head é
and eye movements. Such visual scanning, then, is one possible source of
dual-task decren :nt, and the eliminatiou of this scanning decrement should
produce higher performance. That a scanning factor is not the major cause
of the observed KT display superlnrity is indicated by still-inferior performance
of subjects using an 1ntegratcd visual display format, which presented the

two error‘signals as tne combined horizontal and vertical movements of a iii
sinéle‘target and thuroby nlininnted the necd for sdnnning. Thus, only a |

.

visual scanning, as IndiCJLLd by the sllghtly 1mproved performance with the

e

integral dot dispiny relative to tracking the two small separate lines. !

Two final points should be noted COHLanng the'app]icability of thesef

sty el

" ) . 1

lines did. not permit simultaneous foveal view of bocﬁ displays, the scanning" .
k
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display arrangement. Contrary to these expectations, the large 11ne display

that it is not an easy task to ﬁollow the intersectibn of the two-lines

1nvoluntary shift of attention to that axis and to the detrimen& of the
other axtg.. i [N
', N . R ‘z 2 2 .\; K3 o -(

b B e, R
N . i ) R %
o g R

A S e e

‘ ‘ %
on the single CRI?. In normal coekpit'hnvitonmente,jiceanlns over anch

wider ranges 1. conmonly encountered. u%th the expecgation that gerformance

levels would bo even worse. Pilot data from our 1ab¢ratory indigates that
3 £
larger visual tine—sharing decrementa aay result wheu the primary and
¥ r

secondary taaks are dinplayed on cven iﬁmediately adiacent CRT screens.
SQcondly. since the two large 11n§? spanned thegentire diaplny range
on the occillo:cope sereen, 1t would aépear to be thqoretically §oosib1e

to simply follow theig point of 1ntersd;tion. in mucﬁ the same nauner that

= ,a

one. would follow the integral dot, Moreover. the 1a:ge line dispiay would

be expected ‘to. be moré compatible with the two—handei orthogonal control
might have
arrangementr The integral dot A~ a greater tendency to be viewed as a

vector sum of the horizontal and vertical errors rather than as orthogonal

omponents, and hence one, would predict thiq to be a,less compatible control/

3

produced slightly worse performance than the integrai dot (althouﬂh this

s R ¥

difference was not statistically significant) Subjective reports suggest

@ B

with contingqus foveal view, Instead! there seems tp be a type of preettenti

z ,:

"visual cipture occurring, where movehenr in one dtnension seens to cause an’.

If the difference between the quiékened KT display and the&visual displn

“ o\.v-,)b

18 not siuply due to the elimination ol visual scanning, then pcrhaps there

<%

is some more central factor opefative. ThrLe poesibilities are-differences 1n,
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inherent S-R compatibility between the visual and KT‘displays. thl velocity-
quickening used with the KT display. ot factors qpecific to the nse of two

separate sensory mudalitie
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as the causq or confoundin& of many exg?rlmontnl results. It 1a;an extremely
. t ?

i

simple analqg °°th15 highly compatible activity. s :

There qre saveral points which argue against a compatibility'explanation

.ﬁ

-

in the ptesant case. First. the visoal displays can also be nrgued to have

high degree§ of;compa@ibility, though 1t is unknown to whnt degree relative
? "~ to the KTidiéplay. SéCOndly, the present results indicated thatvﬁarying
degrees of oompatibtlity. at least among the visual display configurationq,

KT superiority, one would need to explain why this processing advantage was

. not present in the aiugle-task phase aad yet operative in a dual-task sjtuation.

One final-qualification is thgt an lndopcndvnl measure of (nmpatibility is

e EE

4

S~R coqpatibility is a ubiquitouu‘behnviornl phenomenon oftcn implicacedv‘n'

robust effect, and is considered one of the most important fnctors determining‘

human perfoéoance. Compatibility is thought to determine the complexity : :
of the transformation (number of gecodings) between a stimulus and its g}g
response, . thereby determing available resource demands and so becoming an ?é
important - f;otor in workload considerations (Fitts, 1964; Rogers, 1979), :E
With respecé to the present experiment#} results, it way be argued that the? %
KT displa ; soperiotity is somehow dugito its having a higher degree of »?E
S§-R compatioility, hence reducing . procoosing demands. The KT display may :é
be thought 50 have a higher degree of SR compatibility because of its more %%
intimate ;elat;onship betwLen the sourqe of stimulntion at the fingers ;
and hand, ;nnd the reqpond1ng momber, the hand stimulated, Mov(ng a display’ g
close to £h€ reopondxng limb does‘not alwayq improve perfOtmance (Hill 197Qé
However, adjusting Lhe pO&ltion of a limb on the basis of kinesthetic-tactuaf .
cues is ajcjomoo daily activity. - The present display design may afford a é
£ 3 *

' " had little ef;ect. Thirdlv, for 8uch a factor to be the cause of the observed

- -
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necessary before thgse arguments can be pursued in gfeater detail. 3

Another pelaihle reason for the superior perfotﬁhnce of the KT dilplay
is the velocity-quigkening used to equate the two tyﬁts of prinary diaplays,
*}

since this quickenins then becomes l confoundins facE?r in 1ntevpreqing the

~ dual-task rclults.ﬁg Therefore, a quickened intenrnlﬂdot vlaunk dfhplay 'i

’ was aubjected to thc same display dynamics as the KT: gsiispl.ly by ';s;mg a %;
quickened signal :hrough an offline KT mechanism befare vilual prelintation ;;;“ f
to the nubjecc. Reiulta showed thnt visual tracking. uhen helped‘by quicken~ '#géi' ?
ing but nllo hauper:a by the same servo lag as the KT display, yieléed. ?i g.:
approxiﬂlthly equivilent perforuanca in the single-task .1tuation bgt ;_ i7 g '
:ubstantially louer:secondary petfornance (as did the other visual displayl) ;»yg )
in the dual-task s;;uation. The' lead provided by the velocityﬁqutcken- ‘ %

ing may simply be needed to overcome the mechanical lag in the display

itself, ot alternatively, to overcome an extra lag or 1onger effeccive time

delay preaent in the KT perceptual system but not found in the visual system,

Perhaps the most likely cause of the visual workload relief capubility

of the KT display 15 its utilization of a different sensory modality. The
observed superiori;y could be due to additional nvailability of processing

regources. It may be as some attehtion theorists have lpeculated that each
modality ‘has its ou; reserve of processing capacity 1ndepcndent of &nd g
uninfluenced by the allocation poltciea of other modalities (Morly, 1967 Kantowi
& Knight, 1974) Treisman and Davies (1973) have argue; that multi-nodal 5

presentation avoida structural 1ntérference hetween two tasks by miking
available additional stimulus procdssing mechanisms rath.r :han additional
freely allocatable papacity. Their experiments demonstt§ted a considetable

improvement in the -subjccts’ ability to divide their attention between two

R R A TR R SR L Y PR S .‘.sl'ﬂwi’av“-'én—'ﬂq'rw!.‘ax» s A R TR ¥ WA R Y g W
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: | § % S ‘
inputs when these were in differegt aoitlities {vinsual and audltory) In, :

the present experiment the KT display nay reduce visual workload §y tapping

ll’
an unused extra pool of capacity aaaaciated with the tactual aodal1ty.

e, e p

In additiou to percgptual annlyzers. there are other mndality-specific
nechanisus which are candidates fqr stguctural bottlenecks to withip-
modality proceséing. It may take}lesséiimc to switch attention and then
become current on another task when thé'two tasks are in differentfmodalities s
because of the §resenca of an extfa se@gory buffer. Switching attention betweéﬁ
modalities, the operator could maintai%%thc most recent state of the other tasé

X

in such a buffer memory while:gtténdingito a different task. Given that the:

" switching rate is not too sloﬁ ana theésignals not changing too fas:, then

the contents of the buffer would be a goud estimate of the signal on the

first task. Recurning to tha§ task could then be done more quickly and

C 2
F3
T E
%
ki
i%
8

efficiently by simply updatin& the buffer 8 contents, an impossibility 1f

W%

3
the two tasks used the same nédality aud hence the aame buffer. The exist-

+

LA R vi_-. PRI P

r B

ence of such buffer memories ﬁave been demonstrated in the visual modality

RLE SR O]
o

(Baddeley, 1976), the auditor¥ modality (Morton, 1970) and the tactual modality ‘
(Bliss, Crane, Mansfield, & wansend 1966) ,é . : :
Increased stimulus discriminability reduces processing time (Lindsay,

Cuddy, & Tulving, 1965; Lindsay. Taylor & Forbes, 1968) and may have implica-
tions for multi-mudal dual- ta;k studies, More efficient switching between twot
tasks in different modalities ‘may bL due to reduced time delays stomming from i
increased task discriminabili;y. One can conceive f a situation where ﬁ
capacity and structural resnugces are equivalent both within-and between-

modalities, But where pcrformtnce improves hecause task information somchow

receives a nodality-xpeaific ” Jgging {or qunl(tnti%e difference) related

P

|
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i
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to the channel structures it has passed :hrough. Thg use of :yo differen:

iy
2y

5»*

modalities may provide signals which ierve AB cues eo reduce §nsk confusion
? . _, .
errors by keeping the two information ﬁourcea distinct (Spietﬁ. Curtis &

el '9

e Wt

Webster, 1954; Mudd, 1963; Shaffet. 1573) :
The present research has demonstfated the usefuluesa of ihe KT diuplay

;i

for.relieving visual workload. Regar&less of the evegtual aniwars conce:ning '

J

the specific locus and process of mmlgi-modnl workload ralieff it is intercst-
v o

ing to note that equating two dilplayé in terms of single critical task perfotn-

ance was not sufficient to produce equal dual~task performancpl It has been ;
possible to conclusively establish that periphera] scanning was not a major .
factor in the KT display's superiority. nor the velocity quickening per se
provided the KT display. In addition. compatibility also doea not appear
to be a major factor, although the evidence for this conclusion is noc strong.
At this time, the most likely cause of the observod visual wotkload relief

would seem to be the modality factorr  Why using a aifferent nodality;-
should improve performance was not directly tested, although leveral possible(
mechanisms were suggested. It is hoped that these findings will stimdiate

more research into the phenomenon ofimulti-modal workload relfef. “
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Figure 1 -- Altcrnative vi.uai dilplay confipurations, Vertival antnlnt '

: ¥

is used !or the grimry iuk d:lsplay, and horizontal novmnt is used

for the ucondary task d}.pluy.
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Figure 2 -- Maan group perfomncec on a single critical tracking :uk with -

& quickened cactual diqﬂ.ay and chree unquickened visual dinplayn

Figure 3 ~- Kun group perfomnccs on a single eritical tracking task with -

i

a quir.kencd tact\ml dicplay, an nnquhkoned visual (V1) display (both

repeated from Figure 2),, and a quh.kenvd viaual duplny having its slml

‘ i

passed through ap off-line tactual display.

Figure 4 -- Mun group pert‘omncu ou a dual tracking task. ‘moivffprupry

displays ue the sanm u in ngre 2.
{

Figure 5 ~- Hnn group perfomus ml ‘a dual tracking task. Thé.rprinry

e

»

duplays are thc some u m ﬂgnrg 3.
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