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The Effects of Bimodal Stimvius Presentation

on Tracking Performance

Most previous research comparing unimodal stimulus
presentation with bimodal presentation of correlated stimulil
have shown evidence for intersensory faclillitation; better
performance ie produced when stimull are presented in two
modalities as oppcsed to only one., This result has been found
with reaction-time experiments (Todd, 1912; Swink, 1966;
Bernstein, Clark, and Edelstein, 1969=), vigilance experiments
(Buchner and lecGrath, 1961), and detection studies (Brown and
Hopkins, 1967; Loveless, Brebner, and Hamilton, 1970}, Handel
and Buffardi (1969) have also shown that simultaneous auditory
and visual stimulus presentation produces a faster rate of
pattern identification than does individual modality presentation.
The present experiment was designed tc explore the effects of
bimodal, correlated stimulation on a complex motor task —
tracking a repeating series of step function inputs.

The rationzle for this investigation was that methods
developed for analyzing tracking perfcrmance would allow
specific statements concerning the locus of performance changes
resulting from bimodal stimulation., That 1s, if bimodzl stimulus
presentation affects tracking performance, 1t would be possible
through an analysis of oscillographic records to locate where

the additional redundant input makes its contribution,



Method

Subjectses =~ Thirty-six right-handed, male college students
volunteered to serve as Ss for the experiment. These students
were all between the ages of 18 and 25 and had normal vislieon and
audition, They were paid for thelr services,

Apparatus. =- The apparatus was the Kansas State University
Versatile Electronic Tracking Apparatus (VETA). Since a detailed
technical description of the apparatus is avallable elsewhere
(Trumbo, Eslinger, Noble, and Cross, 1963), only a general
description will be presented here.

The VETA was used to present a repeating pattern of visual
inputs on a pursult tracking display. The input function, or
target, was punched on myler tape, read out by a Digitronics
Fiodel Z5U0 tape reader, couverted Lo anuliog voltages Uy means of
e digital-to-analog converter, and displayed on a cathocde ray
tube (CRT) as a vertical line which moved along the horizontal
axis of the CRT. The position of & similar vertical line, the
cursor, was continuously adjustable by means of an arm control
attached to S's chair in a position for easy manipﬁlation by S's
right arm, This arm control consisted of a horizontal arm rest,
pivoted at the elbow on a vertical shaft, and an adjustable hand
grip. A potentiometer attached to the lower end of the rotating
shaft converted the arm control positlion into & continuously
variable voltage which, in turn, drove the cursor on the CRT, A
movenent of 5.6 degrees of the arm control causedrthe cursor to
move 1 cme Both the target line and the control line were 16 mn.

long and they overizpped by 2 mm.; the cursor appeared below the



target.,

Since both the input function and the control positlions were
rerresented as voltages within the system, the absolute
difference between these two voltages was Integrated over each
trial by an operational amplifier manifold, This integrated
error was read out on a digital voltmeter at the end of each
trisl, In addition, the input functilon and control positions
were continously recorded on an oscilllograph during selected
trials for purposes of analytical scoring.

An auditory input function was also punched on mylar tape
and resd out by a second Digitronics tzpe reader which was pulsed
by the same timer used for advancing the visual input function.
The avditory Iinput conslsted of either white nolse generated by
a urasone-duvadisr sodel 4350 noise gencratur or our pusd Lunss
generated by four audio oscillators,

Two Ss were run simultaneously in 2 identlecal experimental
booths. Each S was seated approximately 71 cm. from the CRT,

The loudspsaker used to present the auditory input was about
5C cm, directiy tehind S's head.,

Inputs and gonditions. == The visual input consisted of a

step function in which the target moved from position to position
in discrete Jjumps and remained at each pesition for 0.8 sec. The
target moved through each of 4 different positions then through
the same four positions in a different order, defining an 8
element pattern. This pattern was repeated 6 times per trial so
that each trial lasted 38.4 sec. The pattern in terms of voltages

was =3, +7, +2, -6, +7, -3, -6, 42 vhere -7 would be the extrems



left position and + 7 the extreme right, Zero volts was at the
center of the CRT. The equlivalent of & one volt displacenent on
the display was 5.7 mm., Condition V consisted of Ss who tracked
this visual pattern without any simultoneous auditory input.

The different auditory inputs used in conjunction with the
visual input produced 2 further conditions. In Cond. VN the
visual pattern of inputs was presented along with 40 msec.
bursts of 50 db, white nolse. The onset of the noise bursts
occurred simultaneously with the changes in target position on
the CRYs In Cond., VT the visual pattern was accompanied by a
synchronous pzattern of tones. Four different tones were used to
correspond to the 4 positions in the visual pattern, Each tone
was 40 msec, in duration with loudness subjectively equated to

-~

vim s ol Ll wnlle nelse, The frsquencics of the tones were

300 hz., 69C hz,, 1590 hz,, and 3650 hz., The tones were arranged
such that the highest tone was presented with the extreme right
position in the visual pattern (+7), the next lowest tone with
position +2, the third lowest with position -3, and the lowest
tone with the extreme left position (=6),.

Proceduvrs, =-- The Ss were randomly assigned, 12 each, to
the 3 experlmental conditions. For all conditions Ss were
Instructed to track the target on the CRT by keeping their
cursor superimposed on the target as much as possible. They
were told that there would be an 8 element pattern repeated
6 times in each of 30 trials and the most accurate means of
tracking this pattern would be to move simultaneously with the

target. It was explicltly stated that the S should learn the



pattern in order to perform well, Each trizl was preceded by
a 5 sec, wvarning light and followed by a 15 sec. rest interval.
All 30 trials were presented in one experimental session, In
the VT condition Ss were informed that 4 tonal bursts would

be presented successively and that they would correspond to
various targel positions, The Ss in Cond., VN were instructed
that a brief burst of white nolilse would occur when the target
changes position. All Ss were informed of their integrated
error score at the end of each trial.

Performance neasures. =- Integrated error was the globkal

performance measure (see Trumbo, Ncble, Cross, and Ulrich, 1965),
In addition, several indexes of temporal and spatial performance
were obtained fror the oscillagraphic records of the second
repetition o1 the patiern on cach or triaels 2, &, €, 10, 20, and
30« Thne indexes of tenpcral performance were determined by
comparing the time that S initiated his primary movement relative
to the target displacement; a movement initiated before target
displaecerment 1is called a lead and a movement started after
target displacement is called a lag., All temporal measurements
were made to the nearest 50 msec., Spatial performance was
determined for those movements which were associated with any
lead or a lag of less than 150 msec. For these movements,
spatial performance was called an overshoot if S moved his
control too far before stopping his primary movemsnt and an
undershoot if S did not move far enough before stopping.

Meovement accuracy was measured to the nearest 1 mm,



Results

Intezrated Error

Figure 1 shows integrated error as a function of 10 3-trial
blocks for each of the 3 conditions. These 3-trial block data

were used in an analysis of varlance which showed tracking

to be the only significant effects, both at p<{.0l, Inspection of

conditions, F (2,33) = 8,019, and blocks, Ll
the data shown in Flge. 1 reveals that all groups improve over
blocks but that Cond. VI is consistently superior to Cond, VN
which, in turn, is consistently superior to Cond. V. However,
Newman-Keuls tests on the group means show the VT and VN
cenaitions wot to dififer from une ancthel but Lotk dilffered
significantly (p<.05) fram Cond. V, It should be noted that the
effects of auditory input (Conditions VT and VN) on integrated
error are apparent as early as the first block of 3 trilals,
Integrated error curves for only those trials used in analyticel
scoring were also constructed and found to be essentially a

duplication of Fig. 1,

Aralytie Scores

Temporal performance, =- lLeads and lags served as the basis

for the indexes of temporal performance, From these basic
measurements the following indexes were determined: the number

of long leeds (leads greater than 150 msec.); the number of lorg
lags (lags greater than 150 msec.); beneficial anticipations
(defined as a lead or lag within 150 msec. of target displacement =
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short lags are ccnsidered antliecipatory bzcause 150 usec. is

less than visual reaction time); the average magnitude of all
leads and cof 211 lagss and the average absolute magnitude of all
leads and lags comblned,

The number of long lags and the average magnitude of lags
beet reflect the factors underliying the integrated error data;
Conde. V 1is always inferior to Conditions VT and VN which are
about equal, Both the number and magrnitude of lags decrease
over trials for all groups. An analygis on the average magnitude
cf lags indlcate a significant difference between conditious,

F (2,33) = 3.988 and a significant trial effect, F (5,165} = 28,249,
Newman-¥zuls tests on the condition m=in effects replicatszd the
integrated error Tindings. That is, with respect to the everasec
mEgnitude 6 legs, one Lwo audiiory groups piocveu o o
significantly supecrior (p<05) to the aonmauditory group (Cond. V).
£n interesting observation, however, is that the VN group tended

to ke tetter at timing than the VT group early in the task. This
observation is most clearly deplcted in Fig. 2 which plots the

Insert Figure 2 about here

number of beneficial anticipations as a funection of trials. It
can readily be seen that the VN group is superior to the V and

VT groups over the first 10 trials, After trial 10, no
differences between groups are apparent. Filgure 2 also reveals
thatrbenificial anticipations remain fairly constant over trials.
This results from the fact that the number of long leads increased

over the 30 triels for all groups (from 1.5 to 3,.,1) while the



number of long lags decreased.- With respect to long leads,
Cond, VN tended to have fewer (5 vs. 9) in trials 2, 4, 6, and
10 than Cond. VT. This temporal superiority of the VN group
early in practice was also reflected in the absolute lead-lag

data,

Spatial performance. =- Overshoots and undershoots for those

primery movements assoclated with a lag of less than 150 msec.

or any lead served as the besis for the following indexes of

spatial performance: the number of large overshoots (overshoois
greater than 3 mm,.); the numbef of large undershoots (undershoots
greater than 3 mm.); the percentage of spatially accurate move-~
ments (defined as the percentage of overshoots and undershoots
within 3 mm, of the target); the averaze magnitude of &ll overshooss
and ¢f all underzhocts; 2nd the averzge abeolube mesmitude of

all overshoots and undershoots combined. The results of all

spatial measures are singularly reflected in the composite

overshoot-undershoot data which is shown in Fig. 3. An analysis
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Insert Figure 3 about here
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of variance on this composite data indicated a main effect for
groups, F (2,33) = 4,352, Newman-Keuls tests show both the VT
and V groups to be significantly better (p<05) than the VN
group. However, no differences were found between Conditions
VT and V with respect to the average absolute magnitude of
overshoots and undershoots., It can be seen in Fig. 3 that
audlitory input for both the VN and VT groups clearly is

assoclated with large spatial errors early in the session



relative to the V group. It can further be seen that the VN
group improves only slightly over the entire session whille the
VT group shcws an abrupt improvement surpassing the performance

of Cond. V which rerains fairly constant.

Discussion

It would ceem from this data that an additionzal redundant
input ecan facilitate certain aspects of performance in a
tracking task. This conclusion arises from the finding that
Ss who were given tones (Cond. VT) in addition to the visual
pattern consistently performed as well as or better than Ss who
did not receive any additional input (Cond. V) on all performance
measures examined. However, the data suggests that the major
contulibuvion o0 tha toacs Iles ouly in the Liming aspect of the
tagk since Cond. VT did not differ significantly from Cond, V on
any of the spatial indexes but did differ with respect to averarge
magnitude of lags and integrated error. Despite the lack of
statistical significance between these 2 groups in spatial
accuracy, Fig. 3 clearly points out that Ss having the additional
tonal input become consistently more accurate as practice
continues than Ss without such input. It might, therefore, be
premature to conclude that tones do not assist in positioning.

The apparent superiority of the VT and VN groups with
respect to temporal accuracy infers that redundanti, correlated
auditory input, in general, can be readily utilized to enhance
timing in a tracking task, However, to generalize this

inference to all aspects of the task would be a gross mistake,
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The rationale for this notion iies in the fact that the VN group
was spatlially less acocurate than either the VI or V group. This
unexpected result appears to indicate that redundant, correlated
aunditory input can either facilitate or inhibit certain aspects
of tracking performance depending on the type of edditional input
eeployed. It would, therefore, appear that the data are
inconsistent with Bernsteiln, Clark, and Edelstein's (1969Db)
encrgy integration model which proposes that stimulus intensities
add across modelities causing the Joint auvditory and visual evernt
to be effectively stronger then the visual event alone. Clearly,
if adding stimulus intensities were &1l that was involved, littile
or no difference between Conditions VT and VN on any of the
pexrformance measures should have occurred sinee both intensity
and duwracivin of the sudliitory inputs were egualad,

A more plausible exzplsnation has been proposed by Handel
and Buffardl who have suggested that the suditory and wvisual
modalities compliment each other when they are combined. That
is, they propose that each modeality presents "information" not
present in the other meodality, Even though the results presented
here clearly show that two modalitles may not only compliment
each other, but can 2lso be antagonistic, this is not to say
that they are not consistent with Handel and Buffardi's
explanation. For example, it 1s quite possible that the ambient
noise actually provided a type of negative "information", possibly
in the form of a distraction — noise might distract one from
concentrating on positioning by accenting the timing aspect of
the task wheress tones accent both timing and positioning., This
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explanation sgsenms guite reasonéble in 1ight of the observation
that noise tend=d to ald temporal performance more than tones
initialiy., Thet iz, since only the tining aspect of the task
was accented in the VN Cond., one would certainly expect that
accenting another aspect of the task (positiening) in addition
couald do nothins but hinder temporal eccurecy. In order to assess
this account of intersensory facilicatlcen &nd inhibition,
further research involving the propsrtlies of various types of
Inputs wenld scem mandatory. In addition, the fact that the
glotal pertormarce measure in this study, integrated error, was
so inconsistent with many analytic scores should serve as a

reminder that research in thils area demands problng beyend grous

measures of skiil.
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A tracking task was employed to compare the effects of
unimodal stimulus presentation with thbse of 2 types of bimodal
corrzlated stimulus presentations., Thirty-six Ss were randomly
assigned, 12 each, to 3 experimental conditions. The task for
all Ss was to track a visual step function input displayed on a
cathode ray tube. In Cond. VN Ss were exposed to a short burst
of 50 db. white nolse every time the visual target changed
positicns, Ss in Cond., VT received a2 %0 msec. tone simultaneous
with the target position change. U4 different tones were used in
Cond, VT and each corresponded to a particular position in the
visual pattern. In Cond., V no auditory input was employed. The
data were analyzed with respect to both a global performance
nezasure and several temporal and spatial indexes, The results
indlcated that a redundant auditery input can either faclllitate
or inhibit certain aspects of tracking performance depending on
the type of additional input employed. A plausible explanation
for the findings was proposed and supported by observations

within the data,



