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SUMMARY PAGE

% THE PROBLEM

™ wronTYT

Significant progress has been made in the developinent of automated
speech understanding systems for application to naval aviation systems.
[ One advantage that is anticipated for speech over con'rentional man-machine
interfaces is that speech could function as an independent channel for the
control of aystems. The experiment reportec in this paper represents a
preliminary investigation of the assumption that an automatic speech syn-
thesizing and recognition system can provide the human operator an addi-
] tional end parallel channel for processing information and effecting control
responses .

The expariment required human subjects to timeshare a digital infor-
mation processing task and a continuous compensatory tracking task.
Independent variablos in the design were task loading (single- vs. dual-
task coaditions) , stimulus presentation modality for the digital task (audi-
tory ve,. visual), and response modality for the digital task (voice vs. key-
hoard) . Data from 16 subjects were analyzed.

FINDINGS

The results indicated that the combination of visual stimulus modality
and voice response provided optimum joint-task performance. No combiz.ation
of stimulus and response modalities resulted in equivalent single- and duai- I
task performanrce. Future experiments should be designed to investigate the
joint-task performance space for tasks that are more representative of the
informadon processing performance requirements of specific systems.
However, the interpretability of tho results of such research will depend upcn
the solution of methodological problems, such as how to control or sccount
for subjects’ speed-accuracy tradeoff strategies and the priciities they place
upon the concurrent tasks.
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INTRODUCTION

Recent advancos {n artificial intelligence technology have resulted in
commercially available ~omputer syatems that are able to synthesize auditory
messages and to recogn:se spoken wo:ds and phrases in near-real-time with
a high level of reliability. Several researchers have enumerated the benefits
that are expected to accrue from computer recognition of speech ({ 8). Beek,
Neuberg. and Hodge (1) summarized the possible applications of this new tech-
nology to military systems. Curran (4), and Coler, Plummer, Huff, and Hitch-
cock {3) reported significant progress in the development of automated speech
understanding systems for the control of on-board tystems in military aircraft.

Among the anticipated advantages for automatic speech recognition over
converitionsl techniques for effecting man-machine communication is that speech
should function as an additional, independent channe!l for the control of systems
(12) . It is assumed that even though the operator's eyes and hands may be
heavily occupied in the performance of a task, in many instances he would have
adequate residual processing capacity to perform another task if the information
to be processed could be presanted aurally and responses could be made vocally.
The results of recent rescarch are squivocal on this point (§). The most frequent
finding has been that the perfocrmance of one or both tasks will be degraded when
a visual/manual task is performed concurrently with an auditory/vocal task. The
sxpwriment reported in this paper represents an initial effort to investigate the
assumption that an automatic speech synthesis and recognition systemr can provide
the .uman operator an additional, parallsl channel for processing information and
affacting control responses. A central focus of the present study was to
deteriaine not only it performance capabilities will be enhanced, but also the
nature and extent of combined-task performance tradeoffs when audition and
vocalization are used as alternatives to visual input and manual output modalities.

In two recent theoretical papers Norman and Bobrow (10, 11) introduced
tha concert of a system of limited processing resources to account for the limits
in human information processing. Examples of rausourcea are effort, memory
cepacity, and information channels. When two concurrent procosses require
access to the same resource, that resource must be allocated between them.
Performance of one or both of the competing processes will deteriorate when
the amount of the resource r;quired by both pr- ssses exceeds the limit avail-
able to the system. To exan ine the tradeoff thac occurs when two tasks are
performed concurrently, Noyman and Bobrow proposed the use of a performance
operating characteristics (POC). The PCC is a plot cf performance on one task
as a function of conjoint performance on another task, and is generated by
varying resource allocation between two time-shared tasks. As Norman and
Bobrow pointed out, the interpr=tation of a8 POC depends upon the assumption
of complete complsmentarity of processing resources required for the competing
tasks. Navon and Gopher (7) noted that complementarity is only one of several
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ways in which resource:s may be shared between two complex tasxs. Navon and
Gopher (7) noted that complementarity is only one of several ways in which
resources may be shared between two complex tasks. Navon and Gopher
showed that interpretation of an empirical POC requires considerable knowledge
of the specific resources requirzd for each of the competing tasks.

1 To summarize the arguments of Norman and Bobrow, Navon and Gopher,
and others (see Kantowitz and Knight, 8), two parameters must be considered
when tasks ars performed concurrently: the relative priorities between the
taeks, and the specific resources required by the tasks. In the present experi-
ment relative pricrities between two time-shared tasks were held constent, and
the input and output (I/0) channels for one of the tasks were varied. The two
, tasks chosen for the sxperiment included a continuous compensatory tracking

* tzsk and a digital information processing task. The independent variables
were: task loading (single- vs. dusl-task conditions); stimulus presentation
mode for the dig task (visual vs. suditory): and response mode for the digit
task (vocal or manual) .

PROCEBDURE

SUBJBCTS

Twanty male nuval officers and civilian staff members participated as sud-
jects in the expsriment. All subjects wers right-handed and were between the
ages of 22 and 35 yeurs.

EXPERIMENTAL DESIGN

Subjects were tested in single- and dual-task performance of both a
one-dimensional compensatory tracking task and a continucus abaolite difference
digit-processing task. As mentioned above, the three independent variables
were task loading and stimulus and response modalities in the absolute difference
task. Figure 1 shows the eight experimental conditions in the design. The
stimulus presentation modality for the absolute difference task represented a
between-subject variable with ten subjects serving in each condition. Task
loading and response modality were within-subject variables. The various
experimental trials are presented in Table I. The order of trials 1T1, 1T2, 1V,
and 1K were counterbalanced across the ten subjects, as were trials 2V and 2K.
Subjects were tested i1 ths same oconditions on sach of the two successive days.
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Figuro 1.  Experimentsl Design
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Table 1

Experimental Trial Ssquence

TRIAL DESCRIPT!ON

@ 1T1 Single-Task Tracking (3 minutes)
1T2 Single-Task Tracking (3 minutes)
v Single-Task Subtraction, Vocal Responses (50 trials)
1K Single-Task Subtraction, Keyboard Response (50 trials)
2V Dual-Task with Vocal Responses (3 minutes)
2K Dual-Task with Keyboard Responses (3 minutes)
APPARATUS

The experiment employed one subject booth of the Multipurpose Automated
Research Test Stution (MARTS) system illustrated in Figure 2. Stimulus
sequences were controlled by a Data General Corporation NOVA 800 minicom-
puter with 32K x 16 core memory. The computer console was used Ly the
sexperimenter for input of experimental conditions and for display of performance
statistics at the end of eacli trial. The line printer, a Versatek Matrix electro-
static printer-plotter, provided output of more complete tables and graphs of
subject performance at the end of sach teat session. On-line storage of data was
acoompiished by means of the magnetic disk. The ansalog-to-digital (A/D)
converter and standard multi-line asynchronous data multiplexor (MPX) con-
verted voltage signals from the joystick, and accepted codes from the keyboerd,
respectively. A custom-built interface (the MCDE in Figure 2) recaived ana
decoded aswitch closures from the keyboard and transmitted codes to the NOVA
800 MPZ device.

The Megatek Corporation Megagraphics 6000 system used to display track-
ing and digit-processing tasks to the subjects {8 8 random stroke-drawn
cuthode-ray tube (CRT) display system capable of presenting alphanumerics
and other line-drawn shapes. Stimuli were presented on a Hewlett-Packard
model 1310A CRT oscilloscope.

The keyboard, configured with microswitches, was positioned on the
left side of the testing booth and arranged in two rows of four buttons sach:
0-1-2-3 (bottom row), and € -85 - 8 - 7 (top row). Switch travel was
approximately 1 ram before contact. The two-row arrangement was selected to
provide rapid learning of the keyboard and to decrease the requirsments to shift
visual attention from the CRT,

. ERPNOPNFESEIY "V S
PTG RN



e

oSt o

SUBJECT BOOTH

TRRMINAL =5
Kﬁﬁo | }
@ JOVETIEK
Y CONTROL
FACILITY
v VOTRAX MCDS AciL
} H NOVA
NOVA 2110 | g - Mex 200 ADC |-
LINE
PRINTER
s O
TELETYPE
CRT
oK ]
| B 0
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digit and tracking tasks.




Voice recognition and synthesis functions were nerformed by a Scope
Electronics Voice Data Entrv Terminal System (VDETS)*, consisting of a
Data General Corporation NOVA 2/10 with 16K of 16 core memory, a Scope user's
station, a voice synthesizer, and an ASR-33 Teletype. The NOVA 2/10 was
linked to the NOVA 800 host computer via a duplex MPX channel. The Scope
user's station converts voice analog signals from a microphone mounted on the
subject's headset to digital format for entry into the NOVA 2/10. A Vocal Inter-
face Division model VS-68 Votrax (VTX) voice synthesis unit provided auditory
output signals to the subject's headset in the testing booth. The Teletype was
used by the experimenter to control and monitor the VDETS utteraice recogni-
tion performance.

i SINGLE-TASK PROCEDURES, TRACKING

The subjects performed a one-dimension compensatory tracking task
, requiring appropriate left-right movements of a joystick control to maintain the
: position of a diamond-shaped cursor in the center of the 8 cm-long horizontal
‘ track (see Figure 3). The disturbance forcing function input consisted of the
sum of three nonharmonically related sinusoidal waveforms. The joystick was
a Measurement Systems, Inc., model 5268 spring-centered finger control with
lateral deflection range of + 30 degrees, a break-out force of 170 gm, and a full-
deflection actuating force of 283.5 gm.

e ianid

Subjects tracked for two 3-minute ‘c1als with a 2-minute rest period
intervening. The joystick initially actsd as a pure velocity controller.
Task difficulty was adaptively increaied by adjusting the ratio of acceleration-
to-velocity components in the stick control dynamice. When the subject main-
tained less thar: 20 percent of scale error, the percentage of acceleration
gradually increased in 0.05-percent steps every 50 msec. Acceleration was
k decreased in the sam» manner whenever the subject was outside the adaptive
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criterion. The difficulty of the tracking task was manipulated in this manner
in an attempt to reduce the effects of individual differences in tracking skill on
the dependent measures of tracking performance. Ti:e percent acceleration
variable was successful in manipulating tracking difficulty in previous studies
(2).

The tesk remained adaptive for the first four minutes of performance (the
entire first trial plus 1 minute of the second trial) and remained at the attained
percent acceleration for the firial 2 minutes of the second trial. a digital
approximativa to Root Mean Square Error (RMSE) was computed over 10-second !
intervals for the finai 2 minutes of single-task performance, and the mean and ’
standard deviations of these values were computed to represent the subject's
single-task tracking performance. Time on target (TOT) was also computed
for this interval.

-t e e S R G e S W G T e TED e W o .

*VDETS is now marketed by Interstate Electronics.
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A continuous visual performance feedback indicator was presented to the
subject throughout sinzle-task performance in the form of a vertically moving
bar graph (see Figure 3). Thes momentary height of the graph, updated each
second, corresponded to tracking TOT computed over the immediately preceding
10-second intsrval: the higher the indicator, the better the performance.

A small rectangular box indicated a desired performance level which the subject
was instructed to reach or exceed. This level represented 50 percent TOT,
which corresponded to the adaptive criterion (20 percent of scale). The maxi-
mum height of the performance indicator corresponded to a 100 percent TOT

score. In single-task conditions the underlying scale of the feedback graph
was linear.

SINGLE-TASK PROCEDURES, DIGIT PROCESSING

The digit-processing task required subjects to compute the absolute
difference betwesn two successive digits in a pseudo-random sequence.
Stimulus digits varied between 0 and 7. Respomnses fell within the same range.
The task was subject-paced. As soon as the subject responded with the absolute
valua of ths difference between the current digit and the previous digit in the

sequence, a new digit was presented. An example of a typical presentation
sequencs and associated responses is given below:

Stimulus sequence: 7-4-2-7-3-5-2-0...
Sulject responses: 3-2-5-4-2-3-2...

Subjects were tested in two response conditions. 1) vocal (VDETS);
2) manual (keyboard). The order of response conditions was counterbalanced
across subjects. In both conditions a new stimulus digit was presented only
after a correct response. A single-task session consisted of 50 trials.

In the event the subject forgot the previous stimulus digit, he could
request that it be repeated by either pressing a designeted key in the keyboard
condition, or by saying "again" in the vocal response condition. Also, in the
vocal response condition if the recognition system failed to understand the
subject's response, he was notified through the Vctrac unit, which responded
with the phrase "Say again." In this instance, subjects were instructed to
repeat their response. Average response time on correct trials, average
respornise time for trials containing errors, the number of errors, the number
of trials with requests for repeated stimuli, and the number of trials with
recognition failures were recorded for each session.

A vertically moving feedback bar graph was used during digit-task
performance. The momentary height corresponded to the average time between
correct responses for the preceding ten trials. The desired level box initially
represented a 3.0 second average correct response interval and the full range
of the bar graph extended from 4.5 to 1.5 seconds from bottom to top,
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. respectively. When performance improved beyond 3.”. seconds, the desired
level became the current best average. Thus, the criterion for good perfor-
mance was continually changesd to represent maximum performarice during the
50-trial sequence. The underlying scale for feedback in the 2igit-processing
task was linear in the single-task condition.

DUAL-TASK PROCEDURES

After performing the tasks individually, subjects performed both tasks
» together for two 3-minute trials. The order of response modality conditions
k' for the digit task was again counterbalanced. The tracking task difficulty was
fixed at the attained level of acceleration control achieved in the adaptive portion
of single-task sessions. Performance feedback indicators were again used for
each task; however, the desired performance region reprecented the mean
single-task performances of the two tasks (see Figure 3). For tracking this
was the mean RMSE percent of scale from the final 2 minutes of single-task
performance. For digit-processing the goal representad the mean correct
response latency for the final 30 trials in single-task performance. Thus the
subject was given continuous momentary performance indications, representing
the difference between current dual-task performance and the mean of his
single-task performance. Subjects were instructed to attempt to reach or
exceed these goal lines during the session, and that the tasks were of equal
priority . The actual levels that the goals represented were not revealed to
the subjects in the instructions. The first minute of dual-task performance was
exclucded from computation of performance measures to reduce warm-up sffects.

The movement of the performance feedback indicators in dual-task con-
ditions was individualized for each subject, based on his mean and standard
deviation from single-task performance. The height of the indicator represented
the difference between single-task performance and the current momentary
dual-task performance measures in standard score units. The formula for
this calculation was:

Standard Score = Xgt - X

where X, represented the single-task means; X(; represented the momentary
dual-task performance computed over the previous 10 seconds of tracking, or
ten digit responses; and sd;, was the standard deviation of the performance
distribution in single-task performance. This standard score was then dis-
played to the subject as the inomentary height of the graph. The range of height
covered 1.5 standarl units above and below the mean. For tracking the bar
height was updated every second, and for digit processing. after every
response.




X RESULTJ

A separate analysis of variance (ANDVA) was conducted for each deporn -
dent mnsasure discussed below. The ¢irst day of testing was treated as a lesrning
session. Data from the second day of testing are analyzed below. Fresentatiorn
and response modality for the absolute differsnce task and task loading (single-
vs. ducl-task conditions) were the independent variables in this analysis.
Tracking data fxom two subjects in the auditory stimulus presentation (VTX)
condition were lost due to experimeater error. Data from one subject in the
CRT presentation condition indicated that he failed to learn the digit task, and
F his data wore excluded from the analysis. One additional subject was randomly
i discarded from the CRT presentation group. Data from a total of 16 subjects
were analyzed, eigl:it subjects in each group.

TRACKING PERFORMANCE

A digital estimate of root mear. square tracking error (RMSE) was
computed, based on the immediately preceding 10-second of absolu.« error
measured every 50( msec. Values of RMSE were reco.ded every 5 seconds
during the 3-minute trials. The msan of these values for the final tw miautes
of each trial reprecsented tracking performance.

A graph of RMSE as a function cf the experimental conditions is presented
in Figursz 4. The ANGVA summary for these scores is shown in Table I. A
Tukey post hoc analysis revealed that tracking performance was relfably
superior in the vocal condition compared to the manual keyboard response
condition. Single-taslt iracking was superior to both dual-task conditions.
There was r.o reliable affect of presentation modality or interaction between
presentation ana :c«<ponse modes.

Table Il

Analysis of Variance for RMS Tracking Error

SOURCE df MS F P
Between Subjecis 15
A ~ Stimulus Mode 1 137.025 .843 .623
€ub. W. Groups 14 162.613
Within Subjects 32

B - Task Load 2 24€5.832 50,305 .001
AxB 2 7.285 .148 .863
B x Subi. in Groups 24 4¢.018
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DIGIT-PROCESSING PERFORMANCE

Two dependent measures represented absoluts difference task
performance: 1) Average Correct Responss Latency (ACRL): and 2) Percent
Correct Trials (PCT). ACRL wag computed by averaging latencies of all
responses from trials in which no error or system recognition fajlure occurred.
PCT was computed by dividing the total number of erroriess trials by the total
number of trialu, excluding trials containing recognition failures in the voice
condition. Three types of errors could oocur in the digit-processing data:
errors made by the subject, misrecognition of a correct response by the VDETS,
and faflure of che VDETS to recognise a correct response as a member of the

tisk vocabulary. Therefore, the denominator in the PCT score could contain an
unknown aumber of misrscognitions.

The means of the two dependent mesures describing digit-processing
performance are summarized in Pigures 5§ and 6. The analysis of varisnce
summaries for theee data sre presented in Tables IIl and IV. The visual pre-
sentation conditions produced reliably superior performance over the auditory
conditions for ACRL. PCT was not reliably affected Ly this factor. Response
modality did not affect either of the two measures. However, the interaction of
presentation and response modes was reliable for both scores.

Table I

Analysis of Variance for Average Correct Response Latency

SOURCE daf MS F P
Jstween Subjects 15
A - Stimulus Mode 1 12,820 34.1%8 .001
Sudbj. w. groups 14 .367

Within Subjects

B - Response Mode 1 0.000 0.090 .976
C - Task Load 1 .223 6.088 028
AxB 1 1,848 26.220 .001
AxC 1 .087 1.543 .233
BxC 1 .019 .833 .620
AxBxC 1 0.000 .011 913

B x Subj. w. groups 14 .089

C x Subj. w. groups 14 .037

BC x Subj. v groups 14 .023

12
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Table IV

Analystis of Variance for Percent Correct Trials

SOURCE df MS F P
Between Subjects 15
A - Stimulus Mode 1 .001 .083 .761
Subj. w. groups 14 .010
Within Subjects 48
B - Response Mode 1 0.000 .040 .837
C - Task Losd 1 .028 9.612 .0G8
AxB 1 .096 11,145 .005
AxC 1 .004 1,387 . 258
BxC 1 0.000 .248 .830
AxBxC 1 0.000 .038 .842
B x Subj. w. groups 14 .008
C x Subj. w. groups 14 .003
BC x Subj. w. groups 14 .003

The main effect of task load was reliable for both perfcrmance scores.
Dual-task conditions produced longer response times and higher error rates
than single-task trials.

DISCUSSION

The purpose of this experiment was to determine whether a speech under-
standing system would provide a parallel channel for the performance of an
information processing task concurrently with a continuous visual/manual
control task. The question can bs restated in two parts: 1) What combination
of input and output (I/0) channels for the discrete information processing task
provides optimum information transmission for both tasks? 2) Is this optimum
equivalent to single-tagk performance?

The results indicate that both tracking and digit-processing performance
deteriorated in dual-task conditions. In answer to the second question above,
no combination of 1/0 channels resulted in dual-task performance equivalent to
single-task performance. The assumption that a speech understanding system
provides a completely parallel channel is apparantly unwarranted in this case.

To answer the first question, the data presented in Figures 4, 5, and 6
were radrawn in F.gures 7 and 8. Because the priorities between the tasks
were held constant and equal, it seems reasonable to interpret each of the points

15

sk bt A A R a L .




e e T T

AVERAGE DIGIT TASK CORRECT RESPOMBE LATENCY

10

18

23

CRY
CRY
Kevboand Veles
v
vTX
L i | T
® 0 &0 »
AVERAGE AMME TRACKING ERROR
% of Seale Unin)

Figure 7. Joint performanes spass for wesking erver aid dir ' grovessing

sorreat responsd lateney.
18

“__‘ PRI




100
”
CRY
vTX
9.
Kevboard
Volee
- CRY
0 _ vTX
T T T T
® (o) © 30
AVERAGE RMS TRACKING ERROR |
% of Seale Units)

Figure 8. Juint performante sase for treshing error and digit-proameing socurscy. \

17



rﬂ m m T W T "
6 v -y "
0 ey T - S S
~ - r——— e
Ay s

B

plotted in Figures 7 and 8 as an estimate of the center point of each of four
performance operating characteristics. The remaining points for each curve
could theoretically be generated by rupeating the experiment with priorities set
for different tradeoffs. Until the shape of the POC for each combination of tasks
is known, the conclusions cdiscussed below concerning the relative merits of
various combinations of 1/0 channels for the digit task must bLie regarded as
tentative. The data in Figures 7 and 8 suggest that the conjoint performance of
the tasks is maximized when CRT presentation and voice response sre employed
‘ in the digit task. Other combinations of 1/0 channels for the digit task resultad
] in different points ‘a1 the joint performance tradeoff space.

. P > b e

WO o

In prac.ical military aviation systems the placement and organization of
keyboards are usually not optimal, and visual displays are cluttered , while
voiice 1/0 channels are relatively unused. The format of the stimulus display
and the layout of the keyboard and joystick in this experiment were selected to
provide high S-R compatibility and to minimize structural interforence between
the time-shared tasks. Any alterations in the stimulus format or keyboard/joy-
stick relationships would probably have sither no effect, or would be detrimental
to performance of the tasks. A significant improvemant in performance seems
unlikely. Therefore, the relative advantage of the voice responce channel over
the keyboard channel that is apparent in Figures 7 and 8 niay be expected to
increase in a practical systemm. However, the location of points in the joint
performance space should be explored for tasks that are moras representative of
the physical and information processing characteristics of a specific system.

The latency data (ACRL) for the digit-processing task represented the
elapsed time from the onset of the stimulus to the termination of a correct
response. In the voice response mode this time included an average 527 msec
required by the VDETS to accomplish utterance recognition. It is expected that
recognition latency will be reduced to very nearly zero in speech understanding
systems that are currently under development. An estimate of the improvement
in man-machine system performance that such a development would afford can
be obtained Dy subtracting 0.527 sec from the ACRL data for the voice condiilons.
This estimate considerably eanhances the apparent advantage for the voice
channel.

Because the voice recognition system could misinterpret subject responses,
perhaps confusing the digits five and nine as might a human listener, the error
socore (PCT) for the digit-processing task reflected both subject performance and
system performance. The effect of the task loading variable on error data may
have been due to unknown variations in the speech signal spectrum as a function
of processing load imposed on the subject, resulting in increassd misrecog-
nitions by the system. However, the effect of processing load was also observed
in the latency data. System recognition latency is a function of vocabulary size,
syntax structure, and length of the utterance. Vocabulary size and syntax for
the digit task were fixed; any variations in utterance duration were due to the
subject. The effect of processing load on the latency data supports the conclusion

18
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that the error data reflect errors due to thy subject rather than system
rocognition failures. Future experiments should inciude procedures for con-
firming off-line that the system's recognition accuracy is constant across experi-
mental conditions.

A short-coming in the design of the present experiment was that feedback.
to the subject was a function of correct response latency only. Subjects could
maximize the height of the performance feedback indicator in the digit task by
generating very fast, but frequantly inaccurate, responses. The problem of
interpreting performance data when the subjects' speed -accuracy tradeoff
strategy has not been controlled is evident from the data for thec keyboard
response mode in Figures 7 and 8. As shown in the Figures, the CRT -keyboard
combination of 1/0 channels resulted in faster average correct response latercius
than the VTX-keyboard condition, but accuracy of responses in the CRT -
keyboard condition was lower than in the VTX-keyboard condition. Conjoint
tracking pertormance for the two conditions was not reliably different. It
appears that subjects in the CRT group assunied a response strategy that
emphasized speed, whereas the VTX group emphasized accuracy. To inves:igate
this question an analysis of variance was performed, comparing the average
latency of correct and incorrect keyboard responses for the two groups. Tihe
results of the ANOVA are summarized in Table V.

Table V

Analysis of Variance for Response Latencies

SOURCE df MS F P

Between Subjects

A - Stimulus Mode 1 158 .431  .528
Subj. w. groups 14 .3680
Within Subjects
B - Response Type* 1 1.044 8.241 .012
AxB 1 1.034 8.185 .012
Sudbj. w. groups 14 127

* Correct vs. Incorrect Responses.

If subjects were trading speed for accuracy, incorrect responses should,
on the average, have been faster than correct responses. The results indicated
that incorrect responses were slower than corrects for the CRT group. There
was no difference between corrects and incorrects for tha VTX group. If the
assumption is made that subjects attempted to maintain a consistent speed-
accuracy strategy in 2 1 experimental conditions, the results suggest that the
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two measures of performance in the digit task (ACRL and PCT) reflect processes
that are differentially affected by stimulus presentation and response modes. In
, future experiments an attempt should be made to control the subjects' spaed-

' accuracy tradeoff strategy, perhaps by computing feedback as a joint function of
speed and accuracy, and varying the contribution of each to the level of &
performance feedback indicatcr. A related experimental question concerns
whether the results reported in this paper are representstive of human
performance in tasks that lack graphical indicators of performance. Future
experiments should also include conditions in which graphical performance
indicators are not available to the subject, in order to assess the affects of the

fasddack display on the shapes of the performance operating characteristics for
A the tasks.

The interaction between stimulus presentation mode and response mode
for both accuracy and lstency scores in the digit-processing task indicated
that for auditory inputs, the keyboard response mode was superior, and for
visual inputs. the voice response mode resulted in better performance. In
the auditory input, vocal output condition, the acoustical attributes of both
stimulus and response may have been a unique source of interference that
contributed to reduced performance efficiency. It seems especially likely that
rehearsal and retrieval processes active during digit-task performance were
more susceptible to disruption by intervening vocsl responses than by manual
responses. The results demonstrated that tha peculiar information processing
requirements of a task must be taken into account when specifying the I/0
channel structure for optimum task performance.

CONCLUSIONS

Tha results indicated that the combdination of CRT stimulus mode and
voice response mode provided optimum joint-task performance. No combination
of 1/0 channels resulted in equivalent single- and dual-task performance.
Future sxperiments should be designed to investigate the joint-performance
space for tasks that are more representative of the information processing
performance requirements of specific systems. However, the interpretability
of the results of such reseaich will depend upon the solution of methodological
problems, such as how to oontrol or account for the subjects' speed -accuracy
tradeoff strategies and the priorities they place upon the concurrent tasks.
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