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ABSTRACT

workload task. The effects of stress on the subjects’ performances
This paper reports on an investigation into the basic properti@sth the various interface devices was examined.
and requirements of automatic speech recognition as an input
device to atrial human computer interface. The experiment®€velopment of novel interfaces would biled by a suitable
required subjects toarry out asimulated target acquisition and modelling tool. Such a tool would allow performance predictions
report filling task, with the available inputievices being Of an interface design given atomic performance measures for
automatic speech recognition, trackball, functikeys or a individual interface devices, taking into accoamy conflicting
simultaneous combination afl three. Experiments wewarried ~'equirements. This paper examines the use of an interfadel
out under varying workload to examittee degradation afverall based on a critical path analysi€PA) approach, with the
interface and individual input devicgerformance under user experimental results being used to validate the model.

stress. In addition to modelling a prototype interface, it would be

An approach at modelling interface performance using a criticdesirable, for the procurement ofASR devices, to have a
path analysis approach is introduced. Modellinghef interface specification for recognition performance whiefil provide the

developed here hashown agood match tothe experimental requiredsystem performance. Thesults of the trials are used to
results. specify a recogniser word accuracy for the application developed.

Although use of theprototype speech recogniser was found to be 2. DETAILS OF THE EXPERIMENT
both slower and less accurate than the manual mnpdés it was
possible to estimate a required waadcuracy ofaround 94% 2 1. Experimental Task
which would allow speech entry to provide an equivalent
performance. The experimental task chosen the experimentgivolved target
acquisition and report entry. The ‘real world’ applicatwould
1. INTRODUCTION comprise an operator controlling a remote pan zowin camera
to locate and report on objects of interest. Bty andcontrol
It is clear that future humamachine interactions (HMWill be  in the experiments was cken to be by keypad (which could be
carried out via a number of interaction modes, rather than tiiplemented as a wrist mountathit), mini-trackball (hand
manual entry and visual output modes currentigd.Automatic  held), speech input or a simultaneous combination of all three.
speech recognition (ASR)ill enable one additional mode of
interaction. The choice of interaction devices and the combinatid® simplify the display and remove problems related to legibility,
of these devices in @ue multi-modal interface will depend on the displayshown at Figure 1 was developed. The lowart of
many factors; individual component performance, user experienti€ display presents the subject witbhmice ofsimplegeometric
and ability, thecomputer application and fundamental propertie§shapes, one of which is highlighted. The target acquisition task
of the various interface modalitiesan all be expected to required the placement of the displayrsor ovetthe designated
influence the overall interface design. target before the issuing of a ‘Select’ command.

This paper reports on experiments carried out atSpeech After selection ofthe correct shapethe subject issued ‘@oom
Research UnitDRA Malvern, into the assessment whrious in" command to display aenlarged colour viewvith a direction
interface designs for simple target acquisition and repentry ~ arrow. The detailed view replacéue symbols athe lower part
task. This task was osen as being representative roiny  Of Figure 1. The form at the upper left of the display is then filled
generic ‘real world’ data capture applications whilfteing ©out. All possible options foshape,colour and direction are
sufficiently simple to allow controbver experimental design. displayed in the dat@ntry form by way of labelled ‘radio
Evaluation of the interface was based aampletion time and buttons’.

task completion accuracy. Report entry and cursor control for target acquisition were carried

In addition to the main taskarying degrees of workloastress ~out via the three input devices. It was intendeat each input
were provided to the experimental subjects by a way of a mentdievice would be used in an appropriate fashion. The trackball
was used as standard, with selection by device buttons. Data was



entered by selecting the individual radio buttons on the displagased working environment provided an event driven dialogue
The‘Zoom in’ commandwas selected via thé&/indow display’s management system to conttioé overall interface, lending itself

button. to a multi-modal interface with simultaneous inputs.
= Repor Sereen -
— . s NW N NE The target shapes and their properties were decideddndam
O sme O - number generator. Data on target types and operation timings
O Triangle Oaren O3 South were stored directly to computer hatigk. In additionfor ASR
Ogircle OYellow Deast We=— =—E input, therecognised words were stored ath@ inputspeech
Opomagn - Cote Fes {1\ signal recorded to allow a measure of t#&SR device
SW S SE performance itself.
= — e The speech recognition device used was basethetSpeech
E Research Unit'sAURIX’ rapid prototyping tool [R.W.Series,
D O 1994]. The central processor unit runs a sub-word hididiankov
B model based,fully continuous, connected word recognition
< <ﬁ algorithm. The modelset used wasomposed by extracting
— suitable context sensitiveub-wordunits, using a decision tree
method, from alarge data-set trained on a large speaker,

Figure 1. Screen display forarget acquisition task. Dagntry phonetically balanced corpus. This speaker independent and task

form is shown at the top left. The compass rose is for referencelfiffépendent modedet, intendedor rapid prototyping, limited
the report filling section. the maximum performance dhe ASR device. Thevocabulary

was constrained using a finite state syntax.
For target acquisition,the function keys providedspeed o )
increments in the selected direction, diagomalvement being The hand-held mini-trackball used comprised ball of
allowed. The target was selected by pressing a central key. AgProximately 8mnset in a squarbox of approximately 3cm to
with many keybased interfaces, tHecus ofthe interface jumps 2 S|d§.Two buttons, _placed to the_left and right of the ball, were
to relevant options. After target selectiche focusjumps to the Supplied for selection. The device was procuredrom a
‘Zoom in’ button requiringonly asingle ‘entry’ key to proceed. commercial source.
Selection of entries in the data form was by ‘tabbing’ftiteis of
the display between fields and selecting the degiptihn using
the ‘select’ key.

The function keys used werefrom the main PCkeyboard,
comprising an offseMaltese cross, with up as ‘Tgown as
either V' or ‘B’ ( to facilitate left or right hand operation) ‘F’ as
ASR control ofthe cursor inthe acquisition task was by the Ift, ‘H’ as right and ‘G’ as enter/select. A mask was provided to
spoken vocabulaiUp”, “Down”, “Left”, “Right”;  providing ~cover all the remaining keyboard keys. Key strokes were captured
directional speed increments. Target selection was by tR¥ the controling GUIDE application and processed by the
vocabulary word'Select”. After selectiononly the spokerword ~ dialogue management  system to providae relevant
pair “Zoom in” was available. Dataentry was carried out by functionality.

speaking the relevant data field names. lghguage model . "

allowed two modes of data entry, either diractess to anfield, 2.3. Experimental Conditions

or selection of a data group followed by a field in that group. Six subjects took part in the experiments with two others used for

Workload tothe subjects waprovided by a mental arithmetic initial trials. One input device was trialled per day, with the order
task played aurally duringthe trials. Mathematicaproblems randomised. All subjects were classed as expert, rather than
were providedevery five seconds, comprisirgmple addition naive users. Fivirials were carrieaut per input, with the order
and subtractiofirom a givenstarting point. At various points in Of workloads being varied. Within eathal, the subjectsvere
the task, the subjects were required to protgecurrent total to fequired to carry out six acquisition and report entry tasks.
ensure that thevorkloadtask was being carried out. Three level
of workload were trialled; no workload, medium workloabich
involved mathematical problems without carryingdigits (i.e.
total between 0 and 9) and high workload which require
mathematical problems with a carry (total between 0 and 19).
The mathematical problems uséal the workload task were

2.2. Experimental Implementation played from a pre-recordeBAT tape. After validation of the

. ) ) . maths task, the subject was prompted with ¢bgect running
The experimental env_lronment described abov_e was |mplementt%qla| and the triatontinued. There were no pauses during the
on an IBM compatiblepersonal computer irthe GUIDE a5 without theworkload task. The mathematicgroblems

environment [B.A.Mellor, M.J. Tomlinson andN.J. Coleman, ere presented via far-field speakers rather than headphones.
1995]; a tool-kit of Microsoft Visual Basic routines intended to

allow rapid prototyping of multi-modal interface§.he window

SThe experimental trials were carried out in a soundproodeth.

Subjects were placed sufficiently close tbhe screen that

legibility was not in question and witkasy access tihe input
evices used.



The use of a SURE SM10 microphone as input toMBR device
minimised pickup from the prompts.

degradation of performance with workload appédess than for
the other inputs. This iprobably due both to thenitial low
performance and a failure to manage workload task. It was

Before and aftethe experiments, the subjects were questiom:“&enerally foundhat the rehearsahechanisms used to maintain

on their subjective evaluation of the input devicalipwing
comparison tests of overall preferences [C.J. Tunley, 1995].

3. RESULTS

3.1. Objective PerformanceMeasures

Several objective measures of performance were availadste
the trials. These included time ¢ompletion ofthe whole task,
time to completion of eactask sub-componente.g. acquisition,
zoom-inand reporting)accuracy ofthe data entryaccuracy in

the workloadtask running total interfered with the speech input
mode more than the other inputs.

Most subjects used a combination of speech and trackball inputs
in the mixed input experiment. It is clear that using the trackball
to aid in the target acquisition provides a significant improvement
in performance ovethe use ofASR in isolation, but does not
match the performance of trackball input for report entry.

Figure 2 showshe variation of taskcompletion time against
speech recogniser word accuracy, fal three workload

completion of the mathematical workload task and ASR accurac§onditions. The plot showthat, predictably, the taskompletion

Tables 1, 2 and 3 below summartbe key performanceriteria
of task completion time andask accuracy forthe trialsfor all
subjects and workloads.

Input All No Medium High

Device | Workload | Workload | Workload | Workload

ASR 7.1 6.4 11.5 8.7
Keypad 0.84 0.7 0 2.0
Trackball 1.4 1.3 2.0 1.4
Mixture 7.1 4.8 4.6 4.2

Table 1. Summary ofreport entry errorates. Values araverage
percentage error rate over all trials for all subjects.

Input All No Medium High
Device Workload | Workload | Workload | Workload
ASR 27+15 sec 2415 s 3%11s 3516 s
Keypad 1446 s 123 s 167 s 2&7s
Trackball 12+3 s 1#2s 133s 155 s
Mixture 136 s 1#4 s 155s 28 s

Table 2. Summary oftask completion timedor the entire task,
times averaged over all speakers over all trials.

Input All No Medium High
Device Workload | Workload | Workload | Workload
ASR 14+10 s 1212 s 136 s 1689 s
Keypad 9+3 s 8&2s 1@2s 14 s
Trackball 94 s &2 s 1#5s 135s
Mixture 945 s 83 s 1#5s 139 s

Table 3. Summary oftaskcompletion timedor the report filling
task, averaged over all speakers over all trials.

Based on completion time ardcuracy, it can beeen that the
trackball provided the highest overall performance. This

times decrease with increasid@R performanceThe variation
of performance is high, both between and within subjects.
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Figure 2. Scatter plot of whole taskompletion times against
ASR percentage wordcaccuracy foreach workload level, low
medium and high.

3.3. Subjective Results

Subjectively,the trackball proved the preferred inplevice for
target acquisition, which was expectinl a spatial positioning
task. Thekeypad was generally preferreser ASR control for
target acquisition especially when ASR performance was poor.

For report filling, most subjectatedASR asthe preferred input
device followed bythe trackball.Keypad controlwas preferred
over trackball entry, possibly due tibe highly structured menu
design. The preferender ASR held even ifthe performance of
the ASR device was poor.

superiority was dominated by the target acquisition phase, as ¥ subjects reportedhat theworkload task did not provide a
report filling task indicates that theeypad was both quicker and significant problem unless an error occurred, at which point, the
more accuratéhan the trackball at alWworkloads. It is clear that extra requirementfior error spotting andecoveryled to a rapid

for a complextask, thechoice of optimal interface devicesll
depend heavily on all the styles of interaction required.

ASR providedthe lowestperformance interface, @esult which

breakdown in overall performance. This affecttd ASR more
seriously than the other input modes.

It was noticedthat the increase iworkload affectedhe report

was dominated byery variable recognition performance. Thefilling task more than the acquisition taslor all input modes.



This could be due to thmoretextual demands of tiferm filing ~ Fromthe results of th&€PA modelling, we can suggestat this
task compared tothe spatial manipulation task of targetapproach to interface modelling shows promise aiildl be
acquisition. developed further to investigate more complex interfaces.

4. CPA MODELLING 5. ASR PERFORMANCE REQUIREMENT

As more complexand demanding multi-modalcomputer Observing Figure 2, it is obvioubhat the ASR word accuracy
interfaces are developed, the requirenfenta suitable interface strongly affectghe overallperformance othe interfaceGiven
modelling paradigm becomes increasingly obvious. Ideally, suthe time tocompletion forthe other inputs, th&SR accuracy

a model wouldake atomic performance figures frothe human required to provide equivalent performance can be estimated.
factors literature and predict relevamerformance metrics for For thesetrials, thiscorrespond to an ASR word accuracy, over
given interface designs for a computer applicatibimis should the whole trial, of 94%without workload, and 84% withigh

be extensible to allow prediction of variations in performance dugorkload. Thisatterfigure is dominated by user error anence

to environmental factors, such as vibration (which will degrada realistic figure would be higher thalis. Thesefigures have
use ofkeyboard entryand visual displays), noise (which will not yetbeen implemented in thePA model ofthe interface to
degrade speech input and output) ammhds-busy operation confirm the performance gain.

(which would mitigate against use of a mouse or keyboard).

An approach to such interface modelling has been attempted 6. SUMMARY

using a critical path analysis approach. #a task described in An investigation of various interfaces to a generic computer
this paper, a sequence of interface events was identifiedg application have been carried out. In general, an interface
with competing eventsrom the workload task. The time to comprising a hancheld trackball wasfound to provide the
completion for each atomic evewntas takenfrom either open highest overall performance. A function keypad provided higher
literature orfrom previousresearch e.g. [B.A. Melloand C. performance in a structured report fillingsk, but was less
O’Connor, 1995]. efficient at a spatial positioning taskRSR providing a speech
mode ofinput wasfound to be subjectively popular amongst the
trial subjects but provided the lowest actual interface
performance. Using a trackball in conjunction witBR provided
higher performancehan for speechinput alone. It is expected
that if the ASR recognition word accuracy could be improved
from an averag@4% to around 94%, on the tagticabulary, the
ASR could provide arequivalent performance tthe manual

Use of thismodel to predicthe performance othe overall task
using the trackball, withoutorkload stress, predicted a time to
completion 0f13.2 secondg;ompared tdhe actual value of 13.2
+3.1 seconds. A®\SR accuracywill affect overall completion
times, Table 4 shows predicted tinfes various accuracies. In
the trials, the meanverall timefor task completion with ASR
was measured at 3471 seconds with an average waturacy

of 74+ 20%. mode inputs.
ASR Accuracy Predicted completion A critical path analysis approach to interface modelling has been
(Y%wi/a) time (secs) shown to provide good approximation to the actual results
60 31.8 suggestinghat thisapproachmay hold benefitsfor modelling of
70 31.1 future, novel man machine interfaces.
80 30.4
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