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·.xecutive Summary 

This document pre nts the findin a <; of Cl voice technolo J' V 1) study that evaluated the 
potential of a speech-to-text and ic recognition system to support an Airway Facilities (AF) 
maintenance task. AC -5 0 elected an Air Traffic Con 01 ~eacon Interrogater ( T B1)-5 
antenna alig ent proceduIe as the focus of this study. Rcscar hers conducted the te -t at an 
Airport SUI dlanc\.: R21d· R)- site at the William J Hugh -s e hnical ecote -, Thirteen 
AF spe ialists completed the procedure twice, once with the VT system and again with a paper 
version of the mainte anCe manual. Researchers counterbalanced the (rder of presentation with 
half of the participants using the paper manual (P.1) first and the ot leI half starlin:r ith the 
system. 

The results showed no differences in tal k completion time or workload, suogesling that the VT 
system was no more time C :1sun ing or difficult to us than a traditional PM. Th' voice 
recognition rate wa' 86.6%. Questionnaire responses showed that u. ers found the VT system 
understandabl ,easy to control and ponsive to voice com mmds.When asked t c( mare VT 
to the use of a P 1 for he T 31-5 maintenance procedur , study participants indicated that the 
VT system made the AT BJ-5 task sicr to perform, was more effici nt and dfcctive than a 
PM, and would be b Uer for hand ing large amounts of le Imical inforruatio 1. 

Researchers cone uded that this sludy r "ulted in a successful demon ·tration f V' . for the 
ATCBl-5 maintenance procedure. hey obtained positive responses from the partici ating AF 
specialist" ev~n with their lac' f familiarity it1l the VT sy 'tern. Su-ro'estions for improving 
the inteJligibility of the speech output and u cr interface were m de. It was recommended that 
further, mor ' ensive st di s shoulJ be conducted using VT systems in a wider variety of F 
environment 2Uld tasks. 
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1.	 Introduction 

1.1 

Voice technology (VT) aHa ompukr systems to ree )gn'zc speech input and create 
output in spoken form. h Ft:deraJ /\.viatiotl d inistrat.ion (FAA) is lnleres~ed ill 
expla ing the potenti.. l of T for in rea ing th - effi i n y all . ef:f 'c1lv 11e~s of Airw' t 

FaciJitie (M) system s ecialists in fi id scHin . Accordingly, A T-5 conducl d a 
reS arc program to evaluat yst m incar 0 atin voice recognition and s "nthesis 
apahilitics to support a realistic maintr ( nee tao k, 

This test repOlt describ.' fi as' bility 'ludyconduct d at the W'lliam J. Hughes 
l'cchnical enter in 'ecembel] 996. Tb t t plan incorporated the results afthe Voice 
Technology Literature Survey (MacMillan & GeHy, 1(96), 'hich helped i entify where 
VT could be best applied in th AF environmenl. 

T-530 chose he 'f traffic control hc;ac n illter ogat r (A B1)-- antenna 
Lrallsmissio 1 sy, tern ell. ck as a suilabk task lor evalu,tling a proh ly e V :-;ySlem. To 
com ld '1, the spe -iallst follows a pre!'icribe i . ep-by-step proce ur" t lest pat meter 
v.J les, consulting a echnical m~nual r r direcllons. \\111"1 'l'orki'1. the F sy.sl- m 
specialist nee s information L t the sam Lime as bein octupiu with I okin cr 'IL and 
conLroliin [est .quipm nt. A VT system. which an deliver sp ken insLructi ns 
controlled b. simple voice commant.ls, could pot ntially alia the pecialist to continue 
with the ta k v ithout having to luok at 0 mani ulatc written materials. Previous research 
indicated that VT has bel.::n LS ful i Gnvironments \vhcr-- there are h avy visual and 
manual dexterity demand.':> sut;b as 0 hid assembl ..' lines (Mat ·1ill' & Getty, 1996). 

1.2 Objective 

The purpose of Ihis study was to evaluate tl· pot nbal of computer-based voice 
production and recognition tt.:chno! gy in the AF opel', tional environment. The 
following specific questions were po. ed: 

I.	 Does the use of VT to complete tl ATCBI-5 antenna, lignment procedure result in 
an improvement in task completion tim Or subjectiv~ w rkload? 

2.	 Do AF specialists find VT acceptable for use in the maintenance environment? 

.,	 
Are the current capabiJities of VT suft1cient to support the ATCBI-5 antenna 
alignment procedure based on the intelligibility of the voice output and reliability of 
the voice recognition software? 



2. Technical Approach 

2.1 Voice Technologv System 

Researchers created an interactive VT system using commercial off-the-shelf (COTS) 
technology. This system supplied spoken instructions for the ATCBI-5 antenna 
alignment task while responding to navigational voice commands. The VT software and 
hardware were installed in a Gateway 2000, 120 MHz Pentium laptop computer, which 
incorporated a Soundblaster sound card and DragonDictate (1995) voice recognition 
software. A Text-to-Speech Software Developmenf Kif Version 2.00 (1995) provided the 
text-to-speech function. Voice output and input were provided by a headset with an 
integ.ral, directional microphone. 1be experiment developers drew ATCBI-5 instructions 
for the VT system and paper manual (PM) from lC FAA publication entitled 
Maintenance ufAir Traffic Control Beacon Interrogator (ATCBl}-5 Equipment and 
Mode-S Collocated lvith Solid-State Radar Beacon Decoder (SSRBD) (FAA, 1989). The 
text of the instructions was typed into the computer and is in Appendix A Available 
voice commands for the VT system are in Appendix B. 

2.2 Study Setting 

The ATCBI-5 system was located at an Airport Surveillance Rada.r (ASR)-9 site on the 
grounds ofth William J. Hughes Technical Center. The experiment staff moved the 
ATCBI-5 system into an outer equipment room in the ASR-9 building to reduce the 
effects of background noise. The test required a power meter, directional coupler, 
oscilloscope, crystal detector, and 50-01un tenninations. Tables, equipment dollies, and 
power cords were also provided. 

The experiment staff positioned a VHS video recorder on a tripod to record the 
participant's activities during evaluation trials. A mixer enabled sound recordings of both 
the participant s vocalizations and the computer voice output on the videotape. 

3. Methods 

ACT-530 employed the following approach for this experiment. 

3.1 Participants 

An AF SUbject matter expert (SME) recruited 13 AF maintenance specialists for the 
study. The specialists completed a Background Questionnaire that identified years in 
current position and familiarity with the ATCBI-5. There were 9 men and 4 women in 
the participant group. One participant's data were randomly removed from the data sets 
for some of tte analyses to pennit balanced comparisons. 
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Average number of years in current position for the thirteen articipants was 9.6 (the 
range was from 2.5 lo 22 years).) 1 but Uucc participants were certified on the ATCBI
5, alt.houg 1 aU had received training on and had work -d with the equipment. The avera -'-e 
amount. f im since last completing the ATCI31-5 proc dure was 1.8 years (with a range 
fr m a few days lo 6 years). On av raoe, the articipants used a personal compu er 7.1 
hour per week (with a range f 0 to 15 hours). Only ne specialisl had an previ u 
experience wilh VT apart r m the public t lepho e system. 

At th . SR-9 ~dc a study director T devel per and AF~ME n ted tlu; 
experiment eSSlQns. technician from the Research Develo ment and ~luman -actors 
Laboratory (RD < L et up the video recording equipment. 

3. Briefing 

Pard 'pant arrive at dil" ren tim " dming the 10-d ya sessment pe ·oct. ~ach H U 

met at the RDB L, and the rescarc 1 staff gave a briefing on lhe goals of the study. The 
s aff ClTlswered qu tions. r '-ded individualized schedules, nd istributed the 
Bae: Jround ll('Sli nnai e. They informe ]1 r1icipants lhat th iT coopcrati n was 
volunlary and thal they c ul \:vithdraw from the l l at any ti c. RL;scar hcr- kept 
par(j ipant i entities strictly confid .ntjal by assi ning each a llU _bel' to label 
que iOilllaire and fon '. Participants attended the VT evaluation at th . AS -9 site. 
T y so took part in other demonstr~tionsand valuations being conducted at the 
RDl[ L. 

3.3 Test CSl n 

The study used a within-subje design with maintenance procedure presentation method 
as the inc ependent variable. There were two conditions, VT and PM. J the VT 
condition, parti ipants used the laptop computer with voice inpuUoutput capabilities to 
accomplish the maintenance task. In the PM condition, they used a printed booklet to 
complete the ATCBI-5 maintenance procedure. 

For the VT condition, the user wore the headset, and the computer speech synthesis 
software spoke the technical manual text through the earphone. The user's voice 
commands controlled the system through the headset microphone. No text maintenance 
materials were available to the participant during this condition. The malntenance 
procedures were equivalent for the two conditions. 

Researchers divided the participants into two groups. Group A perfonned the PM test 
condition first. while Group B worked the VT condition first. Researchers provided 
partlcipants with schedules indicating the time for their test run. One participant at a time 
completed each test session and experienced both experimental conditions. 

I Some participants had been with the FAA longer than the time stated, but the question only addressed the 
current position. 
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After a general orientation, researchers ~ave each participant from Group A a brief 
introduction to the PM part of the test and mentioned that the VT condition would follow. 
The study director requested that no questions be asked during the trial unless it appeared 
that there was a problem with the test procedure or equi,pment. In such cases, the 
experiment staff assisted the participant but kept the intervention as brief as possible. 

Following the introduction, the study director checked that all equipment was ready for 
the test trial. The participant started the experiment by reviewing the paper maintenance 
manual without completing any of the tasks. The stafftumed on the video cam ra before 
the trial began and recorded the activities and vocalizations of the participant. Start and 
stop times and any problems or errors encountered were also recorded. .lZ~searchers 

asked the participant to fill out a Workload Questionnaire after completing the trial. 

Following a short break, the VT condition began. The participant trained the system 011 a 
limited vocabulary set and used it to complete a preliminary review of the maintenance 
procedure. Ensuring that the ATCBI-5 and voice equipment were at a baseline 
configuration, the study director then activated the video recorder, and the session began. 
Participants completed workload and other questionnaires at the end of the trial. 

Table I shows the Group A timetable. The Group B test involved a reversal of the VT 
and PM condijons so that participants experienced VT flrst. Scheduling of Group A or B 
participants was altemated between morning and afternoon sessions each day. 

Table 1. Experiment Timetable 

I 

uration 
(min) ! 

Activity 

10 Introduction to PM 

45 Maintenance Procedure 

15 Questionnaires 

15 Break 

10 Introduction to VT 

30 Voice Recognition Training 
I 

45 Maintenance Procedure 

I 

20 
I 

Questionnaires 
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3.4 Data ollection 

The foUowing sections depict dep"ndent me sures 0 111 r st. 

Research staff used a Radio Shack Sound evel Meter (Mod I umbt::r 33-2055) to take 
sound lev 1measurements in the outcr equipment room. his was to establish a bas line 
for comparisons to other A.F in tallation<;:. 

The r :' ~archers measured the lime for each partidp H to complele the test procedure 
from th start si n·t! to t: com 1~ti n of the final sl p. he j. plOp computer recorded 
the onSd of voice-tri Jgered conunands and duration f each maintena c step. It kept 
track of repeated steps and returns to previous steps. T le laptop computer wa . ''llso used 
by the study director to record t e Lim s of ach step f the PM condition. 

3.4.3 Workload 

Participants recordc th, ir perceiv d '\orkload alter each rWl u ing tl-}e National 
Aeronautics und Space Administratinn l:lsk load Index (NASA-' LX) rorm (Hart & 

ravel nd, 1988). 

Re' archers initially had intended to count' he number of rrors rna in the procedure. 
How f, they decided that th's \ a- not rracticu b au'c it "vas n t po sible to eliably 
attribute rrors to specific causes. T,,\o ol.h~r po. ~i Ie measur 0 th P rfonnance of the 

,:ystem wcr to count (a) r:·tu s t) a pre Ii us ste ,un (b) lh nu b r of I1ml;s 
participants reques ed a repeat sle to r play an in truction on the T sy."[em. Ret~ad'ng 

reps may have been related to problem 'th thod of pr ,.:ental' on. 

Although researchers kept a record of r turns to a previous st p for both conditions, they 
could not determine if participants re-r . d an instruction page in the PM condition (the 
equivalent of a repeat step in the T sys1e ). Therefore, they analyzed only the return to 
previous step data. 

3.4.5 Voice Reco nition Rate 

Researchers determined the recognjti on rate of the VT system by calculating the number 
of times it failed to respond to a voice command, misidentified a command. or reacted to 
sounds or vocalizations that were not intended as commands. They captured these on 
videotape in the VT condition only. 
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M.6 ubjective Evaluatipll 

Subjective data were gathered using 

a.	 a Speech R cognition y em Questionnaire giv n at the end of the VT condition, 

b.	 a Usability QuestiorU1aire (comparing the PM and V 1 conditions) given to each 
participant at the en of each test run, and 

c.	 a Debd fing Questionnaire with open-ended items given at the end of each run. 

4:_R ul1 

4.1 Data Reduction 

Research staff extracted to al completion time and number of steps from the laptop 
cumputer records. They then completed videotape cmaiysi. to determine the 'oice 
recognition error rate for the V systm. All other data (except for sound mto<1sUremenL') 

were gathered from questionnaire re:ponses and participant debriefings. T \,; data for om: 
su ject who experienced the VT 'ystem second were rand mly removed from II data 
sets involving PM ver I VT comparison to permit a bal" ced analysis (equal numbers 
in the PM and V first groups). 

4.2 lind Level 

The sound level in the t8st area rang d from 54 to 70 dBA. (Typical speech is about 
60-70 dB.) Thi. represents a relatively low level of environmental noise. However, AF 
syst m specialists reported that they conduct many maintenance procedures under much 
noisier conditions. Infonnal tests of the VT system sug es~ d that it may function well in 
a noisier environment. 

There was a strong practice elf ct evident in the reponse time data. It took nearly twice 
as long for participants to complete their first [un t.tuou:rh the ATCBI-5 maintenance 
procedure (trial one, M = 887 sec. SD = 223 sec and trial two, M = 499 sec, SD = 194 
sec), irrespective of whether the VT or PM condition came first. This was probably due 
to the level of unfamiliarity that some participants shovv'ed with the procedure. The 
experimental design incorporated counterbalancing of the order of presentation to 
compensate for this effect. Six participants experienced the VT condition first and seven 
were given the PM condition first. When the data were analyzed on this basis (with one 
subject removed), the means for completion time were VT, M = 665 sec, SD = 222 sec 
and PM, M = 722 sec, SD = 343 sec. A t test revealed no significant difference between 
the two times, t(ll) = -0.43, P = .6782. This shows that VT was no more time consuming 
than the PM to complete the maintenance task. 
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4.4 Workload 

Part ofthe ASA-TLX workl ad valuation pro ess required users to weight six 
componen of w rkload In order of importance. . he AF system speciali ts informed us 
that the order a he factors (from most to least critical) was: P rform. ce, Mental 
Dl:mand, T mpo a D mand. Effort P ysical Demand. and Frustra ion. 

searchers compared workload ratinos for the 'T and PM c nditions 0.11 each N 
T X sib-scale and for over I w' rkload (as ho 'n in l'igure 1). T ley found that ther 
w re no tatistically sig11i 1 ant difference between th condo ions on any of the scale.:. 
Av rage workload f he T condition wa M= 5. _, D - ._, and M= 5.3, SD;:; 0.95 
r rthe-P conditionl] =e,-r mdylowan lO'-e,'tre ely 'gh). This indicates lat 
wor load for ompletillg tile A CBI-5 anlenn aLi om nt pr cedur was ill the moderate 
rang. 

7 I 

PClkam nr::l3 

5.2 5:1 53 

~IIMBt'1Ia1 
D ....~d 

Category 

Figure 1. NASA-task load index workload ratings. 

Most other - LX ub-scale ratings were also in the moderate range with lowest 
ratings for physical and temporal demand. Self-rated performance (as defined by success 
and satisi'llction in performin the task) for the VT condition was M = 7.3, SD = 2.1 and 
M = 8.1, SD = 1.7 for the PM condition (out of a possible 10), suggesting that participants 
felt generally satisfied with their performance of the maintenance task under both test 
conditions. 
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4.5 Perfonnance 

In the VT condition, participants requested that the system go back at least one step nine 
times. In the PM condition, they turned back one or more pages 34 times. It is unclear 
why there was such a large disparity. Ti. may be that thl: VT system allowed for improved 
comprehen.sion of the instructions as compared to the PM condition, requiring less 
searching for information. On the other hand, users may have found it easier to page 
back through the PM and, therefore, did so more often. 

Researchers completed an analysis of the voice rec gnition errors made by the VT system 
to determine the recognition rate 01" the systerl'1. They scp ated errors into no response, 
incorrect r sponse, wrong conunand, and wron mode.1 'uccessful voice rece unition 
rates for individual participants varied rom 75% to 100% with an a eragc SUCCeSS rate of 
86.6%.' 

A breakdown of the error data showed that the "go to sle p" and "wa!< up" cornman Is 
accounted for 40.6% of the "no" or "incorrect" response recognition rrors. A further 
3 .4% were attributed to the most frequently used navigational commands "continue 
and "yes. -, Apart from legitimate commands that resulted in no response or an incorrect 
response from the system, 21 % of errors occurred because the system was in the wrong 
mode. Either it was in a «sleep" mode and the user was trying to activate an unavailable 
action without first saying "wake up." or it had reverted to dictate mode where the normal 
commands were not valid. 

4.7 Sub'ective Data 

Researchers gave a Voice Technology System Questionnaire to participants immediately 
after their experience with the VT system. It posed the following questions, to whicb the 
participants agreed or disagreed on a 5 point scale (l = trongly disagree and 5 - .'Strongly 
agree): 

1.	 I preferred to hear rather than read instructions while I was performing the antenna 
transmission system check, 

2.	 Ii earing rather than reading the instructions all0 v,' cl me to complete the system ch ck 
more easily. 

3.	 Hearing rather than reading the instructions allow d me to camp tc the syst m deck 
more quickly. 

2 The researchers did not include wrong command and WTong mode errors in the primary error analysis.
 
They did not consider the use of incorrect commands by specialists as recognition errors. Wrong mode
 
data were analyzed separately.
 
J Success Rate = (Correct Responses/(Correct Responses + No Responses + Incorrect Responses» * 100%
 

8
 



4.	 I found the voice output of the syst m to be under tandable. 

5,	 J found i asy to control system throue.rh speech com lands. 

6.	 The system recognized my commands. 

7.	 I would us sp ken-instruction s stem fo pe] di ~ maintenance ta ks 'fit was 
available. 

Fi llre sho 'S he results of the participants' ra ing '. Rati gs r above (a neu! at 
r spa ,t nding to ff 'or he V' 'le . xce I for q e5tion 3. Me s and standrml 
deviations are found in Table 2, 

The resul showl;;\d that the specialists found the V spe eh output understandable, They 
also indicat d t,. at the system was easy to conlro using speech commands and recognized 
inslTuctions reliably. There \ ere also indica ions that h arin rather than readin~ 

instructions allowed an easier completion of I e sy tem te.• i::Ul that 'peciaJi-'ts would u c 
such a system for maintenance tasks if It \ as avaibb e. Participants did not show a 
pref< rence for hearing rather than rending inslruc ions. and they su g ed that the VT 
system migh b httL slO\\I'r D r completing llC. TCBI-5 procedure. 

$lrOflgly 5 

Agf e 

2 

Slrongly 1 

O:sagree 

I

.......
,...-  .-- 

~ -
l

e-

I e-

I 

I 

~ 

. 

Figure 2. Responses to the voice technology system questionnaire, 
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Table 2. Statistics for Voice Technology System Questionnaire 

Que non an 'tandard eviation 

1 3.3 1.2 

2 3.7 1.3 

3 3.0 1.3 

4 3.7 1.2 

5 3.3 4.0 

6 4.3 0.8 

7 3.8 1.5 

At the end of each se'sion, parti i ants filled out a Usability Questionnaire that requested 
a comparison between the Tau PM options on the follo\,ving questions (using a 
5-point scale with I = PM and 5 - VI} 

1.	 With regard to the ease of perronni em antenna transmission system check 
procedure, which method do you prefer? 

2.	 \Vilh regard to t/11..: eniciency (time an,! actions) of completing the procedure, which 
method do you prefer? 

3.	 With regard to t11 clarity of the instructions, which method do you prefer? 

4.	 With rc ard to the ease of findinb the information needed, which method do you 
prefer? 

5.	 If you made a mistake in the procedun:. which method made it easier to recove···.) 

6.	 Overall, which method was most effective in helping you to complete the ATCBf-5 
maintenance procedure? 

7.	 Which method would be most efficient for handling the large amounts of technical 
information needed to support maintenance procedures? 
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Figure 3 shows the results of the partici ants' ratings. Ratings were above 3 (a neutral 
response in favor oftbc VT ystem. except for questions 3 and 4. he n ans al1d 
standard deviations for each question are shown in Table 3, 

Participants preferred th VT s Isle 1 for ease of p rfol'miB~ the A CBI-5 procedure and 
found it to be more fficient and effective than the PM for tllis tas . They also thought 
that it wou d be mor effectiv than a PM fo handling lar e amounts of technical 
infonnation. hey tended to ppfer th PM for ease of finding infonnation. There was no 
strong pr [c.nc 'or clarity 0 instructions and ease of recoverin fr tn mistakes. 
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Table 3. Statistics for Usability Questionnaire 

Question Mean Sta.odar e i:.lttioD-

3.61 1.1 

2 3.8 1.3 

2.8 1.33 

2.54 1.5 

- ..03.3 

4.06 1.1 

4.07 1.3 

Researchers asked participants to make comments about 111 VT ystem in a final 
Debriefing Questionnaire. Tb questions with a summary of com cnts are listed below. 
(Comments from the Voice Technology System and Usability Questionnaire are also 
included.) 

1. Overall, did you find the voicE' system useful? 

Participant responses to the system were very favorable. Eleven specialist, answ red 
"ye 'to this question. One found the sy t m "somewhm" useful, and another did not 
like it. 

2. What was most useful about the system? 

Some participants liked the abilit Lo start, stop, and repeat procedures and mentioned 
the ease and flexibility of the system. One Us 'r thought the VT system made 
instructions easier to intefpr~t. There were many comments ab ur the advantage of 
having hands and ey s free. With he VT system th nlaj tenance procedure can be 
completed while listening to the instructions rather than r ading and then doing. n 
participant said that although th manual was still necessary for in-depth ex lanation 
of maintenance procedures, he was impre - 'ed by and preferred the T syst IlL 

Another veteran specialisf thought that the voice method was twice as fat. Several 
felt the VT system permitted better concentration on the ta..k and equip ent because 
no reading was required. One participant said that hearing the instructions would be 
preferred if one was very familiar with tll. test procedure. Reading might be better 
while learning. 
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3.	 What was least useful about the system? 

'_ even participants did not have any criticisms. HI;; .scr (the specialist who answered 
no a question]) found the system v cumbersom, nd pr f,'rred the PM. Anoth 
wrole that commands had to be repeated too often. Tbe heads t cable was cited os a 
problem in that it tended to il11p~de mobilit , Dthe' concems erc that the Wi r must 
liste carefully, that training and learning to i.l e lhe system ight be a probkm, and 
nk t u ing the sy tel was dL fiicult. • 01l1e obs rved hat if ome sp (.; h outp t 

mis ed on the VT ystem, th whole segment had t I repeated as opposed to r 
r a ing just tl,' t section' P.1. On p~cialist prefi ned the PM ecaus he tho g.ht 
it v 'auld be fru trating t Drmulate th ri ht qu Ii 11 for the VT sy.'tem to obtain a 
particular solutian. 

4.	 Do you ha '-- suggestions f r improving the voice system? 

C'nc specialis sugaested havi n r more diagrams and graphics on the rc t1 tu. pport 
thl.": pwcedur l;ZV ral us rs requested improved control over the voice 0 put f r 
sp d, fr quencY,ortype fvoice. Thcr~ was s me di, 'ussion of us in a igi iz d 
human voicc. Two participant rcpo eli partial hearing oss an sugg stet that more 
control over the voic output might hav~ h lp d the adapt the syst m to h.... ir 
(:lpabilities. An infrar d head· ""t wa· uggs e as a way to frer;o the user Crom cables 

connecte to the computer. . hea e wi h two lefldph s might help to re<..luCL: lhe 
efTects or hackground n )ise. The ability 10 go hac' more th, n ODe step al a timc in 
the procedure and an autom'l'- c g ) to s1 cp· unction betvvc ~n st ps wa 'ug rested. 
The ~o to 'leep function sJ10uld hay an a di ory ::ldmow edgmern k. lUre s that 
looking at thl: set'cn is not neet: 's.rl.l}'. Induding the printe{ manual text on the screer 
of the VT y tern would allow the U 'l:r to quickl. look at the information and skip 
ahead more quickly, ifdesired. Some ability to adapt the s~ stem for expert users who 
do not need to read or hear all the instructions may also b needed. 

5.	 What is the most difficult thin' about performin" a periodic maintenance procedure 
such as an antenna transmission system check? 

The specialists mentioned 

a.	 going back and forth to the book while having to leave the equipment, 

b.	 setting up test equipment and carrying it to the location to perfonn the task, 

c,	 lack of explicit directions, 

d,	 climbing up and down ladders to read the book, 

e.	 manipulating test equipment, 

f.	 calculating the voltage standing wave ratio, 
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g.	 measuring pulse width, and 

h.	 knowin what to do and then making sure that the measurements taken are within 
toleranc s. 

5.	 COl1clus'ons 

In this section, we review and interpret the results of the study concerning the thJee 
specific questions posed in Section 1.2. 

1.	 Does the use ofVT to complete the ATCBI-S antenna alignment procedure result in 
an improvelnent in task completion time or subjective workload? 

The task completion time and workload data did not show any statistically significant 
differences between the VT and PM conditions. Workload was in the moderate range 
for the completion of the maint 'nance procedure, and participants sL;cmed satisfied 
with their work in both the 'T ancl PM conditions as shown by their high scores on 
the NASA-TLX perform'lnce scale. 

The finding of no performance time or workload differences is n positive result given 
that e had just introduced (h" participants to the VI ystem. he use of VT for the 
ATCBI-5 procedure was apparently no more time consuming or difficult than using: a 
PM. Questionnaire respons .~ [""barding VT showed an overall positive response wilh 
ill ntion of s veral specific advantages, pal1iculad. 1 wilh r~ ard to having their hands 
frcl:. 

To reduce the c fL: ts of the relative unfam 'liaJity of p clalists with the chosen AF 
task, future studies should include additional practice before the first run of the 
expt: "im nt. This will help reduc any Iearnin'" or refamiliarization that may occur a:s 
they arc fir.·t exposed to the maint nance procedure. While the counterbalancing 
strategy used in this study was effective for neutralizing th effect of practice 011 the 
results, additional preliminary training would help ensure b Uer control over this 
potentially confounding factor. 

2.	 Do t.l :;pecialists find VT acceptable for use in the maintenance environment? 

Participant questionnaire responses to lht: VT system were generally positive. They 
found the VI system easy to control, thought that it recognized their commands 
adl.~quately, and said they would use such a system, if available, for maintenance 
tasks. When asked to compaJe the VT and PM options for use in the ATCBI-5 
maintenance procedure, specialists indicated that the VT system was more efficient 
and effective and better for handling large amounts oftechnical information. Written 
responses were also positive with 11 of the 13 participants indicating they found the 
system useful. The primary advantage stated was the ability to work with hands and 
eyes free, a frequently mentioned benefit of VT systems used in other environments 
(MacMillan & Getty, 1996). It could be expected that acceptance of the system 
would improve even further with modifications to the quality of the voice output, 
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incorporation of a wireless headphone and microphone system, interface 
improvements, and other features. 

It is uncertain why specialists paged back more frequ I1t y using the PM. Without 
furth r information on th.is issue, we car lot draw a conclusion regarding any 
advantag s or disadvantages of he V syst m"n his r o-ard. 

3.	 Arti the urr nt capabilities ofVT sufficient to support the T BI-5 cU1teru1a 
aligllrn nt pro e urc bas ·d 0 he intelli jb'lity ofth ice utput and reli,,-Ibility of 
the voice recognition so'ftw re? 

. critical c neem vith 1 5_ ·terns is speech intelligibility and voice recognjtjon 
accur cy rate. s n< ted in the participants que tionnaire responses, intelligi bility of 
th voice lItpu was g'ncrally acceptable, although there were s veral tated 
concem~ r garding speed, frequcnc_' range, and type of voice. wo of the speciak ts 
had partial hearin? ross, '1' h may hav . introduced additio wi problems. B Her 
control over the voice produ tion software would help improve acceptance and allow 
those wi h specific preferences or difficulties ( ch as hearin loss) to adju t the 
system for their use. jgitlzcd human voice should also be considered. V was 
im I m 1 d, , eduli ts ould presumabl. hay th ir 0\ 11 system, which could be 
t<lilored to their individual Tef~rences. 

Overa Joice re '0 1nilion ac~uracy was fairly high at 86.6%. Participants found this 
accq table as e idenced by ques ionnalre re '])onses 'iviDJ he system ( good rating 
for ease of 'onlrol th ug pc h commands and r co rrution of comm ds. This 
indi 'utes that, even though th system ade some rror.'>, the users did not md that it 
ignificantl int rfe cd with their w rk or lh ir fCl orable impressions of it potential. 
Vith f rther r finem nt5 to the VT . Y te and incre sed f .iliarity by the users the 

recObnition rate could be expected to improve. 

Abollt 40% of the specific recognihon rrars were associated with plac'ng th system 
in the sl p mode. There was no visual or auditory in ication when the system was 
asleep, alld his may 'lave resulted in he users losing track of system mode status and 
usin the ong command:::;. Future revisions of He VT application should seek to 
rectify these problems, which will help reduce th voice recognition error rate. 
Participants also had problems when the system inadvertently entered dictate mode. 
This was a feature of DragonDictate in its COTS er ion and would probab y not e 
needed for a dedicated AF maintenance support tool. Cone rning the capabilities of 
VT, the system used in this study with some refinements is capable of supporting 
taskslch as the ATCBI-5 ant nn alignment procedure. 

In summary, the VT evaluation provided useful information on the application of text-to
spc	 ch and voice recognition products to support AF maintenance tasks. Although this 
initial study did not show reductions in completion time or workload as a result of using 
VT, there wer II w negative effects that might be expected from the introduction of a 
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new system. A controlled study emphasizing situations when:: VT would be most 
applicable could be expected to demonstrate performance benefits. 

With few exceptions, participants reacted to the vr system very positively. The AF 
system specialists appreciated the ability to concentrate on the chosen maintenance task 
without having to read and manipulate a PM. They believed that computer technology 
holds considerable promise in the management of the large amounts of technical 
information necessary for thetf work. Judging by the results of this evaluation, T 
appears to have excellent potential for use in interactive applications for AI-' maintenance 
procedures. 

6.	 Recommendations 

1.	 Consider further research on the feasibility of using T for AF maintenance 
applications in several types of settings or applications. 

2.	 Consider exercising the potential of the computer for storage, display, and search of 
large amounts of text and graphics associated with AF manuals. 

3.	 Allow for sufficient familiarization and practice with the ~~elected maintenance 
procedures to reduce practice effects. 

4.	 Conduct additional studies in realistic AF environments regarding hackground noi"!.:: 
equipment types, and location. 

5.	 Evaluate the following recommended improvements to the VT system. 

a.	 Provide a wireless had. et or microphone, or both, with two carpieces. 

b.	 P rmit morc control over the spcl::d, frequency ran e and lype f voic o' th ' 
text-to- 'pcech system. 

c.	 Evaluate the feasibility of digitaJly r corded voice. 

d.	 Reduce recognition errors due to mode problems by improving the VT interfac'. 

e.	 Consider options for the display of text and graphics on the VT system computer 
monitor. 
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Appendix A
 
Antenna Transmis 'ion System Procedure Text
 

Note: The following steps were used for both the V and PM procedures. 

'tc 0: You will n cd a power meter, a directional coupler, an oscillo ope. a rystal 
d tector. an 50-Ohm terminations. RG-58U cable may be used as a tesl cable so that the 
pow r mete may rmain insid the transmitter building during measurements of 
transnl]ssion 1ine attenuation. 

't pI: Til -se checks mu be performed with til facilil~' rcmov d from S Tvic _ Please 
remove the facility from service or stop here . 

.'tep 2.: Ii· . voltag or the prim ry radar in t be turned off during measurements at the 
beacon antenna. '1 urn off the .gh volt- ge of lh' primary radar. 

'tep l: If Lh onmidirectional alltenna is suspension mount d, you may not be ab c lo 
nh ck incident power or voltan stan ,ing wave ratio (VS ) at th input of th antenna. 

If 'lis is he a e, you should measure source VSWR. 

Step ·:L This tep i: necessarY to prevent damaging the then listor (also knovm as a 
bolometer). ake s re the coupling of1 11e dire ,tionaI coupler and attenuation of t.he 50
Ohm test cable (if used) redu ' ~ the power level so that th rated limit of the po lee t cter 
is not exceeded. 

Step 5: Note that b fore makin·1 uch radio frequency RF) power measurement, adj ust 
the pow r meter for a zero meter reading. Th n connect it to measure the RF power level. 

Step 6: With the thermistor cormected, turn on the power meter and allow it to warm up 
and stabilize. 

Step 7 lfthe power meter is warmed up, proceed to the next step. 

Slep 8: Source VSWR sub-procedure. Perf fro the following measurement·· at the 
directional and omnidirectional outputs. Connect the 10 decibel pad to the incident 
power port of the directional coupler. 

'tep 9: onnect the crystal detector to the 10 decibel pad. 

Step 10: Connect the 50-Ohm cable. G 58U, or equivalent, from the crystal detector to 
the oscilloscope with a convenient trigger, such as beacon sync, and observe the leading 
edge pulse, 

Step 11 : Adjust the scope so the leading edge of the detected pulse is referenced to a 
convenient graticu1e line. 

A-I 



Step 12: Measure the pulse width of the incident pulse. 

Step 13: Disconnect the detector and 10 decibel pad from the coupler. 

Step 14: Connect the detector to the reflected power port of th coupler and observe the 
reflected P2 or P3 pulse. 

Step 15: If the leading edge of the reflected pul e is approximately coincident with the 
leading edge of the incident pulse, the reflection point is located near the source. If the 
leading edge of the reflected pulse is delayed from the reference graticule. measure the 
delay and determine the apprOXimate location of th reflection po lnt measured from tl1 
source. That is, multiply the time delay by the velocity, 492 feet per micro-second, to 
determine the location of the reflection 

Step 16: Check for significant multiple reflections. Multiple reflections are indicated 
when the leading edge of the rctlected pulse is nearly coincidem with til leading edge ur 
the incident pulse and the trailing edge of the reflected pulse if delayed from that of the 
incident pulse. 

Step] 7: Disconnect the detector from the coupler. 

Step 18: Measure the power levels at the incident power port and the reflected power poti 
of the coupler. 

Step] 9: Subtract the dBm value of the reflected power meter reading plus couplin\ from 
the dBm value of incident power meter reading plus coupling and r cord this value. 

Step 20: The source VSWR should be within a 1.5 to 1 ratio for initial systems and a 1.7 
to 1 ratio for operational system .. The following a c contains the conver ion table of 
dB return loss VSWR. Locate lh value found in tep 19 on the conver io table to 
determi ne the VS WR. 

Step 21 : This ends the source VSWR procedure. 
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Conversion Tab I, - d' etum Loss to V WR 

Percen t Per i! ~ [PercentReturn ~e(urn IRe turnReflected I II Re(lected !ReflectedLoss Loss LossVSWR VSWRPower PowerIPi-Pr(dBj Power 
vswn 

Pi-Pr(dB) Pi Pr(dB
100 PrlPi( W) 10 rlPi( W) 100 PrlPi( W) 

11,B 1.66 .30 12.9 5,131.043 .0 0.03 1.59 
1. 4,0.04 17.6 12.834.0 1.74 1.30 5.25 1.59

I
12.70.05 17.4 1.82 1.31 5.37 1. j) 

320 

1.0533.0 
17.2 12.6 5.500.06 1.91 1.321.05 1.61 

12.50.08 1.06 17.0 2.00 1.33 5.62 1.62 

300 

31.0 
12.40.10 1.07 16.8 2.09 1.34 5.75 1.63 
12.316.6 .350.13 107 2.19 5.89 16429.0 
12.20,16 1.36 6.03 16516.4 2.291.0828.0 
12.11G.2 1.37 6.171.09 2.40 1.660.2027.0 
12.0 IG71.3B 6.312.51025 1.11 16.026.0 
11.9 6.461.39 1.2.630.32 1.12 15.825.0 
11.8 1.69Q·O 2.75 l.10 6.6115.61.1324.0 

l.41 n.7 6.76 1.702.8815.40.45 1.1423.5 
l.42 11.6 6.92 1.7115.2 3.021.150.5023.0 

11.5 7.08 1.731.433.160.56 15.01.1622.5 
7.24 1.7411.41.4'114.8 3.311170.6322.0 

1.751.46 11.3 7.413.4714.60.71 1.1821.5 
I 

7.59 I 1.761.4 7 11.214.40.79 3.6321.0 1.20 
1.777.7611.114.2 1.0180.89 1.21 3.8020.5 

1.1'0 1. 7811.0 7.941 3.981.00 1.2220.0 
1.811.51 10.8 8.32<1.071.23 13.91.0519.8 
1.848.714.17 1.~1 10.61.10 1.23 13.819.6 
1.8710.4 9.1213.7 <1.27 1.521.15 1.2419.4 
1.8910.21.53 9.551.20 4.371.25 13619.2 
1.92100 10.001.5413.5 4.471.26 1.2519.0 
1.9610.479.81.541.32 1.26 13.4 4.5718.8 
1.999.6 10.9613.3 1.554.G81271.3818.6 
2.0394 11484.79 1.561.27 13.2145

I Hl.4 
20612.029.21.574.90151. 13.118.2. 1.28 

I 2.109.0 12.591.585.011.291.58 13018.0 
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Appendix B
 
Voie Technology System Vocabulary List
 

he following i a list of the 19 application-specific words that were trained. h yarc 
di ide by the screen on whi h th Y app red. All s ~reen had a green ba ground 
except for th' onv'fsion Ta 1 'creen, ich had a white back round. The System 
Va 'n ul ry word \: ere not train cl but were available for control of DragonDictate 
fun tions. 

election Scree 

, ntenna Transmission y~ tem 
ha e Name 

Exit 
. 'how Conversion Table 

Ye...;/N S"recR 

Ye" 
o 

. ub Procedure Screen 

Source SWR 
Cancel Procedure 

c ponse "I'm 

'ontinue 
Repe t. tep 
Previous Step 
Cancel Procedure 

Com'c ion Table k creeD 

Repeat Step 
lose 

'y tern Vocabulary 

Close Window 
Command Mod 
Dictate Mode 
End Task 
Go to Sleep 
Oops 
Wake Up 
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