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Abstract
Using a voice key is a popular method for recordiagal response times in a
variety of language production tasks. This papsecdees a class module called
VoiceRelay that can be easily utilized in VisuakBgorograms for voice key
operation. This software-based voice key offergateeision of traditional voice
keys (although accuracy is system-dependent) dsag/éhe flexibility of volume
and sensitivity control. However, VoiceRelay iscasiderably less expensive
alternative for recording vocal response timest aperates using existing PC
hardware and does not require the purchase ofr@ttersponse boxes or
additional experiment generation software. A sampptgect demonstrating
implementation of the VoiceRelay class may be doadéd from the

Psychonomic Society web archivetp://www.psychonomic.org/ARCHIVE
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VoiceRelay: Voice Key Operation Using Visual Basic

Measuring vocal response times in psychologicaaesh is used in a
variety of paradigms, such as word naming (e.defTY¥oice, & Moss, 2000),
nonword naming (e.g., Light, Kennison, Prull, & Yaie, 1996), and picture
naming (e.g., Taylor & Burke, 2002). Voice keys #re most common method
for measuring vocal response times, although reesearch has demonstrated
their susceptibility to inaccuracies. Suggestedeawf these inaccuracies are
biases from specific phonemes in influencing vainsets (e.g., Kessler, Treiman,
& Mullennix, 2002; Rastle & Davis, 2002) as welliaadvertent triggers of the
voice key, such as unintentional vocalizationsraiirenmental noise (e.g., Baker,
Taglialatela, & Washburn, 2001). Voice keys consfsin electronic device that
interfaces between a microphone and the compubene&vent such as word
presentation enables the voice key, which then tomihe sound level from the
microphone. When the sound level exceeds somespgerfied threshold, the
voice key records the amount of time (in ms) trest Blapsed since the voice key
was enabled.

The VoiceRelay program was designed to fully impetthe
functionality of a traditional voice key while offag the flexibility of using the
Visual Basic programming environment. Visual Basffers a graphical interface
and a simpler programming language, making it inedft easy to learn compared

with other programming languages, such as C/Eltecent years, the
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development of experiment generation programs hakled the use of a
software-based voice key for research with PC-cdifolpacomputers. However,
these software programs are costly (e.g., E-Primsts$695 for a single user;
Psychology Software Tools, 2000) and usually regthie purchase of additional
hardware to work in conjunction with the voice kégpr example, the Psychology
Software Tools (PST) deluxe serial response bosésl for voice key operation
in conjunction with E-Prime and costs an additidb0 for an individual box
(Psychology Software Tools, 2000). If experimemesran on multiple
computers, the necessary software and hardwasdl fof the machines can be
extremely costly. Furthermore, unlike response bp¥Xeésual Basic offers the
potential for recording the actual speech inputftbe microphone.

In addition to their expense, response boxes hther problems. First and
foremost, the hardware always has the potentidaiture, e.g., the authors used
two button boxes in conjunction with PsyScope (GpidacWhinney, Flatt, &
Provost, 1993), one where the threshold volumerobwas unreliable and
another that required the microphone input jadkga@esoldered. Conversely,
most modern computers anticipate frequent useeohéindware connections and
therefore have higher structural integrity for raf@el use. A second critical issue
is the necessity for accurate timing. Given thataleesponse times are used as
indicators of underlying cognitive processes, thechfor millisecond resolution

is essential in psychological research, althougletaesolutions may be



VoiceRelay: Voice Key 5

acceptable for certain tasks (see Snodgrass & 3kdii996). However, the
experiment generation program Inquisit (Inquisitligecond Software, 2002)
reports that their measurement of voice input iy ancurate within £10 ms.

There is one PC-compatible experiment generatiogram that does not
require an external response box, SuperLab for @usd Cedrus Corp., 2000).
This program uses the built-in microphone in conjiom with the software
program for voice key operation. However, in Decent000, technical support
reported that the software voice key does not welikbly under the Windows
environment, leading to inaccurate timing, and thaers are advised to avoid
using it for research” (Cedrus Corp., 2000). Thé ske also reports that Cedrus
Corporation is developing new voice key hardwaoetfiscratch; however, as of
this writing, the voice key has not been re-relddse SuperLab for Windows,
suggesting that these problems were not easilycouee.

VoiceRelay overcomes the disadvantages of curr@nekey
implementations. First, VoiceRelay utilizes stankd@C hardware (sound card
and microphone) and does not require the purcHesgditional hardware, such
as an external response box. Second, VoiceReldgas for existing Visual Basic
programmers, who already possess the necessamasefind programming
knowledge, because VoiceRelay is a class modute#mbe used within any
Visual Basic project. VoiceRelay also has the pid&rwith modifications, to

work within other programming languages, such &+3/and Delphi. Third,
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with additional modifications, Visual Basic can pide the capability to record
actual vocal responses in addition to capturingeanset times. Lastly, although
VoiceRelay does not overcome the inaccuracies iockwey timing, it has the
potential to be as accurate as external responsspdepending on system
constraints, making it a useful tool for psychotagiresearch.

High-Resolution Timing

When using a voice key to determine a parametdr asiwocal response
time, a primary consideration is the precision aoduracy of the reaction time
measurement. Precision is concerned with the rap#igy of the time
measurement; if the measurements obtained withca key can be repeated with
identical results, the timing is said to be precisecontrast, accuracy is the
difference between the measured response timehariititie” value of voice
onset. If this difference is small, the timing &dsto be accurate.

Since vocal response times are used as indicatomyaitive processes
(e.q., Kessler et al., 2002; Rastle & Davis, 20@2¢cision and accuracy are
important considerations. Unfortunately, the basahitecture of the PC system
can severely limit timing precision, due to theandnt “slowness” of its run-time
clock. The PC run-time clock operates at a frequexid 8.2 Hz, which means
that the smallest interval between clock “ticksaproximately 55 milliseconds
(Microsoft KB 81592, 1999). This limitation impli¢kat the precision any

timing measurement obtained using the “standargdu#li Basic or the “standard”
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Windows interface (i.e., GetTickCount function)imited to approximately £55
milliseconds.

However, the Windows timing problem can be overcéaypaccessing the
high-resolution multimedia timers that may be prése the system from sound
cards, MIDI sequencers, etc. To utilize these mdtia timers, the Windows
Application Programming Interface (API) provideg th
QueryPerformanceCounter function, which can bézetll to perform timing
operations with a precision “on the order of a wsercond” (Microsoft KB
172338, 2003, Microsoft KB 274323, 2000).

The VoiceRelay class utilizes a code module that watten to
encapsulate the Windows QueryPerformanceCountetifuminto a user-friendly
format. The benefit of using the high-precisiondims that it also improves the
accuracy of response time measurements. For exathplextra time it takes to
execute the API calls (“overhead”) can be precisadasured and subtracted from
the response time to yield a more accurate vdiu¢he event the computer
system does not support QueryPerformanceCountelpwer-precision (on the
order of 10 ms) TimeGetTime is incorporated inte timer module to preserve
overall functionality (Microsoft KB 172338, 2003).

Features of VoiceRelay

The overall goal for VoiceRelay was to provide essdly “plug-and-

play” functionality. As such, the VoiceRelay furarts were written into a Visual
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Basic class module to simplify the user interfatith this implementation
scheme, the experimenter can access all of the keig functions and parameters
simply by declaring a variable of the “VoiceReldype.

The VoiceRelay class module is dependent upon titresr code
modules, which were written to simplify the caltsthe Windows API: (1) the
“modMicVolCtrl.bas” module allows control over tf&C microphone volume
level, (2) the “modWaveln.bas” module facilitatesaording from the PC
microphone, and (3) the “modTimer.bas” module pdesi high-resolution
measurement of elapsed time. All three of these coddules must be
incorporated into the main Visual Basic projecbrder for the VoiceRelay class
to function. This “dependent” configuration provedine flexibility of easily
upgrading the individual components without compising the overall operation
of the voice key.

VoiceRelay Implementation

The core functions required for voice key operatoa initialized when a
variable of the type “VoiceRelay” is declared. Thigialization process also
detects whether or not the computer has a sounldicat will support the
required recording capabilities. If any of theiaization steps fail (which is
unlikely for most modern computers), the progranoauatically terminates and

releases any allocated memory.
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The VoiceRelay class implements voice key operdtipproviding the
ability to perform a variety of functions directiyom code. Using Visual Basic
class “properties”, which store information abch ¥/oiceRelay object, the
experimenter can set three parameters relevamite key operation. The first
parameter is the volume level of the Windows mibiape, expressed as a
percentage. The default value for this paramet809%. This value can either be
raised or lowered depending upon the level of bamkyd noise in the testing
environment. The second parameter is the threstoblome level (e.g., for
detection of speech onset), which is expressedpascentage of the microphone
volume control level. The default value for thiggnaeter is 20%. Voice key
operation is directly dependent upon these first parameters. Therefore,
acceptable values for these parameters shouldteerdeed by trial-and-error to
insure consistent voice key operation. The third famal parameter is the
maximum duration for the audio search in millised®nThis parameter allows the
experimenter to control how long the program walhsch for audio input before
determining that there was “no response”. The def@lue has been arbitrarily
set to 5000 milliseconds.

In addition to the “properties” that allow settiagd retrieving of voice
relay operational parameters, the class offeretadelitional “properties” to
provide the experimenter with information about vio&ce key. The first property

indicates the real-time volume level being recorttedugh the PC microphone,
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expressed as a percentage of the microphone vdattieg. This property can be
used to create a “peakmeter” display, which mayd®ful in assessing the
appropriate threshold value. The second methodtete elapsed time in
milliseconds between the initiation of the audiarsé and the receipt of an audio
input that exceeded the threshold volume levels Thiue is adjusted for the
processing overhead required by the voice relaysandd recording operations.
The third and final property is the value of thelegrocessing overhead in
milliseconds. This property is useful in determgimw much impact any real-
time audio displays have on the voice relay openati

In addition to class “properties”, VoiceRelay afféwo class “methods”,
which are specific actions or procedures that thee&Relay object can perform.
The first method provides the ability to resetddlthe voice key parameters to
their default initialization state. The second noetimitiates recording from the
PC microphone and begins voice key operation.

Obtaining Audio Input

The core method in the VoiceRelay class implem#mg@gunctions
required to get audio input from the PC microphané to report the elapsed
time. This method begins by obtaining the necessawynd buffers for audio
recording, followed by resetting of the “stopwatd¢b’insure a precise elapsed
time measurement. The code then enters a loopetimainates only if either (1)

the input audio volume level exceeds the threstioldme level or (2) the elapsed
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time exceeds the maximum audio search durationniétbod ends by retrieving
the elapsed time of the audio search from the hegblution timer and
accounting for the code-processing overhead.

The audio input routines operate by using sevdrddeo“waveln”
functions from the Windows API. To initiate recardifrom the PC microphone,
the following steps are performed: (1) set up theéi@recording parameters (i.e.,
wave format, sampling frequency, number of chanmts); (2) allocate audio
recording buffers in system memory; (3) send tlvending buffers to the sound
card; and (4) open the Waveln device for recordidgce recording is initiated,
the incoming sound data is processed until recgrditerminated. The sound
processing routine is a loop that performs theofeihg actions: (1) wait for the
audio buffer to be marked as “full”; (2) copy th&d#o data into an array to allow
manipulation; (3) normalize the data to —100% t6G% (midpoint 0%) for ease-
of-use; and (4) provide the normalized data in llipwariable. The timer is set to
zero immediately before the audio processing reusrstarted, and the
ElapsedTime measure is taken at the instant tleshibtd is exceeded or audio
timeout is reached.

The GetAudiolnput method of the VoiceRelay classtams a loop that
continually retrieves the public volume variablerfr the Waveln operations. The
method then compares the volume values of thewedeiudio input to the

threshold volume level to determine whether ortaatontinue the audio search.



VoiceRelay: Voice Key 12

Whenever the threshold volume level is reachedelfygsed time in milliseconds
is retrieved from the high-resolution timer, and ttode-processing overhead is
updated. Once the threshold is exceeded or a tin@suoccurred, recording
from the PC microphone is terminated to free systsources.

The fundamental code for audio processing was lalggsed upon the
examples provided in Microsoft Knowledge Base Aetscl87673 and 178456
(Microsoft, 2001). The functionality for setting@nretrieving the value of the
Windows microphone volume was taken from Microsafbwledge Base Article
178456 and encapsulated into a code module togeasimpler user interface.
Likewise, the basic functionality for performingetivave recording operations
was taken from Microsoft Knowledge Base Article 883 and encapsulated into
a user-friendly code module. However, the KnowleBgse Articles as originally
published by Microsoft required that the sound deade a “peakmeter” function
on the recording control. It was quickly determirtledt this function is not
supported by most modern sound cards. As a reékaltore audio recording
routine was mostly re-written to remove dependerpmn the Windows mixer
and to save the waveform audio data directly imamay of bytes. The resulting
code not only corrected compatibility limitationghwvthe VoiceRelay class, but
also improved performance since the audio procgssidone inside of a Do
Loop instead of within a high-frequency timer cohtbject, such as the CCRP

high-performance timer objects (CCRP, 2002).
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Testing of VoiceRelay’s Precision and Accuracy

Precision and accuracy of the information providgd/oiceRelay depend
upon the core timing functions. While these timingctions can be affected by
various influences, we attempted to address tleetimost significant ones: (1)
the placement of the timer starts and stops, (@¢ @verhead, or the amount of
time to execute code without actually recordingwmeé information, and (3)
sound card latency, or the delay required by ada@and to get a buffer.

VoiceRelay used the Windows APl QueryPerformance@uunction
instead of CCRP stopwatch to allow more controlrakie placement of the timer
starts and stops without the increased overheatin@mmory) of additional
variables. As a result, QueryPerformanceCountenalifor better measurement
of the code overhead, which is later subtractesh fitoe reported ElapsedTime to
improve accuracy. Sound card latency could notdmrolled but was measured

using a sound card test program, such as the ailalale athttp://www.guitar-

fxbox.com/sctest.htm

Four computers of varying processors, processadsp@nd operating
systems were used to test the precision and agcafamiceRelay, and the
results of these tests are displayed in Table &.pFacision was measured by the
Timer module during the initialization of the tinseAccuracy was evaluated
through actual use of VoiceRelay as a voice keyo Thlips” were added into the

code to indicate the start and end of audio reogr{Microsoft KB 86281, 2003).
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The procedure was to (1) start an external indepetrtdpe recorder, (2) start the
VoiceRelay demo program, (3) trigger the relay gsirsharp sound (a handclap),
and then (4) stop the external tape recorder. Tdealata from the tape recorder

was then imported into Audacity Verison 1.008tf://audacity.sourceforge.net/)

where the waveform was analyzed to determine tbeidd’ elapsed time. All of
the data were then collected and analyzed usingdsidt Excel 97 to evaluate
the difference between the actual audio elapseel tam determined by
waveform) and the measured elapsed times repoyt&iceRelay.

The accuracies assessed by waveform that are pedsanTable 1
represent 95% confidence intervals that reflect bmse the “measured” time
was to the “actual” time; note that negative valineicate an underestimation in
the actual time. However, there are several pakstiurces of error in these data,
such as: (1) the waveforms were analyzed by h&)dt as unknown how much
of the 10 ms “blip” (audio start) should be removexn the difference
calculations, and (3) the waveforms read by VoidaRare likely to be different
from those read by the external tape recorder, mgakiimpossible to pick the
exact location of the audio end. Therefore, theismies shown in Table 1 are
likely more conservative than the true values.

In an attempt to quantify how conservative the aacymeasurements
might be, VoiceRelay was tested using the “timeduitittion already built into

the class since it would remove the “human” compbassociated with
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waveform analysis. The VoiceRelay demo was statebthen allowed to
timeout without receiving any audio input. The datxe then collected and
analyzed using Microsoft Excel 97 to evaluate tifieicince between the
theoretical timeout value and the elapsed timesrteg by VoiceRelay (see Table
1 for 95% confidence intervals). The results orusacy assessed by the timeout
function do, in fact, indicate a measure of conatswm in the waveform accuracy
data.

The results of the above tests indicate that theigion of VoiceRelay
was more dependent upon the operating system lilegorocessor speed, but that
overall precision was extremely high. In contréis¢, accuracy of VoiceRelay was
dependent upon processor/speed, and operatingrs{ste Table 1). In addition,
high sound card latency may cause low voice orgeiracy in VoiceRelay: The
computers running Windows 98 showed greater acgdoache Pentium Il
processor, which had a sound card latency of 2Getetjve to the Pentium llI
processor, which had a sound card latency of 63 ms.

Sample Implementation

A sample Visual Basic project was created to deltnatesthe capabilities
and functions of the VoiceRelay class. A screethefsample program is shown
in Figure 1. The large text pane on the left presgithstructions on how to use the
VoiceRelay demonstration program. The three slides on the right permit

changing of the three critical VoiceRelay propextighe microphone volume



VoiceRelay: Voice Key 16

level, the threshold volume level, and the audarcd®eduration. Moving the
sliders back and forth dynamically changes thesanpeters.

The “System Info” and “Timer Info” buttons near thettom right provide
basic performance information about the PC systeavailable. The system
information that can be obtained is the operatysgesn, processor model,
processor speed, total RAM, and free RAM (Micro¥dt 145679, 2001,
Microsoft KB 147886, 2003). The timer informatiardicated whether the system
is using high-resolution or low-resolution timelrs either case, the theoretical
minimum resolution of the timer is displayed. Ie ttase of high-resolution
timers, the overhead required to make the API calédso reported.

The grayed-out “Input Volume Monitor” and “Audio &eh Duration”
progress bars in the lower right monitor the preagsvoice relay operation when
activated. The input volume monitor will displaglgnamic reading of the
microphone volume level, and the audio search ouratill continuously update
the elapsed time. These monitors will be activatbdn the “START” key is
pressed. Lastly, once audio recording has begerdifiplay will be updated with
the name of the system audio recording device.

In the initial startup screen (Figure 1), the “STRRutton initiates voice
key operation and moves the program to the seamees, where audio and
timing input are collected. In the second screeguffé 2), the buttons are grayed

while the audio search is performed. Finally, ia third screen (Figure 3), the
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“RE-START” button returns the program to the fissteen for another round of
voice key operation. In all three of the screens,"EXIT” button terminates the
program and releases any allocated memory, anh\taut” button displays
information about the authors of the program.

System Requirements

The VoiceRelay class requires a PC with at led&&straium Il processor,
Microsoft Windows 95, and Microsoft Visual Basi®%ervice Pack 3. Initial
tests have indicated that VoiceRelay will also waith later versions of
Windows, such as 98, 2000, and XP, and faster psocs, such as Pentium lll
and IV. The PC must have a sound card with a miwop input jack.
Conclusions

In sum, the VoiceRelay class facilitates psychalabresearch using voice
keys by providing an inexpensive alternative tgpoese boxes and experiment
generation software without sacrificing timing pssen. Furthermore,
VoiceRelay has potentially good levels of accurdegending on the computer’s
processor, operating system, and sound card. Altheame researchers have
suggested examining on-screen audio waveforms akeanative to voice keys
(e.g., Baker et al., 2001), examination of wavef®iswundesirable because it is a
time-consuming process and is prone to human érharefore, voice keys will
continue to play a pivotal role in psychologicaearch, and we hope that

VoiceRelay will facilitate the measurement of voszdponses.
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Footnotes

1. The first author taught a graduate-level VisualiBasogramming class in the
psychology department, and all students, most @imwhad no prior
programming experience, were able to use the layjggt@program
experiments within their areas of psychology.

2. This sound card test program did not work on comsubperating with

Windows XP.
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Archived Materials

The following materials and links may be accesseough the
Psychonomic Society’s Norms, Stimuli, and Data aeh

http://www.psychonomic.org/ARCHIVE/

FILE: Abr ans- BRM C- 2004. zi p DESCRIPTION: The compressed
archive file contains ten files that comprise thmple Visual Basic Project
discussed in the article. The specific files ineélddn the compressed archive are:

VRDeno. vbp & VRDeno. vbw -- Visual Basic project file

Forml. f rmé& For mL. f r x -- Form object for the sample project

m cr ophone. i co -- icon file for the sample project

cl sVoi ceRel ay. cl s -- Class module that implements the Voice
Relay functions

nodM cVol Ctrl . bas -- Module for control of the Windows
Microphone Volume

nodWavel n. bas -- Module that performs waveform-audio recording

nodTi nmer . bas -- Module that implements high-resolution timing

nodSysl nf 0. bas -- Module that retrieves information about the
current PC system

AUTHOR’S EMAIL ADDRESS: abrams@ufl.edu

AUTHOR’'S WEB SITE: http://www.psych.ufl.edu/~abrams/
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To access these files or links, search the ardbivthis article using the
journal Behavior Research Methods, Instruments, and Comg)utke first
author’'s nameAbramg and the publication yea2Q04).

To obtain a copy of an executable version of thevalilemonstration,

email your request to the first authoéitams@ufl.eduThe VoiceRelay

program is provided as unsupported freeware forawnmercial academic use.
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Tests of VoiceRelay’s Precision and Accuracy asireciion of Computer

Processor, Processor Speed, and Operating System

Operating System

Processor / Speed

Precision

Accuracy by Accuracy by
Waveforms Timeout

Windows 98

Pentium Il / 233 MHz

Pentium Il / 450 MHz

Windows XP

Pentium Il / 600 MHz

Pentium IV / 2.4 GHz

0.0008381 ms

0.0008381 ms

0.0002794 ms

0.0002794 ms

-85t0-17ms t@63 ms

129 to 190 ms to @ ms

2to 59 ms Bios

83 to 135 ms t1P18 ms
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Figure Captions
Figure 1.Startup screen of the VoiceRelay demonstratiograir.
Figure 2.Screen display of the VoiceRelay demonstratiomnduoperation.

Figure 3.Screen display of the VoiceRelay demonstratiomtgmesult.
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