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ABSTRACT

We presenta novel methodologyand softwaretool for
recording small group interactions, such as during
deliberationor discussionandautomaticallyprocessing
the resulting audio recordingsto provide statisticson
iIndividual speakerand whole-group verbal behaviors
We discusgdatafrom a largestudyusingthis technique

INTRODUCTION

Many researchers are interested in phenomena that occur in groups, particularl
groups of conversing or debating participants (e.g. work teams in meetings, stuc
groups, focus groups, legislators, juries). One logical approach to this work is to
attempt to record the participants, using unobtrusive table or room microphones.
However, while this kind of recording is useful as a record of the event, any kind
processing of the recording into usable data must rely on laborious human codi
the audio (due to the difficulty of source separation). This kind of human
transcription can be done, and commercial services for this do exist. However, |
costly and timeconsuming, putting it out of the reach of most investigators who a
processing any significant number of meetings or deliberations. This is especial
true if the researchers would like to record timing information of when utterances
were spoken (which costs significantly more and takes significantly more time), c
worse yet, if the researchers require identification of which actual speaker issuec
which utterance. With more than a few voices, it is not possible to reliably deter
the speaker from audio alone. Even male versus female distinctions, which mos
transcription services will do, can be inaccurate, since the pitch of male and fem
voices can overlap. Distinguishing the speaker uniquely generally requires a vic
recording rather than an audio recording for processing (frequently even video
recording from two angles to cover all potential speakers). Most researchers are
equipped to do this, and most importantly transcription companies are not gener
equipped to process video but only audio.

We have developed an alternative methodology, which usepriofile headset
microphones to record individual audio tracks from each of 5 clessied
participants in a rounthble group deliberation environment. The audio tracks we
recorded via inexpensive and easily available commercial-tnadtk recording
equipment and software attached to and running on a nearby office PC. In the fi
experiment using this methodology over 155 groups were processed, which wo
have made human processing impractical. Hence, dnessally software
application was created (Verbal Behavior Analysis Software v1.3) to analyze the
iIndividual audio tracks (.wav files), determine when that person was speaking,
convert that information to humareadable output, and merge that information wit
data from the other speakers. This provides an integratedctdssl data set for the
verbal behavior of that group by individual speaker and utterance time. Further
the software provides canned statistics for each group on the verbal behavior of
group and its participants, such as total utterance duration, mean duration of
utterance, number of interruptions made, number of interruptions received, prop¢
of groupsd total talk time contribut
Imported to statistical software for analysis alongside other variables that might
been recorded about the deliberative or discussion environment (e.g. experimen
condition, gender, age, etc.) This software (and the accompanying recording
configuration) was designed for use beyond this particular experiment, and is pu
available for research purposes fretavernowell.com

METHOD

Our methodfor recordingsmall group interactionwas first usedfor a joint research
project (Karpowitz, Mendelberg and Howell, 2009 betweenPrincetonUniversity (PU)
andBrighamYoungUniversity (BYU), anddatacollectionwasperformedat bothsites

Subjectsmet 5 at a time and engagedn small group deliberationabout social justice
Issuesarounda roundtable Eachgroupof five deliberatorsvasrecordedusinga total of
6 microphonesandtwo separataligital video cameras Five individual Shurelow profile
headsemicrophonesvereworn by the participants The unidirectional cardiodpatternof
these microphoneshelped eliminate any contaminationof eachs p e a kaedro bys
background noise and other p ar t I cdgpgeehnlhessixth microphone was an
omnidirectionalflat tabletopmodel The microphonesvereconnectedo a MOTU 8PRE
8-channelmicrophonegpreamplifier This preamplifierconnectedvia a Firewire cableto a
standardMicrosoft Windows lab PC running Adobe Audition multi-track recording
software

A simple Microsoft Visual Bas seandkéy@ 0 a |
function) to automate the operation of the Audition software to ensure that recording
started on all channels at the same time, to name the channels according to experi
naming standards to ease data archiving andgrosessing, and to copy the final files tc
a large network server disk drive for storage. The audio files are so large (often ove
GB per group) that they would rapidly fill the hard drive of the recording PC.

Once the individual ©participantso audi
using Verbal Behavior Analysis Software V1.3 (See Figure 1) created by Dr. Steve R
Howell of Kutztown University. This software application first performed voice activit
detection (VAD) on each channel . Eac
file (.wav file) to an amplitude data file (.amp) of average speaking amplitudes, by
calculating the average amplitude of

of the recording. These averaged amplitudes for each speaker were then converted
binary onoff Voice Activity files (vad). That is, if the amplitude for a .25 second inter
for this speaker was greater than some minimum threshold, then their speaking stat
set to 1 or ON for that interval, otherwise it was set to 0.

This process yielded data filesdd) for each subject with their speaking turns
(utterances) identified. This data was then{postessed to ensure that slight pauses
during utterances were bridged if they were less than 1 second in duration (to avoid
long single utterances broken into two shorter utterances by brief pauses). Then to &
spurious short utterances due to microphone noise, etc., any of these utterances the
not contain at least one .25 second interval of some minimum high amplitude during
utterance were eliminated.

Once all individualvadfiles were processed, the software integrated them into a sing
group data file grp) for each deliberative group. Verbal behavior statistics were then
on this data, including such measures as total amount of speaking time for the groug
time for this speaker, total number of interruptions of this speaker, total number of ti
this speaker interrupted someone, etc. These statistics were then integrated into the
set for the rest of the experiment, and included in analyses of the behavior of the gra
under different conditions, gender balances, etc.

1 The minimum amplitude threshold is a key parameter that must be set by inspection of the audio the
been recorded. In the present experiment, this threshold was setto 7. This was the value which prog
the best VAD results based on comparisons to laborious human coding for speech activity (directly frc
audio) for three test groups. See the Results section.

For the present experiment, the 6 mini mum ma
determined that 99% of test utterance sequences rose in amplitude at least once to the 10 level durin
rise and fall vocal amplitude during speech. See the Results section.

Figure 1: Verbal Behavior Analysis Software V1.3
Control Panel

Note top to bottomworkflow designwith onebuttonperstep Also notedual
pointsof entryto the processeitherfrom audiofiles or from humangenerated
0t i me $ilesafmpeneachspeakerspokeandfor how long. A utility to
combinethe verbal behavioranalysisof the audio, including timestampsand
speakeridentity, with the human transcribedactual text is presentlyunder
developmenandis disabledn this version
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RESULTS

Oncethe audiofiles were processedo amplitudefiles, Voice Activity Detectionwas
performedusing various test settingsfor the minimum amplitudethresholds After
each VAD, the resulting startstop data was comparedto a humanprocessed
benchmarkgroup for comparison Resultsvaried with different minimum amplitude
thresholds,but the best overall thresholdwas an amplitudeof 7. SeeTable 1 for
accuracyresults,over all quartersecondintervals,of the 15 minuteto 45 minutelong
sessions Theseresultsunderreporthe true accuracy,as qualitative analysisshowed
thatmostutterancesvererecognizedsia both manualandsoftwareVAD processedyut
the startandstoptimesdifferedslightly.

able 1. Accuracy for Match of Software VAD to Human
VAD (by ¥4sec)

Group Matches% FalseAlarm %  Correlation
Groupl-005 0.732 0.1814 0.6914
Groupl-010 0.803 0.3205 0.6313
Groupl-036 0.774 0.3434 0.6554

DISCUSSION

fThe Shureheadset microphones produced sufficiently good recording quality that
Isolated speaker was clearly distinguishable from background noise and from othe
speakers around the table. However, recording volume must be kept low enough
the primary speaker is picked up, but not the others in the group.

T he best qualityhypercardiocheadset microphones that can be obtained should beg
used with this method, as the greater the elimination of background noise in each
recording, the more accurate the automated VBA processing can be and the lowe
false alarm rate in voice detection. Other than thatpaugitrackrecording software
should work.

It is essential that a test set of groups be manually processed for vokstogidiines
on each audio track. This benchmark information is used when calibrating the set
of the VBA software (AnFind Threshol d
most accurate threshold values. In the initial data collection, recordings from PU
much more accurately processed than those from BYU. This was due to the fact {
the microphone recording volume settings differed between the labs, and that the
humanprocessed benchmark groups were all from PU. 3 groups were manually
processed out of 155 total for that data.

Bince some inaccuracy remains due some groups being louder or quieter than ot
we recommend looking only at relative differences between experimental conditio
not absolute results, for automatic verbal behavior analysis.
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