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Executive Summary 
Audio conferencing has grown to become a commonplace tool for conducting virtual business meetings. 
But the underpinning technology, which has remained unchanged for years, has driven audio 
conferencing towards commoditization.  While the majority of calls continue to use the traditional 
telephony network – which limits call fidelity and baseline quality – Wainhouse Research has identified 
three factors which are poised to disrupt the status quo in audio conferencing services: 

1. External Dynamics: Workplace demands are increasing the use of "virtual" meetings – more out 
of necessity than desire.  Web conferencing, HD-quality desktop video conferencing, and unified 
communications (UC) have emerged to make meeting more convenient and effective.  These 
solutions with greater frequency use a software-based VoIP audio client – which has the 
potential to deliver higher audio performance at lower cost compared to traditional audio 
conferencing services. 

2. Changes in User Behavior: In response to advancements in technology, users are migrating 
away from the traditional desk phone to cell phones, soft phones, and smartphones.  The bring-
your-own-device (BYOD) movement, which began to come on strong in 2011, has also helped to 
fuel this change.  These devices support IP connections and advanced audio capabilities. 

3. Advances in Audio Conferencing Technology: A handful of technical advances are poised to 
re-define the state-of-the-art in audio conferencing performance.  Wireless internet access, 
combined with the factors mentioned above, enables the use of wide band audio codecs, 
advanced noise processing, and spatial audio rendering that, when implemented as a “tuned” 
end-to-end solution, will redefine the audio conferencing experience. 

In an effort to gauge the magnitude of these factors, WR conducted an online survey of 144 audio and 
web conferencing users in April 2012. Of particular note:  survey respondents indicated that call fidelity 
issues – in particular background noise, the inability to understand if more than one person speaks, 
unnatural interactions, and lack of clarity – are cited as bigger concerns than call reliability and ease of 
use in establishing a conference call.  When presented with listening samples, about 2/3 of the survey 
group preferred the advanced, “new technology” audio sample over the other samples (including a 
narrow band “PSTN” sample).  As stated by one listening participant: It was ‘hi def 3D audio’.  Not only 
was it clearer but it was directional - as if speakers were sitting around a conference room table - which 
helped to discern the voice to the speaker. 

Dolby Laboratories – the sponsor of this paper – is in the process of bringing this advanced “new 
technology” solution to market through select service providers.   Packaged as a software solution that 
is intended to be integrated with a service provider’s existing audio conferencing application, the 
technology delivers a natural, high fidelity conferencing experience that is enhanced with spatial 
rendering.  The result is a highly differentiated offering which provides the audio quality improvements 
preferred by those we surveyed. 
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Introduction 
Audio conferencing – the ability to bring together three or more participants into a productive 
multiparty audio conversation – has enjoyed a long history of steady growth, from its initial days of 
operator-assisted services thru the adoption of automated, reservationless conferencing services that 
became commonplace in the late 1990’s.  Wainhouse Research estimates the current market for audio 
conferencing services has grown to exceed $4 Billion1 worldwide.   

Even so, the underpinning technology for audio conferencing has remained unchanged for years.  The 
vast majority of calls involve participants that connect to the conference using the traditional telephony 
network – which, by its nature, limits the fidelity of their connection to narrowband (3.4 khz) audio and 
constrains the baseline quality of their call to what can be achieved on the legacy public switched 
telephone network (PSTN).  Thus, from a call quality perspective, audio conferencing has basically 
become a commodity.  Facing a marketplace of undifferentiated services, customers have become 
increasingly driven more by price than anything else – which can make customer retention and churn a 
challenge for service providers. 

Wainhouse Research has identified three factors which are poised to disrupt the status-quo in audio 
conferencing services.  In an effort to support these factors with quantifiable metrics, WR conducted an 
online survey of 144 audio and web conferencing users in April 2012 with the goal of exploring their 
attitudes towards today’s audio conferencing experience, identifying their device and usage 
preferences, and measuring their reaction to potential audio conferencing technology enhancements. 

Factor #1: External Dynamics 
A number of workplace trends and other market dynamics are converging, resulting in increased 
demand for – and changes in – how users want to consume audio conferencing services.  Workplace 
trends include (but are not limited to) the movement towards telecommuting and the mobile 
workforce, the desire for workers to work from where they want to live (and not vice-versa), the need to 
work across time zones 24x7 in a global marketplace, the use of outsourcing to provide services that are 
not considered a strategic core competency, and tighter supply chain management to support just-in-
time business.  These trends are long range in scope, and insure growth in the use of audio conferencing 
will continue for many years to come. 

To accommodate these trends, the notion of meeting “virtually” has gained acceptance in the workplace 
– more out of necessity (and survival) than desire.  Acceptance is also being driven by an increase in the 
effectiveness of virtual meetings due to the use of web conferencing to include visual information and, 
more recently, the addition of HD-quality desktop videoconferencing.  A final factor – the advent of 
on-premise and services-based unified communications (UC) solutions – is making it easier for users to 
initiate presence-based ad hoc instant messaging (IM) sessions, which in turn can be escalated to full-
                                                             
1 Calendar year 2011. Source: 2012 Worldwide Audio Conferencing Services Market Sizing & 5-Year Forecast, Wainhouse 
Research, June 2012 
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fledged audio / video / web conferences.   While traditional audio conferencing has been “shoe-horned” 
into the above solutions, the introduction of application-based voice over IP (VoIP) – which uses a 
software-based VoIP audio client included with the web conferencing or UC solution – presents a 
potentially higher performing and cost-effective alternative. 

Factor #2: Changes in User Behavior 
Users are changing their behavior in part to accommodate the external trends conveyed above, and in 
response to advancements in technology.  We observe the following:     

• A migration away from the traditional desk phone to cell phones and soft phones (software-
based) on PC’s / tablets / smartphones, and the like.  The bring-your-own-device (BYOD) 
movement has come on strong beginning in 2011, which was the landmark year in which more 
tablets and smartphones were shipped than PC’s.  Many enterprises now support and / or have 
policies encouraging employee use of their own devices. 

• A migration away from the wired, fixed handset to head sets and headphones (wireless and 
wired), many of which are digital and very high quality – and which can be worn comfortably for 
extended periods of time while not getting in the way of using a keyboard or mobile device. 

• As mentioned earlier, a migration away from the PSTN to application-based VoIP calls.  For the 
user, this means greater convenience and, potentially, a better audio experience.  For the 
enterprise, this means lowered costs and greater manageability.  The shift has been typically 
initiated through the use of desktop video calling services , instant messaging, and web 
conferencing solutions, as well as IP-PBX services that support the use of soft phones. 

These changes are not complete, however, as indicated by our survey respondents. Even as they are 
enjoying the fruits of mobility, new VoIP technologies, and the use of new devices, users continue to 
have issues with traditional audio conferencing.   

As shown in Figure 1, over 2/3 (69%) of survey respondents prefer to connect to a conference call using 
a landline today.  However, the data indicates this is strictly due to the performance issues currently 
associated with soft phones and cell phones. When asked how they would prefer to connect if there 
were no performance differences, the survey group’s preferences shift fairly radically – to indicate an 
almost three-way tie between each connection method.  Thus respondents are stating clearly that they 
would use their cell phones or soft phones as much as landlines were there no performance differences.   
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What is your preferred way  
to connect to a conference call? 

 
Figure 1 – Device Preferences 

If a soft phone performed better than the  
other two, how would you feel about using it? 

 

Figure 2 – Use of Better-performing Soft phone 

Continuing to drill-down on the potential use of soft phones, as indicated in Figure 2, over 1/4 (27%) of 
respondents indicate they would use soft phones exclusively if they performed better than the other 
two devices.  Almost an additional 1/2 of respondents (47%) indicate they would use soft phones one 
notch below exclusively. Only 3% indicate they would never use a soft phone.  Thus, were soft phones to 
offer the best performance, it is clear that users would be ready to use them.  

When asked about their current experiences with audio conferences, survey respondents indicated that 
call fidelity issues – in particular background noise, the inability to understand if more than one person 
speaks, unnatural interactions, and lack of clarity are cited as bigger concerns than call reliability and 
ease of use in establishing a conference call (see Figure 3).   One reason for this is that audio quality is 
degraded by mixed-mode calls (PSTN and VoIP combined), mobile devices with poor telephony 
performance, mobile environments (cars, auditoriums, airports and the like), and open floor / cubicle 
work environments.  In addition, the fact that the quality of audio produced by industry-standard 
speakerphones can vary (often the result of poor room design and human behaviors in relation to those 
tabletop devices) and it is clear why audio quality is a primary user concern. 
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Are any of these issues relevant to you? 

 
Figure 3 – Audio Conference Call Issues 

Such performance issues impact behavior – experienced conference callers know to mute themselves 
because they have been on enough “challenged” calls to know that the fewer “open mics,” the better.  
Yet those changes in behavior impact interactivity in a negative way, because muting a device when not 
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poorly.  
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The Audio Conferencing Chain 

The technology behind an end-to-end audio conferencing solution consists of a series of interrelated 
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Figure 4 – A Typical Audio Conferencing Chain 

The audio conferencing chain should be considered a complete system as the components (the “links”) 
of the chain are inter-dependent and the overall performance of the chain can be adversely affected by 
its weakest component.  The chain’s processing steps (“Proc.” in Figure 4) must accommodate a number 
of real-world issues, including echo cancellation (prevents the speaker from hearing the reflection of 
their own voice from the receiving end), noise & wind elimination (especially relevant with the 
increasing use of mobile devices), reverb elimination, and automatic gain control (so that each speaker 
is reproduced at the same volume).  The quality of the mics, amplifiers, audio-to-digital (A/D) and digital-
to-audio (D/A) converters, audio compression codecs, transmission quality (where the Internet presents 
a major challenge), the conference mixer, and speakers also play a critical role.  The chain faces a design 
trade-off: while software designers may want to use complex processing algorithms for each link, they 
cannot afford lengthy compute times as this will adversely affect the quality of interaction by injecting 
latency (the time it takes for an audio signal to go through the chain).  Excessive latency can make it 
hard for someone to interrupt the person who is speaking as you would in a normal conversation, thus 
making the conference feel like one person has to stop speaking before the next person can talk. 

A number of technical advances are “raising the bar” for a state-of-the-art audio conferencing chain.  
The use of a headset with a quality microphone can capture a speaker’s voice better and cut down on 
background noise.  Advances in CPU processing power – both in the audio bridge and the endpoints – is 
making it possible to execute better voice quality algorithms without a significant increase in latency.  

Perhaps the most important advance consists of access to digital bandwidth via the Internet for voice 
transmission (in lieu of the PSTN) to enable the use of wide band audio codecs, which extend the cutoff 
frequency from 3.4khz to 7khz (and potentially higher).  Wide band makes listening to speech less 
fatiguing as the brain is presented with more of the natural audio “information” – which, for example, 
makes it easier to recognize consonants that contain high frequency content (such as S’s and T’s)2.  The 
use of wide band codecs in a conference can present complications, however.  While the high frequency 
information received from wide band participants is beneficial, the “data vs. noise” ratio associated with 
these higher frequencies is inherently worse – thus wide band signals must be further conditioned to 
reduce interfering high frequency noise. In addition, the audio conference chain must be able to deal 
with a potential mix of wide and narrow band signals  as not all participants will be wide band enabled 

                                                             
2 A parallel situation occurs when reading text: Text presented in all upper case letters is harder to read than a mix of upper and 
lower case letters as the latter provides more visual cues for the brain to process. 
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(e.g., cell phone and landline users).  The ideal audio conferencing chain should be able to process and 
enhance narrow band participants so that they sound as natural as is possible to wide band participants, 
and vice versa.  

Spatial Audio Rendering 

Spatial audio rendering, when applied to audio conferencing, is positioned to transform the experience 
in a way that has few comparisons.  It bears some kinship to another, long-ago major leap in audio 
technology: the move from mono to stereo. At its essence, spatial audio presents the conferencing 
participant with an audio landscape that spatially separates two or more participants, ultimately 
resulting in an improved audio experience for the listener.  In most natural listening environments the 
auditory system (ear and brain) is often confronted by a plethora of noises, via sounds that span a wide 
spectral and dynamic range.  

Consider the conference room with multiple 
talkers, or the din of a subway with trains and 
announcers and street musicians, or a cocktail 
party with many ongoing conversations.   The 
auditory system, that blend of ear and brain 
working together, must simultaneously process 
all of the many input source sounds.  Yet the 
brain has a natural ability to interpret sound 
based on cues that help it preselect what to 
focus on: an individual speaker, or a group of 
musicians, or the singer within the group of 
musicians. Technically speaking, while it is using 
many cues to identify which components of a 
sound belong together, one of the most 
dominant is what scientists call “spatial cues.” Put simply, the brain detects the origin location for where 
individual audio components are coming from. This simple, totally unconscious physiological behavior 
provides one of the most informative and reliable cues for focusing on and interpreting individual 
sounds.  In effect, what the brain does is determine which sounds are spatially similar, which are 
spatially distinct, joins together what it wants to focus on and “casts aside” that which is unnecessary – 
without even being conscious of the behavior. 

The science of understanding human auditory behaviors is well grounded, and the effectiveness of 
spatial audio has been understood for almost fifty years.  A variety of studies have shown that humans 
experience dramatic improvements in interpretation and absorption of sound that has been spatially 
separated.  Those improvements can result in a number of benefits: 

 
Figure 5 – Spatial Audio Rendering 

Traditional
Conferencing

Spatial Audio 
Rendering
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• Increased detectability and accuracy in hearing a target source – basically becoming better 
equipped to separate out unnecessary sounds and focus on the necessary, in this case a single 
talker in a noisy multi-talker environment. 

• Increased accuracy in hearing multiple sources (talkers and background audio) without losing 
focus – in essence, being able to simultaneously hear multiple talkers or sources without what 
the world often calls “sensory overload.” 

• Improved ability to detect interrupting or waiting talkers during an ongoing conversation – 
basically being able to be more in tune with the dynamic of the moment and more intuitively, 
aurally assign content to appropriate talkers. 

• Increased ability to identify the number of talkers present in a multi-talker environment – this 
results in more efficient interactions between talkers because the ear almost instinctively knows 
who is present and has a more natural interactivity with those who are present. 

Academic research has shown that in order to achieve a level of intelligibility equal to spatially 
separated talkers, the desired signal in a monaural mix would need to be 13 to 20 dB louder than the 
interfering talker.3 

With advances in consumer electronics, this leading-edge audio processing can be delivered using 
today’s standard devices.  The prerequisites required to participate in a spatial audio conference include 
a VoIP-capable device (PC / Mac, tablet, smartphone using data connection), spatial-capable audio 
conferencing client software, and a set of stereo headphones or ear buds. With the increase in 
employees bringing their personally-owned mobile devices to the workplace (Bring Your Own Device - 
BYOD) and subsequently using that device for both business applications and personal applications, 
stereo headsets in the workplace are becoming increasingly prevalent. 

Survey Results – Listening Samples 
The survey participants were asked to listen to three samples (A, B, and C) and gauge their preferences 
for and attitudes towards each sample against the following “qualities criteria” – in part to raise their 
awareness of what to listen for: 

• In which sample is it easier to understand the conversation?  
• In which sample does the conversation seem clearer? 
• In which sample does the conversation sound more balanced (all talkers were about equally 

loud)? 
• In which sample does the conversation sound more comfortable (you could listen to it for a long 

period of time)? 
• Which sample sounds most natural? 

                                                             
3 13 to 20dB of gain is observed for controlled speech content enabling increased accuracy for hearing a low level talker among 
competing talkers (Ericson and McKinley 1997; Arbogast et al, 2002) 
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• Which sample is the most intelligible (you can understand what was being said), even if it 
doesn’t sound the most natural? 

• In which sample is it easier to distinguish who was talking? 

The samples consisted of the same dialog – a snippet from a “typical” audio conference – as reproduced 
using three different audio conferencing chains: 

• Sample A: Narrow band PSTN (current audio conferencing quality) 
• Sample B: Wide band (mono) 
• Sample C: Dolby Voice wide band with spatial audio (stereo) 

After considering each sample vs. the “qualities criteria,” the survey participants were asked to rank 
which audio sample they preferred overall.  The results, which are shown in Figure 6, are tabulated for 
all respondents and for those that had stereo headsets.  

Sample C is preferred by the overwhelming 
majority of the survey group: about 2/3 (64%) 
of the entire survey group prefer Dolby Voice 
wide band with spatial audio, while a total of 
72% of those with stereo-capable endpoints 
prefer Dolby Voice.  Another 27% of the entire 
survey group prefers Sample B – wide band 
without spatial audio.  Thus over 9 in 10 (91%) 
prefer the updated audio conferencing chains 
vs. the Narrow band “PSTN” sample.  

The survey group used a number of very 
similar words in waxing enthusiastic about the 
Dolby Voice sample.  These include – in rank 
order – words like “clarity,” “spatial,” “fidelity 
or natural,” “noise reduction,” and “balance” 
(equal volume of each voice).   These words 
were offered spontaneously and most often by as many as 40+ of the respondents. Some of their 
specific verbatim remarks that reflect their enthusiasm about the experience follow: 

“I liked that the voices were coming from both sides.  (It was) like I was in a room with 
the people.” 

“Different users spoke left to right; (it felt) closer to real life, though it was a little 
distracting at first.”  

“It altered the volume of each voice left to right, using surround sound technology to 

  
Figure 6 – Listening Samples Results 
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give (me) the appearance that different people were situated in different locations to me 
as the listener, allowing me to (spatially) separate them in my head.” 

“How clear and louder the sample C was. It is indeed a much better choice for any 
conference call.”4 

“There seemed to be less audio conference ‘hiss’ and better balance between the 
speakers on the call.” 

“It was very easy to hear.” 

“The clarity of C (made it) my preferred clip.  (It) was about on par with B.  But C also 
utilized stereo imaging, so the speakers were even easier to differentiate between.” 

“I liked how the audio tracked from side to side ... it made it easier to distinguish the 
different people talking.” 

“Sample C was the easiest for me to determine the different people - especially when 
discussion overlapped. Very clear on both left and right side.” 

“It's clarity without any external noise.  The conference sounded more like a normal in 
person conversation.” 

 “I love that it simulated being in the same room - I have many calls with offshore 
partners and it can be very difficult to keep the voices straight of people you've never 
met in person. When the voices seem to come from different corners it really separated 
the voices for me. There also were no humming noises during the pauses - that is an 
issue I have with my current solution, and although it doesn't inhibit interaction, it can 
give me a headache. “ 

“The separation of the speakers made it easier to tell there were actually 5 people on 
the conference.  I didn't get that from A at all. Also on C the hum from John's background 
was gone. That was annoying on the other two.” 

“It was ‘hi def 3D audio’.  Not only was it clearer but it was directional (as if speakers 
were sitting around a conf room table), which helped to discern the voice to the 
speaker.” 

“It’s cool.” 

The Dolby Audio Conferencing Chain 
After extensive development, user testing, and “tuning,” Dolby Laboratories has packaged its advanced 
wide band with spatial audio conferencing chain as an end-to-end software solution that is ready to go 
to market. The software consists of a server component that runs on standard Intel-based server 
                                                             
4 All samples were digitized at a consistent volume.  
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platforms (which functions as the “media server” in a service provider audio conferencing architecture), 
and client software for popular devices including PCs / Macs, Android devices, and the iPhone / iPad.  
Traditional telephony devices such as landlines and cell phones are also accommodated and “tuned” in 
the offering.  The software is intended to be integrated with a service provider’s existing audio 
conferencing application, with the intent of delivering a natural, high fidelity conferencing experience. 
This results in unique and highly differentiated audio quality improvements that were clearly preferred 
by those we surveyed.  In fact, a significant portion of those surveyed indicate that audio quality impacts 
the extent to which they deploy and feel comfortable with audio conferencing.   

Summary 
After years of technological stagnation, where the biggest developments may have been reservation-
less, self-serve capabilities, audio conferencing is ripe for change.  An advanced end-to-end audio 
conferencing chain featuring wide band audio, advanced noise processing, and spatial rendering could 
very well be the next best thing for driving growth of audio conferencing markets.  Recent external 
factors are setting the stage for increased usage: the adoption of VoIP and soft phones, the transition to 
powerful, stereo-capable devices catalyzed by the BYOD movement, and the growth of mobility all 
create an environment that  while complicating the challenge of delivering very high definition audio, 
also truly invite performance improvements. 

The supply chain for delivering high quality audio conferencing consists of a mix of hardware, software, 
and service providers, and never before have they faced the challenge they face today surrounding the 
rapid commoditization of audio minutes.  The availability of an end-to-end audio conferencing solution 
that contains state-of-the-art low noise, wide band, spatial audio technology that can accommodate a 
mix of devices and connections (PSTN and VoIP) is a means towards delivering a differentiated user 
experience.  Those service providers that drive performance improvements in audio conferencing have 
an opportunity to transcend the commoditization of audio.  Perhaps most importantly – the result will 
be a service that, as confirmed by the results of the listener testing conducted by WR, users will 
recognize and appreciate – leading them to be less likely to change service providers based on price.  

One survey respondent may have said it best: “Better audio means long calls are less tiring, and greater 
clarity, not having to ask for people to repeat things.”  This comment bodes well for potential 
productivity improvements to be gained if audio conferences can be conducted more comfortably and 
effectively through the use of this technology.   A differentiated user experience resulting in productivity 
gains by knowledge workers could separate leaders from followers, innovators from copycats in the 
Conferencing Service Provider market. 
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in environments from the cinema to the living room, from mobile devices to the boardroom.  For more 
information about Dolby Laboratories or Dolby technologies, visit www.dolby.com. 
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