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FIGURE 1  CPL Measures Customer Perceived Latency

ly, and most enterprises are swimming in perfor-
mance data—yet few are able to translate these
numbers into how well their applications perform
from a business point of view. This is particularly
true for voice applications.

At the same time, voice self-service applica-
tions handle the majority of customer-initiated
contacts in almost every organization, so their per-
formance is critical. All too often, however, the
importance of measuring these applications is
overlooked, or the results are lost in a mass of
other performance measurement data.

Customer perceived latency (CPL) is a simple
measure that captures the most important behav-
ior of voice self-service applications. CPL is the
length of time between the end of a caller’s input
and his/her perceiving the successful response
from the system, as shown in Figure 1. Because
CPL measures performance at the application

DDoonn’’tt  hhaanngg  uupp..  PPlleeaassee  ssttaayy
oonn  tthhee  ppaaggee,, aanndd  tthhee  nneexxtt
aavvaaiillaabbllee  ppeerrffoorrmmaannccee--
eennhhaanncciinngg  BBCCRR aarrttiiccllee  wwiillll
bbee  wwiitthh  yyoouu  sshhoorrttllyy..

V oice self-service applications can help to
lower operating costs, increase efficiency
and provide better customer service, but
only if they work reliably and consistent-

ly. Unfortunately, this isn’t always the case. In
fact, 79 percent of respondents in a recent 
Empirix survey said technology issues in their
implementations regularly impact agent produc-
tivity and customer experience.

Of course, measurement and monitoring can
help ensure that any application performs proper-
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level, it includes not only the traditional transport-
level round trip time (RTT), but also the time it
takes for speech recognition, database access, etc.

Surprisingly, there appears to be no standard
term for this simple concept. It has been called
response time, user latency, dialog turn duration,
and various other terms.

The direct relationship between response time
and usability is common knowledge: Most people
have first-hand experience with slow applications
and the frustration they generate. The challenge
comes in developing effective CPL targets, mea-
suring CPL appropriately, and then using these
measurements. Few organizations do these tasks
effectively (or at all), but, with the right tools and
knowledge, they can be put to straightforward and
beneficial use.

Connecting CPL And Customer Satisfaction
Users of speech applications expect the timing of
the application’s responses to closely mimic that
of human conversations. If they have to wait too
long for a response, they can become impatient
and may exit the system. In other cases, they may
start to repeat inputs and cause the application to
re-process or misrecognize responses. Either of
these situations can kill the effectiveness of an
otherwise well-designed application.

As shown in Figure 2, there is a strong connec-
tion between latency and caller satisfaction. These
curves represent the subjective ratings of 153

users on a phone banking application, where a rat-
ing of 1 means “not satisfied” and 10 means
“completely satisfied.” Curves are shown for three
different implementations of the same application:
One requiring the user to make touchtone inputs
(DTMF); one using traditional or structured
speech (“say ‘checking’ or ‘savings’”); and one
using conversational speech (“how may I help
you?”—“which account?”). 

The threshold satisfaction rating of 7 in Figure
2 is based on asking users whether they liked the
application, then finding a satisfaction rating that
divided most “yes” answers from most “no”
answers. This is somewhat arbitrary, and the spe-
cific shape of these curves will vary with different
applications and audiences, but determining a
threshold is important and these responses are typ-
ical. A few observations:
■ In general, faster is better; slow responses inter-
fere with usability. Once latency exceeds a certain
level, users are likely to either hang up or request
a live agent.
■ Responding too quickly can interrupt and irri-
tate users, or cause them to pause in their
response. This is indicated by the curves in Figure
2 rising from moderate satisfaction with a nearly
immediate response to a peak with less than two
or three seconds perceived latency. Immediate
responses are unusual in practice due to network
times (RTT), which are commonly in the 200–300
ms range, and application times for even the sim-
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FIGURE 2  Caller Satisfaction vs. CPL
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plest interactions, which are often 300–500 ms.
Even so, very quick responses are far better than
very slow responses.
■ The more dialog-oriented the speech, the faster
users expect the system to respond. Users will
accept a wider range of wait times when using
touchtone input systems (DTMF) than when using
structured or conversational systems.
■ Consistency is important. Although this is not
reflected in Figure 2, applications that have a con-
sistent CPL receive much higher satisfaction rat-
ings than those that are erratic, even if the erratic
application is sometimes faster.

■ When a longer wait time is needed for the sys-
tem to respond to the customer’s request, it is
important to advise the customer immediately.
Issuing a spoken prompt like “one moment
please,” can reset a customer’s expectations so that
a longer wait time is less likely to be seen as unac-
ceptable system latency.
■ The best measurements for CPL are the type
used in service level agreements, e.g., X percent of
turns with CPL under Y seconds. Every turn mat-
ters, and a single call can include many turns, so a
rating “per call” could be misleading.

What is a good “rule of thumb” benchmark for
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FIGURE 4  “After” Results: Same Hardware And Application With New Configuration Options
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CPL? Each system and application has to deter-
mine a target. In our experience, many touch-tone
implementations have CPL in the range of 
1–3 seconds. Some applications aim for 95 per-
cent of turns under 3 seconds, some for 95 percent
under 2 seconds. However, we have found several
applications, especially conversational ones, that
have more stringent latency needs: in one system,
for example, the CPL target was 98 percent under
1 second.

Microsoft’s documentation about performance
engineering for its Speech Server describes cur-
rent industry solutions as having “80 percent of
calls with user-perceived latency of less than 2.5
seconds”. There is no substitute for understanding
each application and audience, but our experience
suggests an appropriate target for most voice self-
service applications would be 95 percent of turns
with CPL under 2 seconds.

Using CPL In Design 
The best way to ensure that any technology
deployment delivers on its business objectives is
to establish performance goals before the design
process even begins. This provides clear bench-
marks for success, and helps guide both the solu-
tion design and its deployment.

For voice self-service applications, several
measurements are important, including CPL,
resource utilization (CPU%) and success rate (call
resolution rate, opt-out rate). CPL is the most crit-
ical, however, since it dramatically affects caller
satisfaction with the automated system and the
rate at which callers opt-out of it.

The minimum achievable CPL (e.g., the
response time of a single call on an empty system)
can be measured easily during early development.
Once an acceptable baseline for application laten-
cy is achieved, capacity requirements can be

determined by estimating current and future call
workloads. With a repeatable load test, you can
then test and tune CPL during later-stage develop-
ment and system integration. With this kind of
careful planning and ongoing testing, the
resources needed to maintain the CPL in the pro-
duction environment can be adjusted fairly easily.

System Configurations And Parameters Matter
It is remarkable how much CPL can vary across
different implementations. Modern voice self-ser-
vice applications (especially those based on
VXML) are made of many “moving parts.” Even
systems and applications with established config-
uration guidelines need consistent measurement
and tuning.

Figure 3 and Figure 4, for example, show real-
life “before” and “after” measurements of a con-
versational system for billing inquiries that, even
at a moderate size, required 9 servers to operate.
Each dot on these graphs is a single measurement,
with different colors for different turns in the
application. The Y-axis is CPL in seconds, and the
X-axis is the time of day during the test run (these
tests ran for nearly 20 hours each).

The CPL goal for this system was ambitious:
98 percent of dialog turns (customer perceived
responses) taking under 1 second. (Measurements
were taken in a lab, where the network delays are
near 0, so users across a network would 
experience a CPL 100–300 ms longer.)

Using the system’s standard configuration
guidelines produced a CPL that was unacceptably
slow; many dialog turns were taking as long as 6
or 7 seconds. The standard configuration guide-
lines failed in part because they did not address
highly conversational applications, and in part due
to plain old errors.

The appropriate configuration was determined

A good target for
most voice 
self-service apps
would be 
95 percent of
turns in under 
2 seconds
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FIGURE 5  Time-Based CPL Analysis Of A Phone Banking Application

03fried-p26  4/21/06  9:48 AM  Page 5



30 BUSINESS COMMUNICATIONS REVIEW / MAR 2006

by trial and error and repeated load testing, in this
case numerous experiments over the course of
three weeks. By changing a few hardware config-
uration options and rearranging the processes that
operated on each machine, the goal was achieved:
99 percent of dialog turns went to under 1 second.
Since CPL measurements were taken at the start
of the planned development process, the extra
work and extra testing added only a week to the
overall deployment schedule.

Post-production Monitoring Of CPL
Once established, CPL measurements should be
used throughout the voice self-service system life-
cycle: design, development, system test, produc-
tion. Many issues only exhibit themselves in pro-
duction, and some develop due to changes that are
made long after an application is launched and
running well.

CPL data collected from a production system
can be analyzed with several different techniques
to provide greater insight into system behavior.
This data is typically collected using periodic
measurements over 1–2 weeks to gain a true indi-
cation of production trends and issues.

Measuring CPL in a production environment
from across the same phone networks that cus-
tomers use, provides empirical and accurate mea-
surements across all hours of operation. Calls that
mimic one or two typical self-service transactions
are placed every 10–15 minutes (except for
planned system downtime). At each step of the
transaction, the CPL is measured and recorded.
These measurements can be analyzed in three dif-
ferent ways, as follows:

■ Time-based CPL analysis: Charting the CPL
by time of day provides empirical data with which
to fully understand the impact of internal proce-
dures on callers and to help make better capacity
and tuning decisions. An example is shown in Fig-
ure 5. Each dot represents a single CPL measure-
ment taken by test equipment automatically call-
ing the application over the phone network and
measuring the response times.

Notice that most of the calls have a CPL
around 2 seconds, but a fraction of calls actually
have a CPL around 12 seconds. This is a relative-
ly extreme example, but these types of discrepan-
cies are fairly common in distributed and complex
systems. The root cause is often a misconfigured
system or extra delays incurred in routing to par-
ticular systems or sites. Since less than 10 percent
of calls in the example incur this high delay, the
cause is unlikely to be caught without systematic
measurements.

Figure 5 also shows that CPL rises slightly
beginning around 7 a.m. and throughout the busi-
ness day. While the increase is not large, it does
indicate that the CPL at this point of the transac-
tion is dependent on call volume. Future increases
in call volume may cause more significant laten-
cies. By tracking this data periodically, the appli-
cation designer can better anticipate required
capacity increases.

In other cases, we have seen CPLs as high as
30 seconds in the wee hours, typically caused by
nightly system maintenance and backups. These
activities are required, but their impact on cus-
tomer experience may be overlooked—who calls
their own IVRs in the middle of the night? Once

The root cause of
CPL variability is
often found in
one or more
system
misconfigurations
or routing delays
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FIGURE 6  Comparative CPL Analysis—DTMF versus Speech Inputs
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you know there’s a problem, however, solving it is
relatively easy: All that was needed in this case
was to give the backup procedures on the affected
systems a lower priority than the call processing
on the target machine. 

If late-night CPL measurements are consistent,
but measurements during peak load hours are
erratic, this usually indicates different perfor-
mance on different servers or platforms in a load-
balancing configuration. Such variability should
be identified and avoided by effective pre-produc-
tion performance testing—but if the pre-produc-
tion work wasn’t done, at least proper testing in
production can help identify the problem.

While time-based analysis is most often done
based on time of day, similar analysis can be done
using day of the week, day of the month or sea-
sonal times over the year (e.g., holiday traffic). In
many cases, this reveals interesting and useful
trend data that are otherwise missed by traditional
monitoring methods.
■ Comparative CPL Analysis: This technique
measures 2 turns that vary in only one aspect, in
order to provide further detail to aid in trou-
bleshooting or in making an architecture decision.
The variable may be the physical server or loca-
tion from which the CPL is taken, or the modality
(DTMF/speech) used in the transaction. For
example, Figure 6 shows CPL measurements of
the same transaction performed using DTMF
input and speech input. Both inputs are producing
consistent measurements, but the speech inputs
are producing a 1-second higher CPL.

This information can aid troubleshooting and

resolution. For example, extra latency in the
speech input responses may be due to excessive
delays when processing speech on a remote serv-
er. On a review of the system architecture, it may
be advisable in this case to relocate that server.

Another important example of comparative
CPL analysis is to look at applications as they
change over several months. As self-service appli-
cations evolve, their CPL can be affected by rising
call volumes, as well as application and system
changes. A good practice is to compare measure-
ments against a baseline on a regular basis; this
can prevent creeping performance degradation.
■ Transactional CPL Analysis: Rather than
viewing CPL as a standalone measurement, this
technique displays each step of a typical customer
transaction. This view gives an excellent perspec-
tive on customer experience, and quickly high-
lights performance bottlenecks. Transactional
CPL analysis also can enable a more informed
decision for on-premise self-service upgrades or
changes.

Figure 7 shows a typical analysis for a health
care transaction (Claim Status). For each step of
the call flow, the thin black bar shows the mini-
mum and maximum range of the aggregated data
over the collection time period (in this case 2
weeks). The thick white bar shows the 5th to 95th
percentile data range, indicating where the major-
ity of values fell. A consistent and well perform-
ing system will have a short black bar, and a small
white bar, in addition to low overall values.

In Figure 7, the transaction shows excellent
performance up until the “Enter Date of Birth”

Nightly system
maintenance and
backups can
impact CPL in 
the wee hours
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FIGURE 7  Transactional CPL Analysis Of Claims Application
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prompt. From that point forward, CPL is both
longer and highly variable (long thin black bars).
In the case at hand, at this point in the transaction,
the call is transitioned from network prompting by
the carrier to on-premise prompting by interactive
voice response (IVR) systems. We can infer that
the processing involved in verifying date of birth
and date of service against a subscriber and the
work in retrieving claim status all suffer from
load- or data-dependent delays, perhaps indicating
a need for database performance tuning.

Conclusion
CPL is a new term for a simple, established idea:
measuring latency from the caller’s perspective. It
can be a very powerful tool in creating and main-
taining voice self-service applications. Customer
satisfaction and the customer quality of experi-
ence are critical to an organization’s success, and
latency is an important element of usability and of
the customer experience.

CPL can and should be used throughout the
application delivery process: from design, through
system test and deployment, to production moni-
toring. Measurements are done from outside the
system, ideally across the same networks cus-

Customer
satisfaction is
critical to an
organization’s
overall success

tomers use. Products and services are available to
make CPL measurements simple, non-intrusive
and cost-effective.

Remarkably little is published about appropri-
ate CPL targets, but it can be straightforward to
establish and maintain good CPL and customer
experiences. While consistency is more important
than the absolute time to respond, a faster
response time is generally better; and the more
dialog oriented the speech, the faster the system
response should be.

CPL varies significantly from platform to plat-
form, even with the same application. Organiza-
tions which use hosted facilities to run their voice
self-service applications can benefit from moni-
toring their CPL. Measurement and optimization
of CPL in development and system test can result
in vast performance and usability improvements,
and avoid customer-impacting problems in
deployment.

In the end, the way customers perceive an
application’s performance is a key factor in its
effectiveness, and Customer Perceived Latency is
the most important metric for measuring a speech
application’s performance
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