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ABSTRACT

Nedim Cem Aytekin, “The Impact of Speech Recognit®ystems

on Business Effectiveness”

The main purpose of this study is to examine tfeces of speech-enabled
interactive voice response systems in contact cergpecifically in Turkey. In order
to perform this analysis, data was collected fraum Turkish companies in the retalil
and airline sectors, who are very well known inrthespective areas of commerce.
The data from the speech recognition systems icdhganies were studied in order
to reveal patterns in multiple criteria, which weletermined according to the
research questions designed previously. It is detexd that a speech-enabled IVR
system generates a rapid return on investmentglhssva significant increase in
contact center metrics across the board, if theesyss congruent and well-designed.
Multiple implications were determined and detailedhe conclusion along with
three managerial suggestions. Limitations wereattadysis of inbound systems only,
the existence of time-wise asymmetrical data, arddw number of existing

systems providing data to the study.



TEZ OZET

Nedim Cem Aytekin, “Kongma Tanima Sistemlerinin

Isletme Verimliligi Uzerindeki Etkileri”

Bu calsmanin temel amaci kogiona tanima sistemlerinin dzellikle
Turkiye’'deki ¢a&ri merkezlerinin tzerindeki etkilerini agtarmaktir. Bunun
yapilabilmesi icin, mgazacilik ve havacilik sektorlerinde faaliyet goster
alanlarinda oldukga taningnki firmadan veri toplanmtir. Bu toplanan veriler
Uzerinde incelemeler yapilarak, gata dncesinde agairma sorularina dayanarak
hazirlanmyg kriterlerin degerleri analiz edilmy, ve bu analizden ortaya ¢ikan yapilar
belirlenmstir. Sonug olarak, yerinde ve iyi tasarlagroir konisma tanima
sisteminin ¢ok hizl bir yatirim getirisi ortayayaugu ve dger ¢a&ri merkezi
kriterlerini de lyilestirdigi gozlemlenmgtir. Cikarilan dger sonuglar ve ¢ adet
yonetimsel 6neri bgnci bolimde detaylanmgtir. Calsmayi sinirlayan unsurlar ise,
sadece i¢ arama yapan sistemlerin analiz egibimnasi, stre agisindan asimetrik
veriler bulunmasi ve de Turkiye'de kaggmoa tanima sistemlerinin seyrek bulunmasi

sebebiyle, sayica ¢ok sistemin incelenengestmasidir.
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CHAPTER 1

INTRODUCTION

Technology has made a dramatic impact in bothéhace sector (Zeithaml and
Bitner, 2000) and the manufacturing sector (McD@igu993), and continues to do
so as the development of new products, system&laad results in an increase in
the overall efficiency in human industry (Lienhat®85). In today’s market,
technology is seen as a strategic and tactical aespsupport organizations in
developing competitive strategies and to enablmtteeachieve sustainable
competitive advantages (Harrison and Samson, 1997).

The main reasons behind this increase in the fonatf technology in
today’s organizations are twofold: to decreasescastl to minimize uncertainties
(Kelley, 1989). New technological developments edosdecrease costs differently
in the service and the manufacturing sectors.émtanufacturing sector, technology
enables the use of new tools and machines thamare efficient in their tasks and
more flexible in adapting to changing business reguents (Milgrom and Roberts,
1990). On the other hand, technology in the sersemor enables organizations to
provide well-suited, personalized services to tig@mer (Bitner, 2001).

Development of telecommunication throughout an ectao community has
been causally linked to macroeconomic growth (R@kd Waverman, 2001), as

well as microeconomic growth (Lenert, 1998). Thependence led to an explosive



proliferation of touch-tone interactive voice respe (IVR) systems, and in the last
ten years automatic speech recognition (ASR) sys{€uahen et al., 2004).

These ASR systems enable users to command sysigragfdrm pre-defined
tasks using their voices over telecommunicatiomhesys, mainly mobile or land-
based telephones. The main strength of the speeokymition systems when
compared to touch-tone systems is the customeatdifzction with complicated
touch-tone menus and interactions (Cohen et @4R®\Iso, this technology allows
humans to interact with computers in a mode they tlse to communicate between
themselves; which is a very important distinctiombte compared to other, more
traditional forms of input, such as keyboards, maretelephone keypads (Rudnicky,
Hauptmann, and Lee, 1993).

In this study, I will be trying to understand soafehe effects of the
deployment of ASR systems in Turkish companies.nifathe return on
investments, customer satisfaction, and other kefppmnance indicators determined
by the case in question will be examined to helgaépatterns in current and future
speech recognition systems in Turkey.

Two cases will be examined in this study; Compang Arominent airline,
and Company B, an electronics retail chain thatlgeployed speech recognition
systems. Although both are technically equivaldr,system specifications are quite
different; therefore, at times, the quantitativéadavailable in the two cases might be

different in nature and extent.



CHAPTER 2

BACKGROUND

Speech Recognition Systems

As Markus Forsberg (2003) puts it, “Speech recagmitor more commonly known
asautomatic speech recognition (ASR), is the process of interpreting human speech
in a computer” (pp. 2). This definition, while sigfent in layman’s terms, is lacking
in explaining what actually this process is techlyc A more specific definition
might be the mapping of acoustic signals to wordgs (Jurafsky and Martin,
2000). This mapping enables the system designevaiate these word strings to
critical concepts that are “understood” by the aapion in question.

An ASR system is basically a mathematical model ¢baverts given
acoustic signals, or sounds, into words of a pexdahed language. All languages
can be modeled by speech recognition systems amgdages share many
commonalities (Schultz and Waibel, 2001); howetergrocess of language
modeling requires rigorous and extensive work. Takkish language has been
modeled by many different organizations to daté ditferent levels of success. For
commercial purposes, only recent developmentsarast five to six years have

allowed for deployment of Turkish ASR systems.



Technical Overview

The typical components of an ASR system are: acépgignal, a representation/
conversion of the speech signal as feature veaargydeling/classification, and a
complex search function supported by training dakee output of this process,

obviously, is the set of recognized words.

Training Data

A 4 A A

Acoustic Lexical Language
Models Models Models

Recognized

Speech Signal [p| Representation |p Modeling L Search L
Words

Figure 1. Components of a typical speech recognition system

In current speech recognition technology, usinglandMarkov models is the most

successful and most widely used method of the maglef acoustic signals (Juang
and Rabiner, 1991). A regular Markov model is deysin which the likelihood of a
future state only depends on the current statenand of the past states. In hidden
Markov models, the same condition holds true, betdurrent system state is

unknown; only the possible states and their outcoane known.



For this application (i.e. speech recognition) dedd Markov models have
been used since the 1970’s (Rabiner, 1989). Mangti@ns and combinations of
algorithms and processes used alongside hiddendMankdels exist, such as
context dependency, cepstral normalization, disoative training techniques and
the Viterbi algorithm. These algorithms and proessae not further detailed;

however a simple, three-state Markov chain is ginefigure 2 as an example.

Figure 2. A three-state Markov chain

In Figure 2, states are given by S;, and 3, while the transitions are given byi,a
a1, etc. In this example, the system can either istég current state, or perform a
transition to any other. Each change of state (examples such as;ain which the
system stays in its current state, count as tiansj occurs according to a set of
probabilities that are given for that condition.

Each state in the hidden Markov model correspongsd-defined speech
units in the language model, whereas the transittmmrespond to the feature vectors

that are extracted from the acoustic signal. Bygagsy probabilities to each



transition, the combination of the states with leigthprobability with a given origin
is calculated, resulting in a word recognition.

While these processes go on in the backgroundjd@elistens to prompts
from the system, and tries to respond to them apbropriate answers. The voice
user interface (VUI) is the face that the desigamresents to the user. The VUI
performs basically the same functions a graphisat interface (GUI) performs for
any regular visual application: it enables humamyjgoter interaction. Almost all
functions one can access in the IVR applicatioreltavbe delivered through the VUI
to the user, as the user has no way of knowing Wiegtcan say to perform a certain
function, excepting some commands which might bguitous (like, “operator” or
“go back”).

Designing the voice user interface is a very @ltart of the speech
recognition system design process. VUI designemgecipom a wide assortment of
backgrounds such as speech technology, user icgaitssign, cognitive psychology,
linguistics, and software development. These fialdd many more supply the vast
knowledge base that is required for efficient amccessful VUI design, while at the
same time making standardization of techniques mumfe difficult (Cohen et al.,
2004).

The success of the speech recognition systeminsatély connected to both
the quality of the recognizer and the quality @& thoice user interface (Kotelly,
2003). Even if the recognizer in an ASR systent ihe highest quality, it will still

be judged by the ease-of-use and accessibilitis amterface.



Business Applications of Speech Recognition Systems

Today, speech recognition systems are being useekisingly in telephone-based
applications in finance, transportation, telecomivation and other sectors (Kotelly,
2003). Such applications as shop locators andtfigbrmation prompters are able
to be developed for telephones as these functiamsat be adequately performed by
a touch-tone IVR system. For example, passing att@sgination and departure
information via a telephone keypad is very impi@dtiassuming the customer inputs
airport codes (which might prove ambiguous in s@embinations). With speech
recognition, this becomes an easy task, which reg@lmost no conscious effort
from the user’s side, whereas the same user matknow the three-digit IATA
Airport Code of their departure or destination, &ag to search for it to accomplish
their aim.

Generally, speech-enabled IVR’s might be considaredpgrade over touch-
tone systems; however there are some situationsich users prefer touch-tone
over speech: entering private information like Riles, or credit card numbers.
Also, because of the technical nature of curreaesp recognition technology, short
utterances are sometimes hard to discern from woiner. For example, in Turkish,
numbers like “bir” and “iki” can be sometimes cosdal because of the short
duration of speech and similar sounding phonemiais. groblem can be
circumvented by directing the user to enter mond, fopefully relevant, information
by the voice user interface. In some cases, thé opdsnal solution is the
combination of touch-tone and speech recognitigtesys to produce an input

pattern which the user feels comfortable with (Véalt al., 2000).



Thousands of commercial speech recognition systews been deployed all
over the world for different purposes: trading &sdracking packages, checking
airline schedules, booking flights, renting carsitigg weather and traffic conditions
et cetera (Cohen et al., 2004). Not all these egpdins are considered successful;
there are different criteria for each categorypmlecation depending on the strategy
of the deploying company. In the contact centetosemainly, two important criteria
present themselves: the ability of the user to mdish their aim without problem
and on time. In almost all cases where these tierier are fulfilled, there will be
significant cost savings to live agents, as weBigsificantly improved customer
service compared to touch-tone systems (Fluss,)2003

Two main methodologies of ASR system deploymentamplementing
existing live agent-based contact center portfadiod replacing touch-tone based
IVR platforms. In live agent-based contact centérs,main benefits are cost
reduction and constant presence. Agents incur ¢oglts and almost in all cases at
least some functions performed by live agents eareplaced by the ASR system.
Also, the ASR system can provide a constant prestvat customers will come to
depend on, whereas agents might not be availabkube of off-hours or peak-
hours. As mentioned before, touch-tone based NARqrims can totally be replaced
by speech recognition systems. In cases where ttmmehbased applications perform
poorly (i.e. usage rates are low), speech recognition systeansbgerved to perform

even better; as shown on Table 1.



Table 1. Projected Speech Recognition Usage

Current Touch-tone Usage Rate | Projected Increase Rate New Usage Rate
<20% 80% - 150% 34% - 50%
20% - 30% 45% - 100% 29% - 60%
31% - 45% 40% - 50% 43% - 68%
> 45% 10% - 30% 50% - 70%

Source: Fluss, 2003

During times of economic decline, such as in tosl@yobal market, companies
naturally undertake measures to decrease costaiandize expenditure deemed
unnecessary. One of the results out of this linth@fight in contact centers is the
decrease in the number of live agents, which iabWtleads to a decrease in
customer service quality. As acquiring new cliearts far more expensive than
maintaining current ones (Chiou and Droge, 200&nhmanies should strive towards
keeping their existing customer base, while atstirae time reducing costs.

One of the most important elements in reducing atpanal costs while
maintaining customer service quality is deployingpaech-enabled IVR system,
which can resolve 20% to 60% of calls (Dawson 200&)h a well-implemented
ASR system, the call volume can even increaseeagphrational costs decrease; by
decreasing wait times for customers and abandoaléchtes (Argaman, 2009). .

Also, one of the greatest cost items in contactersns a high volume of
unnecessary calls, comprised of calls which ddonog additional value to the
contact center. Managers today are trying to divexse calls to self-service systems,
one of which is the speech recognition system. Afgftems are currently not the

most widely used systems for this purpose; howdhermain trend in self-service



applications is leading towards web-based selfiserand speech recognition in

today’'s market, as shown on Table 2.

Table 2. Interactions by Self-service Application

Self-Service Application % of Self-Service Interactions % of Self-Service Interactions
(2006) (2005)
Touchtone IVR 43% 59%
Speech Recognition 10% 3%
Web-based Self-Service 47% 38%

Source: Contact Babel, 2004

Although the research is detailed and extensivéhersubject of IVR and ASR
system implementation, each company has uniquebidities and weaknesses.
These details should be known before the IVR systepmtementation, so that a
financial report that calculates the return on steeent (ROI) can be formed.
According to Fluss (2003), the following criterieeanecessary in order to accurately
calculate the payback from a speech-enabled IVRcappon:

» Average call length

» Average talk time of the DTMF (touchtone) IVR syste

* Average talk time of the speech IVR system

» Average hold time for agent calls

= Toll free cost/minute

» Cost per agent-handled call

These criteria enable an analyst to determine keviRthin a certain range

of error, effectively predicting the success (@ failure) of the IVR system

deployment. As mentioned before, even though nialtipprough analyses have
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been performed on many, many cases, a personaéingth on investment report is
critical for the overall success of an IVR systestallation.

In calculating the payback, or the ROI, of a speedognition system, there
are both “hard” and “soft” benefits (Fluss, 200Bjree main areas of hard benefits
exist, with which a speech investment can be jestifincrease in productivity,
reduction in current cost, reduction in anticipatedt. Productivity increase is
basically the reduction in the number of agenterdgact center has to employ, which
leads to reduced numbers of supervisors, traimetgjaality assurance specialists.
Reduction in current cost is the time that liverggelo not have to spend with
customers on the line, as well as the number ¢ taé agents have to handle.
Reduction of anticipated cost is derived from tbalability of the speech recognition
system when compared to the scalability of the remolb agents when the total
number of calls is increased. IVR systems, esggd¢lase with speech recognition
support, scale very well with increasing numbecalfs (Cohen et al., 2004). This
scalability allows the variable costs that canrimiired in the future through
increasing called volume to be minimized.

“Soft” benefits are very hard to quantify or attrib to specific investments.
However, the accumulation of multiple “soft” benesfalongside well-calculated,
“hard” benefits will lead to a greater sense ofcass. A selection of “soft” benefits
that should be examined through a ROI analysisufioorganization is as follows
(Fluss, 2003):

» Reduction in customer call backs
» Reduction in call center hardware and software
» Reduction in agent attrition

= |ncrease in customer satisfaction

11



* |Increase in customer loyalty
* Increase in revenue

In an ASR system deployment, some of these iterghtmiot exist.
Nevertheless, the system and its components shewdehalyzed well not to miss any
“soft” benefits from the return on investment caddtion.

The many advantages the IVR system offers also eoithea set of
disadvantages. There are three main areas ofidfaséibn with IVR self-service:
the low number of customizable points in the tratisa, technical errors in the
speech recognition software, and a preferencelivéhhuman agents over
computers (Dean, 2008).

Many users, sometimes rightfully, observe a lackustomization in their
conversations with speech recognition systems. i§tabviously derived from the
fact that computer artificial intelligence (Al) hast been developed to a point which
it passes the Turing test (Turing, 1948); thatassuch a point that the user cannot
tell the difference between a computer and a husmnthrough a communicative
medium. This lack of intelligence sometimes leadpdints in conversation in which
the system can no longer satisfy the needs ofgle At this point, the most prudent
option is to allow the user to connect to a liveratgto solve their problem without
any further agitation (McCartan-Quinn et al., 200&hile the option to connect to a
live agent is very critical, the loss of custonaydlty and satisfaction may be
unavoidable at that point, since the customer thieks the transaction cost for them
is increasedi(e. more time and effort required than before), amdsystem was
introduced for the benefit of the company, rathantthe customer (Dean, 2008).

The second main concern is the technical erroscaged with IVR systems.

Telephony based speech recognition systems obtanerage of 82-84 percent

12



success rate in accuracy (Rolandi, 2007). Althahghseems like a high rate, out of
every ten utterances the user inputs, on averag®wotwo of them will fail to be
understood by the system. These failures add pecesdly over the course of a long,
transaction-based system, and the user findstibgitare no longer satisfied with the
service offered by the company.

The third point, preference for live agents ovanpaterized systems, lies
with the perception of the customer that they,distomer, is providing human time,
whereas the company is providing machine time (D2@@8). This imbalance,
according to the Fairness Theory (Folger and Croguam, 1998), creates
dissatisfaction for the customer, which manifetssli in the form of lower customer
loyalty and inferior company image.

Although mentioned before, in the light of thesalgses it is once more
pointed out that the customer being able to conieeatlive agent at any point they
wish is of extreme importance. “Reactance” deserthe mental state of a person
whose freedom to behave as they wish has beerne¢heshin some form (Brehm,
1966). A user who has been able to connect taeeaalpent before the deployment of
an IVR system, who can now only interact with aegrerecognition system will
understandably be in a state of reactance. Irctse, an IVR system complementing
live agents has to position itself well; that tsshould be very clear to the user that
they can in fact connect to a live agent as sodheswant, and that the system is in
place to streamline their operations and help thernhhinder them.

In viewing these disadvantages compared to thersagas of the IVR
system, today’s marketing trends have to be tak®ndonsideration. The main
reason for IVR implementation is cost reductiormestthan customer satisfaction

(Snow, 2005), and this is contrary to marketindgsaphy today. In the last hundred

13



years, the focus has shifted from the needs aofahgany (cost reduction, additional
revenue, additional profit) towards the needs efdtstomer (customer satisfaction,
customer loyalty), and companies attempt to cortstadditional satisfaction and
loyalty into revenue by placing themselves abowsr ttompetitors in their respective
sectors (Kerin, Hartley, and Rudelius, 2004).

According to this analysis, most companies wouldpmefer IVR systems in
their contact centers over live agents. Howevemeastioned before, the
proliferation of IVR systems in today’s environméstzery comprehensive; almost
all contact centers, in one fashion or another |\yBesystems to respond to their
customers. This apparent dilemma can be explamedigh the strong cost reductive
properties of the IVR system; that is, during tinnégconomic struggle, especially
during economic crises, companies will search faltipie avenues of cost
reduction, accepting the sacrifice of customesgattion in order to cut their losses.

The critical point, then, is to find the optimalipbof cost reduction and
customer satisfaction in the deployment of an I'yBtam. While the recent growth
in speech recognition technology has helped matietswering error rates and
lowering response times (Cohen et al., 2004), satice systems have a self-
defeating side in reducing cost while reducing congr satisfaction leading to a
weaker position in the market for the company, eajent to the generation of less
revenue (Brown, 2004). Finding this critical poafitoptimization is quite difficult;
however it can be accomplished by the diligentemibn of data and rapid response

to the conclusions reached from the analyses oddtae
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Literature Review

The technical aspect of speech recognition is studcademically in a very detailed
way; however, academic studies on the businessteftd IVR systems on
organizations are very few; in fact, a thorougleaesh only revealed a total of two
academic papers on the subject (McCartan-Quinh,&094 and Dean, 2008).
However, a wide selection of white papers origimatrom multiple sectors and
countries exists; a very good, if sometimes biasetpf resources.

White papers by multiple consultancy firms, alonthvibooks on speech
recognition implementation have been studied aldleghe few non-technical
speech recognition academic papers. As IVR and &8kems depend on many
disciplines for successful application, other acaiddevel papers on such subjects
as psychology, mathematics and economics havebatso studied.

The existing work on IVR self-service in the manageat literature reports a
certain level of frustration with IVR systems, aheé study by Dean (2008) reveals
the theoretic explanation as to the reasons optiemnomenon. This study, alongside
multiple success stories by multiple consultanoygi on cost reduction has been
studied in a detailed way in order to form a mattéted understanding of the current
position and placement of IVR systems in today@neeny.

As mentioned before, there is a very limited sédecdf speech enabled IVR
implementations in Turkey. Therefore, the docuntgneand published studies of
previous implementations are almost nonexistens Study is, in that context, an
original work, taking data from live speech recomm systems in Turkey, and trying

to evaluate that data in the light of previous &sigh other countries.
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CHAPTER 3

METHODOLOGY

Overview and Research Problems

Two speech enabled IVR implementations in Turkeyewexamined in this study:
Company A, a chartered airline, and Company Biailrehain store specializing in
electronics. Both IVR systems have been designeekldped and implemented by a
Turkish software company specializing in speeclgetion systems, which has
been providing the data.
The three main research questions that were des@lo@fore the study began

are as follows:

e How does a speech-enabled IVR system affect saesampany?

e How does an IVR system perform from a ROI perspeéti

e How does an IVR system perform from a cost redagberspective?

All these questions are to be answered regardifydystems in Turkey, a
topic not studied previously, depending on reseafaertain databases that cover
related topics.

The main research methodology employed in thissheshe longitudinal
study. Longitudinal study can simply be definedresobservations of items over

16



long periods of time (Menard, 2002); this studyegkies the companies in question
for over three years.

Generally, longitudinal studies are used to anabaaulations in biology,
sociology or other fields requiring demographicengitudinal studies are useful for
studying individual-level change over time, whehme vital statistics for any system
are under inspection, to provide analyses that nalylde researchers when using a
method that shows a snapshot of the system. Irstindly, the data that were
analyzed over time were gathered from both theamrdenters, as well as the speech
recognition systems. The selection of longitudstably as the main method is
critical: the lifetimes of the contact centerslod two companies are analyzed in
order to present a meaningful picture of what titeoduction of the IVR system

changes throughout these operations.

Backgrounds of Observed Companies

Company A, a chartered airline based in Turkey,ldees using speech recognition
technology in their IVR system since July 2007. TVR system that was in place
for the company before the July of 2007 was ontgladirection system by which
the users were directed to respective agents lmasskKill sets.
The IVR consisted of the following options:

e Ticket purchase and reservations

e Flight information requests

e Customer relations

e English-speaking agents

e German-speaking agents

17



These touch-tone options then led to respectivatagerho handled the calls.

The speech recognition enabled IVR system waslliedtaver the current touch-tone

based IVR system, which enabled the redirectica edrtain amount of calls that

requested flight information from agents to the ASRtem. The quantity of

redirected calls, along with other related inforimatabout the system, is given

further in this study.

The ASR system consists mainly of three distinptitrsteps: departure

location, arrival location and date. An exampldatae would commence in the

following form.

A sample dialogue between Company A System ancekCall

System:

Caller:

System:

Caller:

System:

Caller:

Hello, welcome to the Company A flight mf@tion service.
Please tell me your departure and arrival locations
From Istanbul to Ankara.

Very well, when would you like to go?

Tomorrow.

Sure, we have 3 flights from Istanbul td#a; 10:30, 12:00
and 15:30. There are 3 empty seats in 10:30 farL9%
empty seats in 12:00 for 90 TL, and 1 empty seabi30 for
100 TL. You can now connect to an operator by sp{sales”
in order to purchase a ticket or make a reserva¥on can
also hear the previous information again by sajiageat”.

Sales.

18



At this point the caller is connected to a live @igeith the departure, arrival
and date information also passed along, enablie@gent to continue the transaction
without redundant answers required on the patetaller.

As a previous study by Dean (2008) points outfrtteedom to speak with a
live agent at any point in the conversation isaltto the success of any IVR
system. In the Company A flight information systentaller can say “operator” at
any point to connect to a live agent, or say “hatpdrder to get further instructions
regarding the juncture they are in. Also, in theecaf three consecutive errors on the
part of the caller (an error being defined hereras of three events: timeouts, in
which the caller is silent; low confidence utterasicin which the system is unable to
understand the caller; and DTMF errors, in whiahdhller uses the touch-tone
system on their phone instead of speaking), tHeraalautomatically transferred to a
live agent, with the system apologizing for itshitiy to help the caller.

Company B is a retail chain store with many logagigpread throughout
Turkey. It is currently the strongest of its kimdgross sales, as well as number of
locations. Company B currently has a distributedtact center system, in which
calls are distributed between two outsourced com@aters depending on load on
either one.

The speech-enabled IVR system is basically a shegidr application, which
aims to reduce the load on live agents, by perfograi function that can be
automated. The regular IVR system that was in pledere the speech-enabled
system consisted of the following functions:

e Store contact information
e Item ordering

e Physical store information (stocked items, etc.)

19



e Internet store information
e Authorized service information

e English-speaking agents

These functions were grouped according to spee@kkill sets required, and
calls were distributed to live agents as they adivl he current IVR system also has
these touch-tone based options; however, currémlystore contact information
option leads to the speech-enabled IVR systermoail bermits. As there are thirty
ports available currently for this deployment, thiety-first concurrent user
requesting this option through the IVR system isnawted to a live agent.

Authorized service information section is also eatly speech-based,;
however, that section is not in the scope of thud\g as the data available on it is
not of a sufficient quantity.

An example dialogue for the Company B store contdotmation system is

provided below.

A sample dialogue between Company B System aneCall
System: Hello, welcome to the Company B store aintdormation

system. Which city is the store you want contafdrimation

in?
Caller: Istanbul.
System: Very well... There are too many storestaribul for me to

list. In which district or shopping mall is the stoyou are
looking for?

Caller: Sariyer.
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System: The information on Company B stores iny®arare as

follows...

The system then proceeds to relay the relevantivdtion to the caller,
which includes addresses, phone numbers and faRineaoumbers for the closest 5
Company B stores to the district given, determibga@ geographical algorithm.

After the information is communicated to the custonthe customer retains the
option to ask another store for contact informatmomnnect to a live agent, listen to
the same information again, or disconnect the call.

As with the Company A speech recognition systenifipi@ consecutive
errors are handled by transferring the caller ligeaagent. Again, the caller is free to
say “operator” at any point in the conversatiooider to connect to a customer
representative.

As it can be observed from the above case dethdswo ASR systems are
in fact quite similar in some perspectives. Both deployed over existing touch-tone
IVR systems to complement their functions and penfautomation where it cannot
be realized only with a touch-tone interface. la @ompany A system, departure
and arrival locations are far too numerous to hamdthout a coding system (such as
the IATA airport codes), which unnecessarily comgies things. Also, inputting
dates are far less intuitive, as the caller caphlirsay “tomorrow”, “two days later”
or “next week”, whereas in the touch-tone systdm,rtumbers have to be dialed in a
certain format for the computer to recognize. & @ompany B system, 81 cities in
Turkey, as well as copious amounts of districtinitarger cities, such as Istanbul,
Ankara, Izmir or Bursa, have to be coded in anaiegvay, not to throw off any

users.
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A detail that is shared among the systems is tbidit &f these ASR systems
are of “limited vocabulary”. That means, what tlsemcan say is quite limited; the
designer can predict all possible answers thathgilaccepted by the system, and
define the system accordingly. This leads to logestomization; however, accuracy
is increased in a very significant way. Accuracylhe regular rate of success, in
Turkish is about 76-80 percent; in these typediofited vocabulary” systems, this
rate is increased to about 85-90 percent.

Another similarity is in the reason of the develammnand deployment of
these two systems: they aim to take off load friwa &gents by resolving relatively
simplistic and repetitive tasks on the agents’ pad conserving valuable talk-time
for the contact center, as well as try to enablpleyees to conserve enthusiasm and
achieve high morale, increasing level of service emstomer satisfaction (Carlaw,
Carlaw, Deming, and Friedman, 2002). Also, the ctidua in talk-time leads to a
lesser number of abandoned calls; number of abadcalls being one of the main
factors in the service level, a very critical kerformance indicator (KPI) in contact
center literature and business. Both contact cemtgpire to a certain service level,
which the systems try to help with.

The differences between the systems should alsom&dered; however, for
many purposes they are actually quite similar. flaén, and most critical, difference
is the design philosophy behind each system. T were designed to perform
different functions, and to deal with different tarser bases, even though
underlying algorithms and technology are very meghivalent. The voice user
interfaces reflect the difference most clearly, vehevery word uttered by the system

is important. As this is a quantitative study, thex no practical and realistic way to
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compare the effects of different phrases on usieisapproach will be omitted from

the study.

Data Collection

The data collection phase of the study was longaaddous, as the companies in
guestion are understandably particular about hgnolih data on their contact center
systems. Also, some data were received throughdfteare company which
developed these two systems, over the course oisalmyear.

One half of the data is on the speech recognitystems, while the other half
is on the contact centers. The part on the spestgnition systems was received
from the software company, as these systems argethan a per call basis, and
detailed invoices are collected for transactiongaippses.

The contact center based data was received fronp@aymA and Company
B; however, as there were multiple contact cerdatsourced at different times to
perform the same jobs, the data was amalgamat@di@r to produce a more

manageable data set.

Expected Results and Propositions

In this study, it has been previously explained lrowVR system affects a contact

center’s daily operations. According to these glings, there were a few key

themes, through which five propositions were dgvetb

23



Theme 1: Value as an Investment

The IVR system is expected to prove a valuablestnmaent when applied as a
solution to a relevant problem, and designed amdemented in a high-quality
manner. One of the most concrete ways of calcgaimd measuring economic value
in today’s market is the return on investment; R@I be examined in multiple
manners to provide a detailed overview of the valihe IVR system as an
investment.

P1. A speech-enabled interactive voice response system that is well-suited

and well-designed will provide a premium return on investment.

Theme 2: Effects on Transactions

While these systems do not provide direct optionsurchase items, nor any form of
transaction, they allow the customers to procueveaat information without
connecting to a live agent. This cascading effeetxpected to affect number of call
per sale (or transaction) ratio in a positive wayeneral overall positive effect on
sales is also tentatively expected; however,aix{gected to be very difficult to
separate a regular trend from the increase caysttebmplementation of the IVR
system.

P2. A speech-enabled interactive voice response system providing
information on products or services will decrease the number of calls per

transaction.
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P3. A speech-enabled interactive voice response system providing
information on products or services will increase the absolute number of

transactions.

Theme 3: Number of Calls and Load on Agents

Number of calls incoming to a contact center ig/\@itical, since businesses
generally do not employ a sufficient amount of esgpks to handle all calls; some
are inevitably abandoned, a direct result of nadable to respond to incoming
calls. It is also a very critical indicator of cant center performance as mentioned
previously.

It is expected for the IVR system to reduce thel loa agents by 20 percent
at the minimum, as determined by the frequencyatiéis requesting information
from live agents. Also, the absolute number of dbaed calls is expected to
decrease, or stay the same in the case of no teetidg otherwise, such as a general
increase in the number of calls. In any case, dtie of abandoned calls to total
incoming calls is expected to be reduced.

The “soft”, ill-defined benefits of the IVR systeom the employees and
customers cannot be formed as propositions, sinseery difficult, and not in the
scope of this study, to estimate employee moraistomer satisfaction. However,
these benefits deserve to be mentioned; namelylogegmorale is expected to
increase as repetitious tasks are relegated tonateol machinery, and customer
satisfaction is expected to increase as more dadticsemployees respond better to

callers. Also, fewer live agents are expected talleathe same amount of calls,
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therefore hardware and software costs for the cootnter are expected to be
reduced.

P4. A speech-enabled interactive voice response system will reduce call load
on agents by the frequency of callers requesting relevant information. This reduced
call load also leads to a number of imprecise and ill-defined benefits for the
organization.

P5. A speech-enabled interactive voice response system will reduce the ratio

of abandoned calls to total incoming callsin a contact center.
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CHAPTER 4

RESULTS AND DISCUSSION

Overview

For both systems, collected data was processaqu@éadsheets to construct graphs in
order to present the results. The graphs will lm®apanied by explanations as
necessary. No statistical methods were deemed sagess the data is clear and the
graphs represent the results in a concise manner.

The IVR system for Company A was deployed in tHg 2007, whereas the
data on the contact center extended further baoklJenuary 2006. Company B
started using their system in May 2007, howevex cthntact center data only went
back to January 2007. The scarcity of data previodise IVR system deployment
complicates the analysis of trends and other vimsaln Company B statistics
through the duration of transition to the new systin any case, mostly, the data
and the results are clear enough to be able tod@ptable, and any questions left by

the scarcity of data are pointed out.
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Company A Results

Figures 3 and 4 display the number of incomingsdallthe contact center, the
number of incoming calls diverted to the IVR systamd the ratio of each to the
total amount of incoming calls. In these figurdsarrdoned calls are not included in
any way. Figures 5 and 6 represent the absolutéeuaf abandoned calls and the
ratio of abandoned calls to the total incomingscall

Figures 7 and 8 deal with transactions; Figureti@sabsolute number of
transactions committed through the contact centieereas Figure 8 is the ratio of
calls per transaction, in effect demonstratingit@igon for contact center sales
efficiency.

Figure 9 is about the ratio of calls completedha VR system
corresponding to the calls transferred to a liverddrom the IVR system. Figure 10
represents the studies on return on investment damary 2008 through April
20009. In this graph, the ROI is the comparison lo&lue of the IVR system versus
the TL value of live agents who would have beenleygal if the system were not
used. This is the monthly operational cost of ygtesn subtracted from the Total
ROI, in essence, the true cost trimmed down byctmpany each month.

Some baseline values are accepted in calculatengetarn on investment: 22
workdays per month, eight hours per workday, andgant efficiency of 65 percent,

as determined by the consultancy firm in chargédefcontact centers.
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Company B Results

The results for Company B are given in the sammébras Company A; to reiterate
the figures and their details, Figure 11 is thaltoumber of incoming calls to the
contact center, compared to the total number df aaoming to the IVR system;
Figure 12 displays the ratios of agent managea galisus IVR system managed
calls. Abandoned calls are displayed absoluteBigire 13, and as a ratio to the
total incoming calls in Figure 14.

Figure 15 is the total number of transactions haake taken place in the
duration of the study, and Figure 16 is the rafioalls per transaction committed.
Figure 17 is the percentage of calls completetien VR system without any need
for interaction by a live agent. Figure 18 displélys return on investment provided

by the IVR system for Company B.

37



8¢

100000

90000

80000

70000

60000

50000

Number of Calls

40000

30000

20000

10000

2007Q1

2007Q2

2007Q3

2007Q4

2008Q1

Year/Quarter

2008Q2

2008Q3

200804

2009Q1

= Number of Answered Calls

u Total Incoming Calls to IVR

Figure 11. Company B, number of incoming calls




6€

100,00%

90,00%

80,00%

70,00%

60,00%

50,00%

Ratio

40,00%

30,00%

20,00%

10,00%

0,00%

2007Q1

2007Q2

2007Q3

2007Q4

2008Q1

Year/Quarter

2008Q2

2008Q3

200804

2009Q1

= Ratio of Agent/Total Calls
= Ratio of IVR/Total Calls

Figure 12. Company B, ratios of agent/total and IVR/total incoming calls




ov

12000

10000
v
‘® 8000
o
©
[0}
c
(=]
Ee]
c
S 6000
<C
[T
(o]
]
o)
g 4000 — —
Z \/
) B I B i
0 7 T 7 T 7 T 7 T 7 T 7 T S T S T L
2007Q1 2007Q2 2007Q3 2007Q4 2008Q1 2008Q2 2008Q3 200804 2009Q1
Year/Quarter

Figure 13. Company B, abandoned calls (Absolute)




144

14,00%

12,00%

10,00%

8,00%

6,00%

Percentage of Abandoned Calls

4,00%

2,00%

0,00%

2007Q1 2007Q2 2007Q3 2007Q4 2008Q1 2008Q2 2008Q3 200804 2009Q1

Year/Quarter

Figure 14. Company B, ratio of abandoned calls to total incoming calls




[4%

1200

1000

800

600

Number of Transactions

400

200

2007Q1

2007Q2

2007Q3

2007Q4

2008Q1

Year/Quarter

2008Q2

2008Q3

200804

2009Q1

Figure 15. Company B, number of transactions (Absolute)




1514

180

160

140

120

100

80

Calls/Transaction

60

40

20

2007Q1 2007Q2

2007Q3

2007Q4

2008Q1

Year/Quarter

2008Q2

2008Q3

200804

_

2009Q1

Figure 16. Company B, calls per transaction




1474

100%

90% |—

80% |—

70% |—

60% |—

50% |—

40% —

IVR Call Completion Rate

30% |—

20% |—

10% —

000 B T — T D T B T =

Year/Month

Figure 17. Company B, IVR system call completion rate




St

8000 TL

7000 TL

6000 TL

5000 TL

S 4000TL

3000 TL

2000 TL

1000 TL

oTL

Year/Month

Figure 18. Company B, return on investment of IVR system




Discussion of Results

In general, the results are in line with the exagohs previously stated; however,
the validity of some propositions could not be asgeed from the amount of data
available to the study. To present the findinga soncise manner, the findings are
again arranged by theme; three previously expeabedes are explained in the
Methodology section, whereas any new themes defreed the results are

described for the first time in this chapter.

Theme 1: Value as an Investment

The results show a clearly positive return on ibwesit on both companies, as
evidenced by the Figures 10 and 18. P1 propose¢a tvall-designed and well-
placed speech-enabled IVR system would perform agedn investment. When the
total cost reduced (based on the Invoice) is diviog the number of calls, a sense of
how well the system performs from a cost redugterformance can be gleaned. In
the Company A system, the value of cost saved gleamounts to 0.345 TL,
whereas in the Company B system, it amounts tod0T29 the weighted average of
the two values is 0.353 TL. While the formula fblaoging each call differs for the
companies, the values are quite close per callifamaveighted average, along with
the absolute return on investment values, givesg@manformation to conclude that

the data in our study is consistent with P1.
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Theme 2: Effects on Transactions

The results concerning transactions are twofolgufés 7 and 15 deal with absolute
number of transactions, while Figures 8 and 16 déhl number of calls processed
by live agents per transaction.

P2 predicted an increase in efficiency, i.e. ae@se in number of calls per
transaction; in the Figures 8 and 16, we can ssgnéicant decrease in this value
throughout the lifetime of the system.

P3 predicted an absolute increase in the numbiamgactions. This
proposition is not as easy to demonstrate or refsitdie others, as the transaction
data does not clearly show an increase. It is kiarg to remove the trend from the
transaction data, and that means the proposities dot seem in line with the data.

However, there are two factors that remedy thesdn: the fact that a cost
oriented approach is being taken and that the etmaomy is in a state of crisis are
both reasonable justifications for the inabilityaioserve an increase in the total
number of transactions. Actually, sales numbengrsjathe same during an
economic crisis is actually a very desirable sibrgtwhether the speech recognition

system has enabled that or not is very hard tamete.

Theme 3: Number of Calls and Load on Agents

The absolute number of incoming calls to live agemtd the IVR system are given
in the Figures 3 and 11, and the ratios are gindfigures 4 and 12. The number of

abandoned calls (calls that were supposed to heeaed by live agents, but couldn’t
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be answered for some reason) is given in Figuiasds13, while the ratios are given
in Figures 6 and 14. Also, calls completed in ¥R kystem are given in Figures 9
and 17.

P4 stated that the load on agents will be reduggtidfrequency of callers
requesting the information supplied by the IVR eystand this reduction of load
will result in multiple, intangible benefits. It cdbe observed from the ratio of calls
handled by live agents that the load is, on avenagkiced by 22.8 percent, which is
a significant reduction. The absolute amount ddandled by live agents does not
decrease in any significant manner, since themasée be an upward trend in the
absolute number of incoming calls to the call centéhile the first part is in line
with the data, in the second part of the propasitibe intangible benefits stated
deserve a section of their own, and thus are engudain a new theme.

P5 proposed a decrease in the ratio of abandotisda@#otal calls; this is
revealed to hold true from the Figures 6 and 14tHéumore, the absolute number of
abandoned calls seems to decrease as well, evemheiincreasing amount of total

incoming calls.

“New” Theme 4: Soft Benefits

As mentioned in the theoretical part of the stidgft” benefits are advantages
provided by the IVR system that are difficult toagtify. Some theoretical examples
are given in the Business Overview section.

In the Company A and Company B systems analyzadn@er of “soft”
benefits have been observed throughout the longtidarof this study; some of these

findings are presented under this theme. Howetvehauld be mentioned that the
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findings under this theme are not directly derifresn the previous results and
mainly supported by the experiences of the perdptiverefore, all findings in this
section should be tentatively accepted.

As the literature suggests, in the systems stutheddecrease in the number
of abandoned calls leads to a decrease in custatieacks, and an increase in
customer satisfaction. This increase in customgsfaation does not seem to
directly translate into higher revenue; howeverther study might reveal a pattern
to this situation as well.

The IVR call completion rate is higher on averagéhe Company B system
compared to the Company A system. While this magrgmfrom the difference in
user interface designs, or any other design dexisi® most probable cause is the
technical differences between the two systems.ddrapany A system is more
complicated and secure, while the Company B sysgesimpler. This complication
has led to poor system performance at times, cqusistomers to connect to live
agents unnecessarily; especially in the secondejuair2008.

The reduction of load mentioned in Theme 3 increasgent morale, by not
having to manage simple and repetitious calls, estioned previously in the
theoretical section of the study. This increasearale led to a direct increase in
customer satisfaction in both contact centers.

Finally, for some customers, it has been observatgerforming
transactions through the IVR system proposes som@gdifficulty and that they
prefer to speak to live agents. This also has bapported by existing academic
literature (Dean, 2008, McCartan-Quinn, et al.,£00@owever, with the option of
connecting to a live agent at any point, as wed &sarning-enabled voice user

interface, the customer is either connected teeadgent, or is taken through the
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process in a slow manner. The main reason fomdgsativity seems to be

technological aversion, and is generally obserndtie older customer base.
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CHAPTER 5

CONCLUSION

The main aim of this study was to detail the natfrgpeech-enabled IVR systems in
Turkey, along with demonstrating the advantageg tlaa provide to Turkish
companies. Through the examination of data provimetivo speech-enabled IVR
system implementations, it has been shown thatResystem is a cost saving
option with a rapid return on investment for comparconsidering lowering their
contact center costs.

Both systems have displayed a similar rate of neturinvestment over time,
as savings per call are very similar. This showas shcongruent speech recognition
system with a per call payment business methodgbegiprms very well in the
Turkish market; especially in the current econofricisis, no or little initial
payment makes for a very attractive offer on the pbthe business. Speech-enabled
IVR systems are very appropriate for this kind d@uginess model; as calls are being
transferred to the IVR system, some portion ofdbst reduced by lowered agent-
time and talk-time for the company is redirecteth® system owners. This leasing-
style business model has been successfully appligdse two projects, and the
future of similar projects in Turkey looks promigin

A contact center managing calls has multiple pti@siin matters that should
be analyzed in qualitative methods as well as aiaine methods. Many metrics,
such as the ratio of abandoned calls, or the seteie| are used in order to

determine the success of the contact center. Beiymse numbers, the contact
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center has to provide its services in a way tesfamost of its customers, as well as
making sure that the agents are providing almasséime level of service to each
and every customer through inefficient quality aasae methodologies.

It has been demonstrated in the study that théesde of a working speech-
enabled IVR system reduces both the absolute nuafladyandoned calls, and the
ratio of abandoned calls to total calls, which algectly benefits the service level. A
significant increase in transaction efficiency @tation with the existence of the IVR
system has also been shown in the study; thatdiscieease in the number of calls
processed per transaction committed occurs asttemation required by callers
previous to purchase is distributed via the IVRheathan live agents. This is
particularly valid in the airline sector, where thestomer needs to make sure that the
locations available matches their travel itinenargvious to purchasing a ticket.

In conclusion, a speech-enabled IVR system impleatem is a beneficial
project for any contact center in Turkey tryinge¢ouce costs while keeping
customer satisfaction at the same level. The ssaafethe implementation depends
on the quality of development and design, espegomallthe recognition rate of the
system and the usability of the voice user interfAthen deciding on the feasibility
of a speech recognition project, it should alwagképt in mind that the IVR system
cannot be a complete replacement for a live agéhttihe current level of
technology, but can only complement the agent sesvin a contact center,

providing a very welcome, and necessary, appraachst reduction.
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Managerial Implications

The points mentioned until now are all observabité whe right tools; diligent
collection of data and a detailed analysis are ghao provide a contact center with
information to compare itself to indicators of sess or failure. One of the main
points encountered in this study, however, is #sathe human factor is inevitably
involved in the contact center business; there b@llunquantifiable indicators as
well as the ones mentioned above, which a managetohwatch in order to be
successful in any meaning of the word.

In today’s market, the customer’s satisfactionta&en its place in front of
decreasing costs as a method of generating moeawevand profit for the company.
Considering this, a very critical point emergedtigh the study: all IVR system
implementations have to take care in not makingcttstomer feel restricted by
taking away the option of speaking with a live agarany point in the conversation
in order to reduce costs further. This type of b@raactually generates significant
displeasure on the part of the customer, leadiagtaway to competitors. Rather,
the IVR system has to be considered a tool in asirg level of service to most of
the customers by increasing agent morale and eaadmghrough automated
handling of repetitious tasks. If this approactaleen, as was in both studied
implementations, the customer will not be feelitigraated or restricted, and will
view the IVR system as an additional option, wheaists for the sole purpose of
helping them. At this point, it is worth to mentithat it has been observed that in
most situations, IVR systems cannot increase cuatgatisfaction; generally a
contact center should aim to keep customer satisfaat the same level while

implementing an IVR system.
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Another interesting point that arose in the stugdthat the speech recognition
system has a unique advantage placement-wise key:ut is a fairly new and
unheard of technology by the general public. Ihrgaction from many users has
been awe and wonder, which generally leads to giy@bias towards the system.
Obviously, this advantage will not exist forevemdacompanies who can leverage
this potential will be one step ahead of the rdste, it should specifically be
mentioned that transactional systems do not yet @xiTurkey, and after some
studies are conducted in existing systems in fore@untries, an investment in a
transactional system (such as a stock purchasefstdenation system, or a bill
payment system) might harvest this potential.

This unique advantage also offers a unique chatl@sgwell: the voice user
interface has to be designed in such a way thethablogically unfamiliar user will
be able to perform the tasks the system requirglsout the system being abrasive or
frustrating. This becomes a more sensitive isssi¢he customer base using the IVR
system is expanded. The level of education andlifaity with technology shows a
significant deviation in Turkey based on multipdetors, so these factors (such as
location, income, etc.) have to be considered gigieng the voice user interface;

even when deciding on the feasibility of the IVRt&m for the project at hand.

Limitations

The present study has three main limitations. Fagtech recognition systems are
relatively new to Turkey; not many applicationssexwhich limits the extent of data
available from multiple companies in the same se&econd, the study focuses on

inbound calls and inbound call handling systemstact centers working with
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outbound calls might experience different resditsrd, the data in the study is
asymmetrical time-wise; Company A data goes ba@0f6, while Company B data
goes back to 2007. This asymmetry causes some ambl@sitation in declaring
some propositions consistent or inconsistent viaehdata. Further data collection

and analysis will help to clarify some points.

Future Research

As not many academic studies exist on the topl¥Bf systems viewed in a business
perspective, multiple points of potential studygarate from this work. The
unguantifiable benefits of the IVR system can ppshiae examined further by a
gualitative method. Transactional speech recogngigstems do not exist in Turkey
yet, but they are probably very close to surfacfogeign transaction-based systems
may be analyzed to construct a framework for Tlrkisplementations. Also, a
gualitative study based on reactions of Turkislhrsit@vards speech recognition
systems might discover different results than egsstudies conducted in other
countries. Another angle that might be studiedust@mer satisfaction; a qualitative
study on how a speech recognition system affedmer satisfaction and loyalty

in detail is an interesting and important subject.
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