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Policy and Managerial Issues of Voice over Internet Protocol(VoIP)
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Abstract

Which factors should influence consumer consideration to subscribe to Voice over Internet Protocol
(VoIP)? Policy issues, managerial concerns, and demographic variables are possible factors, This paper
discusses policy and managerial issues regarding VolP adoption. A model that explains VolP adoption
is proposed and tested. This study analyzes a survey of 750 prospective VoIP users in Korea. The
testing is accompanied by logistic regression and discriminant analysis. The results show that trust in
VolP, relative comparison of quality to fixed service, numbering plan, satisfactions of call quality and
customer services on both fixed and mobile services have impacts on the adoption of VolP.
Implications for VoIP providers and policy makers are presented.

Keywords : Voice Over IP (VoIP), User Profile Analysis, Call Quality, Customer Service, Numbering
Plan, Quality of Service (QoS), Logistic Regression, Discriminant Analysis
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1. INTRODUCTION

The rapid growth of new services like the
Internet leads to various changes in the tele-
communications market, which, in turn, in-
evitably leads to reconsider conventional
voice-oriented telecommunication regulations.
For example, VoIP has been spotlighted as a
future substitution service of conventional
voice telephony. However, under the existing
telecommunication policies and legislation,
VoIP was unable to be classified [Ono et al.
1998]. In order to cope with these problems,
telecommunication regulators world wide have
made an effort to set up policies [McKnight
et al. 1998]. However, there is still room to
improve and amend these policies.

VoIP now is at the stage of early diffusion.
It is expected that VoIP will compete with
existing telephone services, such as fixed and
mobile telephone services. Adoption factors
have the attention of VoIP providers and
regulators. To survive in the competition, it is
necessary to study the adoption factors of
customers in the view of VoIP providers. For
regulators, research on VoIP adoption factors
has implications to improve fair competition
and to promote the growth of industry, and to
guarantee customer’s welfare. There is a con—
sensus that differences can be found from
policy and mahagerial factors which may in-
fluence on consumer’s behavior in subscribing
to VoIP services [Mason 1998]. This study
attempts to discover the differences combin-
ing policy and managerial issues.

In this study, policy and managerial issues

are discussed in a brief explanation on VoIP
from the perspective of adoption of VoIP.
Based on those issues, this study proposes a
model that explains the adoption of VoIP. The
model is designed to measure those police and
managerial issues. Data are collected from
prospective customers in Korea. Testing of
the model is cartied out by logistic regression
and discriminant analysis. The research proc-
ess, results, and conclusions are presented.
Implications for VoIP providers and policy

makers are discussed as well.

2. VOICE OVER INTERNET
PROTOCOL (VOIP)

Voice over Internet Protocol (VoIP, IP Tele-
phony, and Internet telephony) is the routing
of voice conversations over the Internet or
any other IP-based network. The voice data
flows over a general-purpose packet-switc-
hed network, instead of traditional dedicated,
circuit-switched telephony transmission lines.
Protocols may be viewed as commercial real-
izations of the experimental Network Voice
Protocol invented for the ARPANET. Voice
over IP traffic might be deployed on any IP
network, including ones lacking a connection
to the rest of the Internet [Wikipedia 2006].

VoIP involves sending voice transmissions
as déta packets using the Internet Protocol
(IP), whereby the user’s voice is converted
into a digital signal, compressed, and broken
down into a series of packets. The packets
are then transported over private or public IP
networks and reassembled and decoded on the
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receiving side. Residential customers can con-
nect to IP-based networks by using the local
loop from the public switched telephone net-
work (PSTN) or high-speed lines, including
the asymmetric digital subscriber loop (ADSL)
/DSL and cable modems [Varshney et al., 2002].

Since the late 1990s, the international tele-
communication service market has faced sig-
nificant changes, due, in particular, to the
rapid expansion of internet and mobile teleph-
ony services. VoIP, above all, has been spot-
lighted as the ‘future substitution service' of
conventional voice telephony. With the rapid
growth of VoIP a major transformation of the
conventional voice-oriented telecommunication
regulatory regime therefore seemed inevitable,
especially since VoIP has not been defined
nor classified under existing telecommunica-
tion policies of most countries. Whether VoIP
should even be regulated, however, has be-

come a point of contention in some countries.

3. POLICY ISSUES ON VOIP

After Computer Inquiry and Steven's Report
of the Federal Communications Comrmission
(FCC) dealt with definitions and service clas-
sifications of VolP, the world telecommunica—
tions regulators made policies on VoIP. Impli-
cations of these decisions are as follows:
governments should develop appropriate poli-
cies without introducing economic and techni~
cal distortions into the newly deployed VoIP.
Regulators should not apply the existing reg-
ulatory framework to this new service. Policy

makers and regulators have responded to the

challenges brought about by VoIP. Their com-
mon approach seems to apply the existing
regulatory framework to this new service.
Those responses will not be aligned with the
dynamically changing communications envi-
ronment. Shifts from dedicated to non—dedi-
cated and from low bandwidth to high band-
width pointed out the necessity of reconsider-
ing the relationship between the existing reg—
ulations and new emerging services, tech-
nologies, and players brought about by grow-
ing convergence [Ono et al., 1998].

The first challenging issues on VoIP policy
are quality of service (QoS) regulation and
numbering plan.

Quality is a popular issue in the acceptance
of VoIP. Consumers are certainly unlikely to
accept lower quality. They already have ex-
periences that demonstrate a high—quality of
voice services from dedicated telephone net-
works with a reasonable price. Many organ-
izations have invested a great deal of money
in PBX and other phone equipment. The av-
ailability of new hybrid PBX/VoIP systems,
which can be installed as old equipment is
phased out, might significantly influence the
speed of VoIP adoption [Tsenga et al., 2005;
Varshney et al., 2002].

The problem of network congestion by
VoIP traffic could impact IP networks criti-
cally. VoIP traffic growth should be moni-
tored and attempts made for allowing suffi-
cient bandwidth for VoIP for required voice
quality [Tsenga et al., 2005]. From the view
of end users, differences in the preferences

for congestion will drive networks to special-
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ize [Mason, 1998].

Regarding QoS, questions are whether reg-
ulators should decide to establish a new
higher service standard for VoIP because of
the poor performance and low voice quality of
early VoIP services. The questions are as
follows. What level of QoS is necessary for
Internet telephony in comparison to voice tel-
ephony? Were considerations given in sepa-
rating regulatory control and licenses for
service providers based on the QoS levels of
each type of Internet telephony? What are the
prospects and necessary qualities of VoIP
services as viewed by regulators?

Another policy issue is an impact on the
internetworking between the local installa-
tions. It needs to be a consensus on the unique
and common numbering system [Dressler, 2002].
Rules for numbering IP telephony is one of
the issues related to the implementing and
application of IP telephony [Wang et al., 2004].

Regarding a telephone numbering scheme,
there are two different options. The first is a
closed numbering scheme in which the same
number of digits is used for all kinds of
services, like telephone numbers in the US.
The other is an open numbering scheme in
which each service is allowed to have a dif-
ferent number of digits for the service.
Although in most countries a closed number-
ing scheme is encouraged, a practical and
partially open scheme is used due to several
changes in the numbering plan over a lengthy
period. For the VolIP, the issue is whether
VoIP has the same number of digits as the

existing telephone service or has a different

number of digits.

4. MANAGERIAL ISSUES ON VOIP

Previous studies consider technical, eco-
nomic, and social factors to support or hinder
the adoption of VoIP [Corrocher, 2003]. It is
shown that the adoption of VoIP relies upon
the attributes of technological applications and
the characteristics of different users. Several
factors regarding the adoption of VoIP make
it difficult to forecast adoption rates. How
quickly existing carriers might transition
away from their current technology is a crit-
ical issue. Demand for services from emerg—
ing carriers and other service providers is al-
so a considerable aspect. Regulatory environ-
ment is regarded as one of pre-conditions for
the market [Varshney et al., 2002].

Most of the research in this area has ad-
dressed the supply side of the market, as-
suming the existence of a well-developed de-
mand [Corrocher, 2003]. However, potential
users will undoubtedly demand the same high
QoS to which they are accustomed and cost-
effective bundled services as well. Various
approaches to explain the acceptance of VoIP
have carried out.

Trust and the personal relationships be-
tween the company and the customer are sig-
nificant in the telecommunication services
[Kim et al.,, 2004b]. While some of these pro-
blems can be solved using end-to-end en-
cryption techniques, trust and identity man-
agement remains a major unsolved security

problem in p2p research domain [Banerjee et
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al,, 2006]. The effect on the VoIP features on
how trust develops between participants in a
webcast lecture is a current issue for con-
ducting webcast lecture functionality [Baecker
et al., 2006).

A customer service is an important for cre-
ating customer satisfaction. Interpersonal re-
lationships between carriers and customers
have a positive effect on the switching barrier
[Kim et al, 2004b]. [Kim et al., 2004a] show
that brand image, subscription duration, or
income influence the customer churn in addi-
tion to the above variables.

The initial impetus given to VoIP by price
arbitrage disappears quickly for Internet tel-
ephony service providers to move towards the
provision of new high-value integrated serv-
ices [Corrocher, 2003). Additional features of
VoIP contribute to get more attention from
customers [Tsenga et al., 2005]. Efficiency ad-
vantages and the availability of integrated
services can encourage business users to
move rapidly to Internet communication based
upon intelligent terminals. However, if firms
want to implement these applications also in
the residential market, they must overcome
the existing barriers to the adoption of VoIP
{Corrocher, 2003].

VoIP also has to address the issue of se-
curity for transmitted messages before it can
become universal. The Intermet’s packet-swit-
ched architecture may provide carriers and
businesses with huge security headaches.
Along with TPv6, many versions of VoIP soft-
ware have built-in encryption, offering better

security than older implementations [Tsenga

et al, 2005, Varshney et al., 2002]. However,
in the users’ view the concern with security
still remained. If the penetration of on-line
PCs does not increase as predicted, PC-based
Internet telephony applications, which con-
stitute the most advanced solutions from a
technological point of view, remain a tool just
for business-to-business electronic commerce,
because of the lack of security of financial
operations and the scarce familiarity with
on-line shopping [Corrocher, 20031.

Even though VoIP and PSTN reflect quite
different design philosophies and commercial
histories as to their switching mechanisms,
they also share some of the same technolog-
ies and links. VoIP relies on the PSTN to en-
able its users to reach their ISPs and Internet
gateway servers. The two systems are likely
to coexist for the foreseeable future, each one
serving a particular market or purpose. This
competitive coexistence should continue until
VolP quality and reliability finally catches up
to PSTN, and some of the older PSTN archi-
tecture becomes outdated and needs to be re-
placed [Varshney et al., 2002].

Beside the above mentioned regulations, glo-
bal connectivity, network management, pri-
cing and revenue sharing, reliability and fail-
ure issues, and user equipment requirements
can affect VoIP adoption [Varshney et al., 2002].
<Table 1> summarized various issues on VoIP
adoption.

5. RESEARCH DESIGN

Previous literature raises several issues which
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(Table 1) Factors affecting VoIP adoption

mstallations

Issues Comments References
POHC . . . .. . .
y Possible ml.prove.ments. with prov151oned. bandwdth, [Corrocher 2003;
Better quality with private IP networks; Possible use Tsenga et al. 2005:
Quality of IPv6; Differences in control signaling and features Vargfne ot ’ Al '
may have to be addressed; infrastructure and 2002] v '
inter-working effect on QoS should be considered.
Numbering plan R‘ﬁ:xsnfo; "?ntze m;%v kafelei}é‘ii‘vi sz ?:cn;lbemg [Dressler 2002
g pl scheme for intemmetworking n the Wang et al. 2004]

Management
Trust in VoIP

Trust and identity management remains a major
unsolved problem; The effect on the VolP features on
how trust develops

[Baecker et al. 2006,
Banerjee et al. 2006]

Bundled services can be provided with VoIP networks;
Customer service | cost savings and effect of network failure on all
services should be considered.

[Corrocher 2003;
Tsenga et al. 2005;
Varshney et al.
2002]

Effect of security threats and possible security
weaknesses in VoIP features and implementation
Security concern | should be considered; user authentication and
authorization, along with billing software, should be | 2002]
carefully implemented and monitored.

[Tsenga et al. 2005;
Varshney et al.

are critical to the adoption of VoIP. Based on
those issues, this study proposes a VoIP
adoption model and validates the model with
empirical data and methodology. In this sec-
tion, descriptions of the model, variables, data
collection, and methodology are presented.

5.1 Model
For the adoption of VoIP, both by policy

issues and by the characteristics of mana-
gerial issues are critical. From the point of
view of the carrier, policy issues are recog-
nized as external factors. In opposition, mana-
gerial issues are regarded as internal factors
which the carrier uses to make decisions.
Policy issues consist of two categories,
such as QoS issues and numbering plan. QoS
has been spotlighted as one of the crucial

factors that influence the adoption of telecom
services [Kim et al, 2004a; Kim et al., 2004b;
Kim et al, 2004c]. QoS concerns can be cap-
tured by two different approaches. The first
one is the evaluation of call quality with re-
lated services, such as the fixed telephone
and mobile phones. The second one is the
relative expectation on VoIP quality to exist-
ing services.

The other policy issue is the numbering
plan. Two options are selectable. Those are
the same digit numbering plan with existing
services and the longer digits of VoIP number.
In a closed numbering scheme which the U.S.
adopted, the number of digits is not consid-
ered as an issue, because all services have
the same number of digits. Except for the U.S.

in most countries an open numbering scheme
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is used. That means a new service can have
the same number of number digits or a dif-
ferent one. Thus, except for the U.S. the
numbering plan for VoIP could be one of the
important decision-making issues.

Managerial issues consist of three catego-
ries, such as overall trust, customer service,
and security concern. Trust concern covers
several technical issues which are network
reliability, call flow congestion, network sta-
bility, and so on. Customer service is one of
the influential factors from a marketing aspect
[Kim et al., 2004c]. In this study, concerns on
customer services are measured by the eval-
uation of existing services of fixed and mobile

telephone. The last issue of managerial issue

1s about security which includes privacy and

Policy issues \

hacking-proof.

~

QoS issues

The other component of this model is dem-
ographic characteristic. As demographic vari-
ables which have impact on adoption of tele-
com services household income, age, sex, and
house type are usually used [Kim et al., 2004a).
For the adoption of new telecom service, age
is frequently used than factors related income.
It is because younger generation is likely to
adopt new services earlier than older. Thus
the idea is that customers in different ages
can show the different willingness to adopt
VoIP.

<Figure 1> shows a research model ex-

plaining VoIP adoption.

5.2 Variables

Measurements on variables come from two

Demographic

N

/ Custo_mer

<Figure 1) Research Framework
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perspectives. The first perspective is from the
evaluation of existing services, such as the
fixed telephone and mobile phone services.
The proposition is that customers who are
unsatisfied with their services are more likely
to have the willingness to adopt VoIP. The
second perspective is from the relative com-
parison of VoIP to existing services. The idea
is that customers who evaluate VoIP as su-
perior service to existing services are more
likely to have the inclination of adoption of
VoIP.

Question items on evaluations of existing
services are measure by the 5 point Likert
scale. Customers are classified into 5 groups

by age range. For the survey question of-

comparison those are measured by 3 point
scale. Preference on number plan is measured
by two choices.

The willingness to adopt VoIP is used for
the dependent variable in this study. The

willingness is measured by dichotomous scale.
<Table 2> shows descriptive statistics of vari-
ables used in this study.

5.3 Data Collection

This study uses survey data from the
Korean market. Sample data is assigned to
classification by region and ages. The quota
of sub-sections is followed by the National
Census data by the Korea National Statistical
Office (KNSO) [KNSO 2002].

The survey was conducted from June to
August 2003 for two months by Hankook Re-
search, a marketing research company in Korea.
This survey research was sponsored by the
Korea Information Society Development Insti-
tute (KISDI), a research institute sponsored
by the Korean government. Interviewers in
each region took a survey and reported their
results to the central office. For the accuracy

(Table 2> Descriptive Statistics of Variables

. . .. Standard
Categories Variables Description Mean Deviation
Demographics | Age-range 1=15-19, 2=20s, 3=30s, 4=40s, 5=50s | 4.0307 1.23926
Satisfaction of call | Fixed 1 = unsatisfied, 40501 | 077279
quality Mobile | 9=most satisfied 3521 | 088037
L Quality comparison to fixed 1.4813 0.68479
Policy issues 1= worse, 2 =same, 3 = better
Quality comparison to mobile 1.8520 0.70339
Numbering plan 1 =more digits than fixed, 12573 | 043746
2 =same as fixed
Satisfaction of | Fixed 1 = unsatisfied, 35104 | 0.77538
Managerial customer service Mobile 5=most satisfied 35491 0.868%4
1ssues Trust in VoIP 1= strongly disagree, 29092 | 0.83203
Security concern 5= strongly agree 3.8507 1.04968
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(Table 3 Survey Scheme

Survey interviewee

Phone user(15-59 years-old)

Survey method Face-to-face interview

Survey region Seoul, Busan, Daegu, Daejeon, Gwangju(The largest metropolitan areas in Korea)
Sample size 750 persons

Sampling error In 5% significant level, + 3%

Sampling method

Quota sampling by region and age

of the survey, the central office verified re-
sults by calling interviewees back asking the
same questions as the survey. They included
the sample data only if the answers were
correctly the same. The verification was car-
ried out with 10% of the total survey sample
of interviewees.

5.4 Methodology

In this study two statistical methods are
adopted for discovering influential factors that
affect the willingness to adopt VoIP : logistic
regression and discriminant analysis.

For the first step, we used the logistic re-
gression method in order to sort out critical
factors that influence the willingness to adopt
VoIP. Logistic regression is recommended to
be used in case the dependent variable is a
discrete variable [Tabachnick et al, 2000].
Logistic regression is preferred when assess-
ing the contribution of variables because it is
less affected by variance covariance inequal-
ities across groups, is able to handle catego-
rical variables easily, and offers case-wise
diagnostic measures for examining residuals
{Hair et al., 1998].

The second step is to verify the model fit-

ness with factors which show relevant results
at the first step of logistic regression, using
the discriminant analysis. Discriminant analy-
sis is suitable for the case of a single catego-
rical-dependent variable and several indepen-
dent variables. Discriminant function analysis
is used to classify cases into the values of a
categorical dependent, usually as a dichotomy.

6. RESULTS

<Table 4> shows the result of logistic reg-
ression. Five variables that are significant re-
sults at 5% of confidence level : satisfaction of
call quality on mobile service, quality com-
parison to fixed, numbering plan, trust in
VoIP, and satisfaction of customer service on
fixed service. Satisfaction of call quality on
fixed service and satisfaction of customer
service on mobile service are significant at
10% of confidence level.

It is interesting that customer services have
a positive relationship with the adoption of
VoIP. That means customers who satisfy their
customer services from existing services are
more likely to adopt VoIP, which is unex-
pected. It could be explained that customers

who have positive preferences on their serv-
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(Table 4) Results of the Logistic Regression

Variables B Std. Error Wald Chi-square p-value
Age-range -0.104 0.102 1.034 0.901
Call quality (fixed) -0.263 0.137 3634 0.056
Call quality (mobile) -0.257 0.122 4405 0.036
Quality comparison to fixed 0.513 0.162 10.050 0.002
Quality comparison to mobile -0.189 0.155 1.491 0.222
Numbering plan -0.487 0.226 4.648 0.031
Trust in VoIP 1.2711 0135 83.332 0.000
Customer service (fixed) 0.289 0.144 4.006 0.045
Customer service (mobile) 0.211 0127 2.748 0.097
Security concern -0.106 0.04 1.258 0.262
-2 Log Likelihood 663.872
Cox and Snell R? 0.252
Nagelkerke R? 0337
Chi-square 176.862 (df=18) Sig. 0.000

(Table 5) Results of the Discriminant Analysis

Pooled Within Group Correlation Between Stt'mdfarc.hzed Canorx}cal
. R . Discriminant Function
Variables and Discriminant Function ..
Coefficients

Call quality (fixed) -0.158 -0.238
Call quality (mobile) -0.140 -0.193
Quality comparison to fixed 0.323 0.239
Numbering plan 0.255 0.191
Trust in VoIP 0.88 0.870
Customer service (fixed) 0.097 0.122
Customer service (mobile) 0.152 0.185

Group Centroids

-05% (unwilling to adopt), 0523 (willing to adopt)

Eigenvalue 0.312
Wilks' Lambda 0.762 Sig. 0.000
Classification Results
Predicted
0 1

0 206 86
Observed

1 A 236

0 70.4% 29.69
Ratio - -

1 28.5% 71.5%

ices are more likely to adopt new services.

Explanation power of the model can be model.

dependent variable can be explained by this

estimated by several measurements. In this
study, Cox and Snell's R? and Nagelkerke R’
are checked. About 25~33% of variance of

<Table 5> shows the result of discriminant
analysis. Seven variables which show sig-

nificant results at the logistic regression are
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used to classify the observations into two
groups of non-adoption and adoption custom-
er groups. The model using seven variables
predicts 70.4% of non-adoption customer groups
correctly and 71.5% of adoption customer groups
correctly. Overall the model shows 71.0% of
correct ratio.

7. CONCLUSION AND IMPLICATIONS

Policy and managerial issues on VoIP are
examined in this study. Call quality issues
and a numbering plan are proposed as policy
issues. Trust, customer services, and security
issues are scrutinized in this study. Through
the empirical testing with data in Korea ma-
jor influential factors are discovered.

As we expected, call quality issues have
found critical factors on the adoption of VoIP
in both fixed and mobile services. The direct
comparison o existing services shows the
fixed service is a competitor of VoIP. That
means customers who do not satisfy call
quality from their fixed service are more like-
ly to adopt VoIP. We discovered the number-
ing plan is also a critical policy issue on VoIP
adoption.

For the managerial factors, trust in VoIP is
the most critical factor. Service stability in
terms of technology could impact customers’
adoption of VoIP. Customer service from both
fixed and mobile services have shown the
positive relationship with VoIP adoption.
Customers who have positive impressions on
their customer services are likely to adopt

new technology services.

From the results, we can derive several im—
plications.

First of all, as the results show, managerial
issues have impacts on the adoption of VoIP
as well as policy issues have. VoIP providers
should have more concerns what they should
do rather than where we are. For a market
which has indifferent service, marketing forces
and advertising appeals have more attentions
from potential customers. When technology
has been stabilized, more specialized service
from the perspective of customer plan could
be appealed in this market.

Second, we can find out the relationship of
VoIP with existing services such as fixed and
mobile services. Fixed telephone service is
definitely a competitor for VoIP. That means
that customers who did not satisfy their fixed
services are more likely to adopt VoIP as
their alternate telephone services. Thus VolP
providers should have concerns on what and
how they provide their potential customers in
order to differentiate from existing fixed tele-
phone services.

Third, we discovered that customers who
are generous about on security concern are
more likely to adopt VoIP. That means at the
early stage of service provision security con-
cern could not affect on the adoption of VolIP.
In opposition, if VoIP providers want to have
majority customers, at the stage of higher
diffusion which is called growing stage, they
need to show customers the solutions for se-
curity which reduce customers’ worries.

In addition to, we find out policy issues

such as quality regulation and numbering plan,
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are still influential factors to the adoption of
VoIP. 1t is necessary to consider the trade-off
of regulation and the growth of markets.

Nevertheless, this study still has several
limitations.

This study did not cover all aspects of
VoIP which previous literature proposed, due
to the limitation of data. A cross-sectional
study which this study adopted could miss
several critical factors as well. Finally, cus-
tomers’ recognition could be changed as a re-
sult of the development of technology and the
deployment of VoIP. All the limitations are
open to future studies.
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