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An Empirical Analysis of End User’s Adoption of ICT in a Developing Country
Saleh Alwahaishi
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ABSTRACT
Information and Communication Technologies (ICT)
have the power to provide substantial economic and
social benefits. Thus, it is important to be familiar with
the process of technology diffusion among end users
for efficiently implementing adoption along with
frequent changes in the environment. This study
composes a theoretical framework to identify the
influencing determinants on the adoption of mobile
Internet - as a mean of ICT - in a consumer context in
Saudi Arabia. The proposed model incorporates eight
constructs: performance expectancy, effort expectancy,
facilitating conditions, social influences, perceived
value, perceived playfulness, attention focus, and
behavioral intention. Individual differences—namely,
age, gender, and experience—are hypothesized to
moderate the effects of behavioral intention towards
the use of mobile Internet. It was found that
performance expectancy and perceived playfulness
have the strongest significant effect on the behavioral
intentions towards the use of mobile Internet. The
findings of this study provide several crucial
implications for mobile Internet service providers,
practitioners, consumers and researchers.

KEYWORDS
Adoption, Behavioral Intention, Mobile Internet, ICT,
Saudi Arabia, UTAUT.

1

INTRODUCTION

Understanding end user’s acceptance and use of
Information and Communication Technologies
(ICT) is considered to be one of the most mature
streams of information systems research. In
Information Technology and Information System
research, numerous theories are used to
understand consumers’ adoption of new
technologies.

Over the previous years, the business world has
promptly changed that one can no longer imagine
managing in a steady state. In no other field has
this observation been more applicable than in the
field of ICT. Not just only the generation of new
technologies, but its diffusion throughout the
business environment which affects productivity
growth at the smallest level. It was showed that to
capture the benefits of ICT it is not necessary to
dispose of an ICT producing sector [1]. Timely
diffusion of new technology or its adoption is a
cornerstone in maintaining economic growth.
According to a recent study by on global mobile
data traffic forecast, Smartphones represent only
12% of total global handsets in use today, but they
represent over 82% of total global handset traffic
[2]. Moreover, the amount of cell phone
subscriptions reached nearly 6,000 million by
2012, representing a penetration global rate of
86.7% and 78.8% in developing countries [3].
Hence, during the period from Sep. 2011 to Sep.
2012, on an average around 265,000 applications
were registered in the US App Store [5], and
140,000 application were registered in Android
Market during same period [6].
Timely diffusion of new technology or, from the
firm’s point of view, its adoption is a key element
to securing economic growth. As mobile Internet
plays an important role in the explosion of ICT,
consumers' acceptance behavior needs to be
understood. A greater understanding of the factors
that impact this behavior could help organizations
develop appropriate ICT adoption strategies. What
little research there has been on ICT acceptance is
general and this research aims to expand this field
by probing the consumers' acceptance of
information and communication technologies.
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In the technologically developed world, IT
adoption is faced by barriers, such as the lack of
top management support, poor quality IS design
and inadequately motivated and capable users [7].
In the developing world, the same barriers appear
to be often impenetrable [8][9]. In addition,
problems found in developing counties are
attributed to a lack of national infrastructure [10],
capital resources, or government policies set in
place to prevent technology transfer [11].
2

LITERATURE REVIEW

Numerous theories were used to understand
consumers’ adoption of new technologies. The
researcher has attempted to predict and explain
user behavior across many IS and IT domains,

seeking to investigate and develop theory as to
how to improve usage and examine what inhibits
usage and intention to use the technology [12]. To
develop the conceptual framework for the model,
it is useful to draw comparisons between the
various theories. Table 1 shows the theories based
on intention of ICT adoption such as Technology
Acceptance Model –TAM- [13], [14] and Theory
of Planned Behavior –TPB- [15][16] have shown
that the adoption and usage of an IT system is
eventually determined by the users’ personal
beliefs and attitudes toward the technology. Other
models such as IDT state that user’s perception of
the characteristics of an innovation is more
significant [17].

Table 1. ICT Adoption Theories

Theory

Description

Innovation Diffusion Theory
(IDT)

Innovation Diffusion Theory (IDT) notes that relative advantage,
complexity, compatibility, trialability and observability predict user
adoption [18]. [17] Defined an innovation as an idea or practice that is
perceived as new by the adopting organization. [19] Argued that Rogers
Innovation Diffusion Theory (IDT) analyzed the process of diffusion, and
mapped the impact of a combination of social, economic, and technical
forces on that process. There is a general agreement among researchers
that IDT is a suitable and valid theory for examining the process of
adoption.

Theory of Reasoned Action
(TRA)

The theory of reasoned action (TRA) is a widely studied model from
social psychology which is concerned with the determinants of
consciously intended behaviors [20] [21]. The foundation of the TRA
conceptual framework is provided by the distinction between beliefs,
attitudes, intentions, and behaviors. The major concern of the conceptual
framework, however, is with the relations between these variables.
According to TRA, a person's performance of a specified behavior is
determined by his or her behavioral intention to perform the behavior, and
behavioral intention is jointly determined by the person's attitude and
subjective norms concerning the behavior in question.
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Theory

Theory of Planned Behavior
(TPB)

Technology Acceptance
Model (TAM)

Unified Theory of Acceptance
and Use of Technology
(UTAUT)

Description
The theory of planned behavior (TPB) goes beyond the theory of reasoned
action (TRA) and incorporates a further construction, specifically
perceived behavior control (PBC); this accounts for those situations where
control over the target behavior is not fully volitional [22]. TPB is
considered as to be among the more influential of the theories in
predicting and explaining behavior [23]. Various studies showed the
applicability of TPB to various domains, and verified the ability of this
theory in providing a valuable framework to explain and predict the
accepting of new IT [24].

Originally introduced by Fred Davis as early as in the 1980s, the
Technology Acceptance Model (TAM) sought to measure the willingness
of people to accept and adopt new IT innovations of that era, such as the
electronic mail systems [13]. The model had two main determinants
which explained IT adoption: Perceived Usefulness and Perceived Ease of
Use. In his work, [13] defined them as “the degree to which a person
believes that using a particular system would enhance his or her job
performance” and “the degree to which a person believes that using a
particular system would be free of effort”, respectively. Contrary to his
hypothesis, [13] reported that the relationship between perceived
usefulness and adoption was significantly stronger than that of between
perceived ease of use and adoption. Furthermore, he noted that perceived
ease of use might even precede perceived usefulness, suggesting the
existence of a causal relationship instead of the independence of the
determinants. In 2000, Davis collaborated with Professor Venkatesh to
bring about the first overhaul of his original theory [14] introduced two
sets of additional processes in TAM2 compared to the previous model:
social influence process and cognitive instrumental process.

Prediction of user IT adoption was the main goal behind developing the
UTAUT model. It incorporated eight theories, including IDT, TRA, TPB,
TAM, the motivational model, a model combining the TAM and TPB, the
model of PC utilization and social cognitive theory. Moreover, the model
yielded that performance expectancy, social influence, effort expectancy,
and facilitating conditions were the main influences shaping user adoption
[12].
However, while the UTAUT model was a further improvement from
TAM2, there were still clear limitations and even drawbacks that came
with the added complexity. Although UTAUT reportedly explained up to
70% of variance in usage, one of the limitations the authors reported has
to do with the practicalities and the way the analysis was conducted:
According to [12], they only used those research questions, whose
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Theory

Description
answers carried most weight in analyzing each of the core constructs (e.g.
performance expectancy, effort expectancy etc.).
UTAUT actually became a complex system whose individual constructs
(specifically social influence and facilitating conditions) were
combinations of too many different factors and therefore representative of
none. They also claimed that the 70% explanatory power is only achieved
by introducing the moderating elements, so inherently the model was not
much better than TAM or TAM2.

3

RESEARCH MODEL AND
HYPOTHESES

Adoption of IT is defined as the use, or acceptance
of a new technology, or new product [25]. In
Information Technology and Information System
(IT/IS) research, many theories are used to realize
users’ adoption of new technologies. Identifying
the influential factors behind consumer’s intention
or actual use of IT was the main goal of those
models. This research has paid more attention to
prior work of [12], [26] and [27] when identifying
the factors affecting mobile user behavior, due to
the relatively low adoption rate of mobile services.

3.2 Effort Expectancy (EE)
EE demonstrates the difficulty of using the
technology. The obstacles of mobile devices such
as tiny screens and inconvenient input have made
it relatively difficult for users to search for
information in the Internet on mobile devices [28].
If consumers want to spend much effort on
learning to use mobile Internet, they cannot be
satisfied.
H2: Effort Expectancy will have a significant
effect on behavioral intention towards using
Information and Communication Technology.

3.1 Performance Expectancy (PE)

3.3 Social Influence (SI)

PE demonstrates the utility linked with using the
technology. Mobile Internet enables users to be
free of temporal and spatial limitations, and allows
them to obtain information or services at anytime
from anywhere. As a result, users’ living and
working performance and efficiency will be
improve. In addition, performance expectancy will
also affect continuance intention.

SI demonstrates the effect of referees’ view on the
user behavior [27]. Based on the social influence
theory, users lean towards go along with other
important referees’ opinions [29]. Thus people
will follow the suggestions of others who are
important to them.

H1: Performance Expectancy will have a
significant effect on behavioral intention towards
using
Information
and
Communication
Technology.

H3: Social Influence will have a significant effect
on behavioral intention towards using Information
and Communication Technology.
3.4 Facilitating Conditions (FC)
FC reflect the users’ possession of the essential
knowledge and means to use the technology.
Users need to bear the expenses of using the
service -mobile Internet- such as subscription fees
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and other charger. In addition, they need to have
to the basic knowledge on how to operate mobile
Internet, which represents an emerging
technology. Without such resources and
knowledge, they may stop using their mobile
Internet service.
H4: Facilitating Conditions will have a significant
effect on behavioral intention towards using
Information and Communication Technology.
3.5 Perceived Value (PV)
PV is reflects the consumer’s general evaluation
of the product utilization based on perceptions of
what is gained and what is given. In mobile
Internet, likely users would probably make a
comparison on all the features of mobile Internet
usage with prices of previous mobile phone calls
and immobile Internet access.
H5: Perceived Value will have a significant effect
on behavioral intention towards using Information
and Communication Technology.
3.6 Perceived Playfulness (PP)
PP reflects the enjoyment and pleasure related to
using the technology. Perceived enjoyment is an
essential incentive that stresses the usage process,
whereas perceived usefulness is an extrinsic drive
that highlights the result [30]. Users are supposed
to obtain enjoyment when they adopt mobile
Internet to gain information and services.

H7: Attention Focus will have a significant effect
on behavioral intention towards using Information
and Communication Technology.
3.8 Behavioral Intention (BI)
BI reflects the users’ subjective probability that
they will engage in a given behavior. The greater
the experience of the consumers, the better
opportunities to emphasize their habit since they
have greater time to encounter the indications and
perform the related behavior.
H8: Behavioral Intention will have a significant
effect on consumers’ use of Information and
Communication Technology.
3.9 Moderating variable
Mediating Variables: Age, Gender, and
Experience have been found to exist in the context
of technology adoption. When observing gender
and age influence, it is interesting to note that [47]
proposes that previous literature of gender
differences can be ambiguous without linking it to
age. Moreover, [13] suggest that gender, age, and
experience have controlling effects on the
acceptance of technology, hence
H9: Age, Gender, and Experience will mediate the
relationship between behavioral intention and the
use of Information and Communication
Technology.
4

H6: Perceived Playfulness will have a significant
effect on behavioral intention towards using
Information and Communication Technology.
3.7 Attention Focus (AF)
AF demonstrates user’s engagement when using
the technology. Cell phone users usually do many
tasks while in motion, such as listening to music
and surfing the Internet. Hence, their focus on
mobile Internet may be restricted. If they are not
abele to focus their attention, their experience may
be affected [27].

SURVEY RESEARCH DESIGN AND
METHOD

Information technology research includes the
study of management, development, operation, the
use, and influence of computer-based information
systems [31]. Quantitative research methods vary
according to research objectives. Survey research
is one of the most commonly used quantitative
methods in IT research.
Survey methods and practices, which have grown
rapidly with the development of computers,
comprise a powerful tool for collecting data from
multiple units of analysis and cases [31]. The
64
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researcher has also defined survey research
according to the research objectives and
disciplines. Fink defines ‘survey’ as “a system of
collecting information to describe, compare, or
explain knowledge, attitudes, and behavior” [33].
It is a way of collecting information about the
characteristics, attitudes, actions, or opinions of a
large sample of people, cluster, organization, or
other units referred to as a population. Survey
research can be either cross-sectional or
longitudinal.
The research model includes eight main factors.
Each factor was measured with multiple items. All
items were adapted from extant literature to
improve content validity [34].
The questionnaire included 32 different types of
questions, such as dichotomous questions (yes/no)
and these were used when the researcher was
seeking the demographic profile of the
respondents. Multiple-choice questions were used
when the questions might have more than one
possible answer. Measurement items in the
questionnaire that covered the proposed constructs
in the research model were derived from extant
literatures as follows: Performance Expectancy (3
questions), Effort Expectancy (4 questions), Social
Influence (2 questions), Facilitating Conditions (4
questions), and Behavioral Intentions (3 questions)
were adapted [12]. Perceived Playfulness (3
questions), and Attention Focus (3 questions) were
adapted from adapted from [35], while the
Perceived Value (3 questions) adapted from [26].
Each items was measured on a five-point Likert
scale (i.e., 1 = Strongly Agree; 5 = Strongly
Disagree).
5

DESCRIPTIVE STATISTICS

There were 624 usable responses collected out
from an online questionnaire. To analyze the
respondents’ profiles, the SPSS software was used
by applying a descriptive analysis on the collected
data.
There were 85.7% male and 14.3% female
respondents. Thus, the majority of the respondents
were male. This ratio is consistent with cultural
norms of the Saudi society. 10.4% of the

respondents were less than 20 years, 66.5% were
in the range of 20 - 29 years old, 16.7% were in
the range of 30 – 39 years, 5.6% were in the range
of 40 – 49 years of age, and less than 1% were
over 50 years old. This shows that the majority of
the respondents, about 77%, were young - less
than 29 years of age.
The educational level of the majority of the
respondents was Bachelor’s degree 52.7%, 10.3%
were highly educated with a Master’s degree and
higher, 10.4% have diploma degree or still
pursuing their first degree, 25.2% have a high
school diploma, and less than 1.4% of the
respondents have not yet earned their high school
degree. In comply with the education and age
profiles of the major respondents slice; it shows
that the majority of respondents have an income of
less than 1000 Saudi Rials (1 USD = 3.75 SAR),
29% within the range of SAR 1000 - 4000, 9.8%
within the range of SAR 4001 – 8000, 15.2%
within the range of SAR 8001 – 14000, 3.8%
within the range of SAR 14001 – 20000, and less
than 3.4% of the respondents were enjoying the
highest income rate of SAR 20000 and more.
Regarding the respondents’ occupations, 47%,
were students, while construction and maintenance
people were the lowest with less than 0.2% of the
respondents. Around 11% were from computer
and IT related fields while the rest occupations
scattered in different categories with less than 5%
each. In terms of the respondents’ experience with
mobile Internet services. 26.6%, of the
respondents have been using mobile Internet
services since 2007 and before, 33.3% have been
using it for about 3 – 5 years, 24.7% for about 1 –
2 years, and 15.4% have just started using it this
year. Finally, it shows that the majority of the
respondents, 40.5%, were frequent users with
many uses per day, 37.7% were daily users, 9.3%
are using mobile internet around 2 – 5 times a
week, 3.4% and 3.7% were using it once per week
and once per month respectively, while 5.4% have
never used it before.
6

DATA ANALYSIS

Regression analysis is one of the most common
statistical ways in identifying the relationships
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between a dependent and independent variables
[36]. It could be used to establish the relationship,
then to evaluate its strength, and finally to
anticipate the behavior of the dependent variable
through moderating the independent variables
[37].
Using structural equation modeling, the
hypothesized relationships in the proposed
research model were tested and analyzed. The
results showed that the χ2 value of 469.99 (d.f. =
247) with a p-value of .001 indicated a good
model fit. In addition, fit indices such as the
Normalized Fit Index (NFI = 0.87), Non-Normed

Fit Index (NNFI = 0.91), Comparative Fit Index
(CFI = 0.93) and Incremental Fit Index (IFI =
0.93) almost all exceeded the suggested level of
0.9, indicating a good model fit. Furthermore, it
was suggested that if the Root Mean Square Error
of Approximation (RMSEA = 0.062) is less than
0.08 [38], this represents a reasonable error of
approximation. The Root Mean Square Residual
(RMR) in this study was equal to 0.054, which is
below 0.08; hence, it is regarded as evidence of
good fit [39]. In summary, the overall results
suggested that the research model offered an
adequate fit to the data.

Table 2. Reliability, correlation matrix and square roots of AVEs

AF
BI
EE
FC
PE
PP
PV
SI

7

Comp.
Reliab.
0.87
0.89
0.89
0.81
0.88
0.94
0.86
0.90

Cron.
AF
BI
EE
FC
PE
PP
PV
SI
Alpha
0.71
0.88
0.82
0.25
0.86
0.83
0.12
0.37
0.81
0.70
0.13
0.39
0.63
0.72
0.80
0.21
0.50
0.38
0.38
0.85
0.90
0.30
0.50
0.41
0.43
0.47
0.91
0.82
-0.03*
0.15
0.00*
0.11
0.14
0.16
0.83
0.77
0.22
0.34
0.26
0.23
0.29
0.23
0.17
0.9
 AF: Attention focus; BI: Behavioral intention; EE: Effort expectancy; FC: Facilitating
conditions; PE: Performance expectancy; PP: Perceived playfulness; PV: Perceived value; SI:
Social influence.
Notes:
 * Insignificant values.
 Diagonal elements are square root of the AVEs and off-diagonal elements are correlations.

SCALE RELIABILITY

To assess the reliability of the model different
measures needed to be calculated considering the
fact that both formative and reflective measures
were used. Factor loadings of reflective constructs
should exceed a threshold value of 0.5. That way,
half of the variance of an indicator can be
explained through the construct [40]. For the
reflective constructs the item loadings indicate a
high degree of item reliability since the reflective
measures are significantly above the lower bound.
Performance Expectancy [Min: 0.828; Max:
0.856], Effort Expectancy [0.729; 0.840],

Facilitating Conditions [0.743; 0.761], Social
Influences [0.888; 0.912], Perceived Value [0.723;
0.801], Perceived Playfulness [0.886; 0.915],
Attention Focus [0.689; 0.898], and Behavioral
Intention [0.675; 0.928] all satisfy the minimum
restrictions indicated by [41]. Concerning the
composite reliability of the constructs all results
are significant as shown in table 2.
8

CONVERGENT VALIDITY

Convergent validity measures the correlation
between the pointers devoted to one construct. In
order to evaluate convergent validity, two
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measures are used: Cronbach’s α and internal
consistency measure, where the Cronbach’s α
value should be greater than 0.7.
The larger the number of indicators used in the
construct the higher the Cronbach’s α tends to be
higher due to its mathematical formulation.
Therefore, composite reliability outputs - which
are not biased - should be taken into account
before driving conclusions.
Next to the restrictions imposed by the threshold
value of the composite reliability, all reflective
constructs in the research model also exceed the
lower bound of 0.7 for Cronbach’s α except for
facilitating condition which has an edge value of
0.70 as shown in table 3.
9

PERCEIVED LEVEL OF MODERATING
VARIABLES

Introducing the level of moderating variable;
gender, age, and experience, perceived by the
survey respondents in the SmartPLS model
requires establishing a direct relationship between
the moderating variable and the outcome variable,
USE. Due to this, the output when calculating the
revised path coefficients and t-test necessary to
evaluate the moderating effect also includes the
direct effect of the new construct on USE
construct. Therefore both, the moderating
influence as well as the direct effect was assessed
in order to improve the research model. As shown
in figure 1, the β coefficients the PLS algorithm
revealed significant moderating influences with
path
coefficients
of
-0.179.
However,
bootstrapping results indicated a small t-value and
subsequently a significantly greater than 0.05 pvalue as shown in figure 2. Other model
characteristics such as AVE, composite reliability
and Cronbach’s alpha remained either unaffected
or experienced only marginal change. Thus, no
moderating effect could be confirmed.

10 HYPOTHESES TESTING
To test the hypotheses, a structural model was
built using the SmartPLS program. The path
coefficients are produced using a bootstrapping
procedure. The bootstrapping procedure is
essentially a re-sample using the available
observations as a basis. The bootstrapping results
in a larger sample which is claimed to model the
unknown population [42]. The new sample
provides the data from which conclusions can be
drawn. The sample size of 624 observations was
increased to 700 re-samples using this
bootstrapping method.
Using the results from the model validation in the
previous sections, six hypotheses could be
confirmed as opposed to two hypotheses that
could not be proven based on the data collected.
The results indicate that out of the behavioral
intention constructs developed for ICT use, the
performance expectancy has the strongest impact
on behavioral intention towards using ICT
(β=0.264; p<0.001), and attention focus has the
weakest supported impact on behavioral intention
towards using ICT (β=0.067; p<0.05), whereas no
support for H2 (effort expectancy), H5 (perceived
value), or the moderating variables H9 (age,
gender, and experience) could be provided.
The hypotheses were tested by examining the βs in
the ordinary regression and path analysis model,
the βs in structural model, and their statistical
significance. Each hypothesis is restated below
and evidence for support or otherwise is then
presented as shown in table 4. The models
depicting significant paths are shown in figure 3.
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Fig 1. Moderating Variable Path Coefficients

Fig 2. Moderating Variable Bootstrapping Analysis
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Table 3. Loadings and Cross-Loadings (Highest Loadings in Bold)
AF

BI

EE

FC

PE

PP

PV

SI

AF1

0.8981

0.2528

0.1387

0.168

0.2415

0.3445

0.0316

0.2233

AF2

0.8483

0.1807

0.0534

0.0387

0.1044

0.1484

-0.0999

0.1576

AF3

0.6895

0.0612

0.0521

0.0307

-0.0273

0.1086

-0.0539

0.1554

BI1

0.2387

0.7580

0.3323

0.3362

0.314

0.3666

0.0409

0.2003

BI2

0.198

0.8854

0.2786

0.3117

0.4683

0.4459

0.1728

0.3445

BI3

0.1891

0.9284

0.3408

0.3674

0.5025

0.4753

0.1665

0.3193

EE1

0.0515

0.248

0.7298

0.398

0.211

0.2826

-0.0753

0.1572

EE2

0.0981

0.2827

0.8435

0.5185

0.3207

0.3123

0.0192

0.2404

EE3

0.1363

0.339

0.8369

0.5589

0.4079

0.3768

-0.0113

0.2381

EE4

0.0726

0.3083

0.8406

0.5453

0.2841

0.3571

0.062

0.2155

FC1

0.1718

0.3178

0.4247

0.7611

0.3258

0.3007

0.1364

0.1782

FC2

0.0162

0.3066

0.5626

0.7806

0.2462

0.3112

-0.0402

0.1256

FC3

0.052

0.1509

0.2991

0.5610

0.1748

0.3019

0.1386

0.2806

FC4

0.0949

0.3032

0.472

0.7435

0.305

0.3525

0.1088

0.1459

PE1

0.1512

0.5067

0.3321

0.3383

0.8564

0.3831

0.1193

0.2867

PE2

0.2048

0.3804

0.3716

0.3308

0.8517

0.4405

0.1257

0.233

PE3

0.1156

0.3727

0.2665

0.2798

0.8289

0.3672

0.1201

0.1959

PP1

0.2245

0.4185

0.3611

0.3662

0.4022

0.8866

0.1443

0.1825

PP2

0.2499

0.4774

0.4149

0.4508

0.4628

0.9303

0.1871

0.2369

PP3

0.3021

0.4729

0.3482

0.3661

0.4101

0.9151

0.1176

0.2171

PV1

-0.0111

0.0119

-0.0496

0.0618

0.0759

0.1052

0.723

0.0965

PV2

-0.0657

0.1699

0.0104

0.1245

0.1572

0.1623

0.9412

0.1336

PV3

0.0384

0.0937

-0.0071

0.0454

0.0784

0.1203

0.8017

0.1922

SI1

0.1894

0.2891

0.2319

0.2066

0.2982

0.1983

0.214

0.8888

SI2

0.2123

0.3239

0.2435

0.2074

0.2246

0.2224

0.1021

0.9125
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Table 4. Hypotheses Testing Results

Hypothesis

Significance

PE will have a significant effect on behavioral intention towards using ICT. There was a
H1: Performance very strong support for this hypothesis (β=0.264; p<0.001). The resulting implication is
Expectancy (PE) that consumers’ expectations of their performance when using mobile Internet play a
strong role in determining its acceptance and use.

H2: Effort
Expectancy (EE)

EE will have a significant effect on behavioral intention towards using ICT. Effort
expectancy was expected to impact the intentions to use ICT, however, neither its path
coefficient nor its p-value revealed significance of this relationship. Thus this
hypothesis is not supported.

H3: Social
Influence (SI)

SI will have a significant effect on behavioral intention towards using ICT. This
hypothesis was supported (β=0.149; p<0.001). Hence, people tend to follow the
suggestions of others who are important to then when recommending to use mobile
Internet. Moreover, the social influence effect was found to be significant on the
ongoing intention of Internet data services [43].

H4: Facilitating
Conditions (FC)

FC will have a significant effect on behavioral intention towards using ICT. There was a
very strong support for this hypothesis (β=0.139; p<0.01), which is rationally expected
as users who do not own ICT resources and knowledge may not continue their usage of
mobile Internet [27].

H5: Perceived
Value (PV)

PV will have a significant effect on behavioral intention towards using ICT. This
hypothesis was found insignificant due to the small value of β (0.039) as well as the
high value of p-value (>0.05). Thus this hypothesis is not supported.

H6: Perceived
Playfulness (PP)

PP will have a significant effect on behavioral intention towards using ICT. There was a
very strong support for this hypothesis (β=0.284; p<0.001). Consumers are supposed to
obtain enjoyment when they adopt mobile Internet to gain information and services.
Thus perceived enjoyment will positively affect ICT adoption and use.

H7: Attention
Focus (AF)

AF will have a significant effect on behavioral intention towards using ICT. This
hypothesis was supported, although the relationship and the p-value were on the edge
(β=0.067; p<0.05). Mobile phone users usually do many tasks while in motion, such as
listening to music and surfing the Internet. Hence, their focus on mobile Internet may be
restricted.

H8: Behavioral
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Hypothesis
Intention (BI)

H9: Moderating
Variables

Significance
BI will have a significant effect on consumers’ use of ICT. There was a very strong
support for this hypothesis (β=-0.328; p<0.001). This complies with the Technology
Acceptance Model (TAM) [13][30], as TAM posits that a user's adoption of a new
information system is determined by that user's intention to use the system, which in
turn is determined by the user's beliefs about the system.

Age, Gender, and Experience will mediate the relationship between behavioral intention
and the use of ICT. This hypothesis was found insignificant. Although its path
coefficient was acceptable, the hypothesis value of p-value (>0.05). Thus this
hypothesis is not supported.

Performance
Expectancy (PE)

Social
Influence (SI)

Behavioral
Intention (BI)

Facilitating
Condition (FC)

H8 (9.14***)

ICT USE

Perceived
Playfulness (PP)

*** p-value < 0.001; ** p-value < 0.01; * p-value < 0.05
Attention
Focus (AF)

Fig 3. Supported hypotheses labeled by their significance values

11 CONCLUSION
This study analyzed the influence of 8 proposed
constructs with moderated variables on the
adoption and use of ICT in Saudi Arabia.
Performance expectancy (t-value = 5.96) and

perceived playfulness (t-value = 5.87) have shown
the highest significant impact on the consumers’
behavioral intentions towards using the mobile
Internet services in Saudi Arabia. Satisfaction
affects continuance usage. Numerous studies have
uncovered that satisfaction is a main factor
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determining continuance behavior [44][45].
Among the factors affecting satisfaction,
perceived playfulness has the largest effect. Thus
mobile services providers should deliver an
enjoyable experience to enhance user satisfaction.
Surprisingly, both perceived value and effort
expectancy have shown a non-significant impact
on the consumers’ behavioral intentions towards
the use of mobile Internet with t-values of 1.12,
and 0.58 respectively. Similarly, the moderating
variable of individual characteristics (i.e., different
combinations of age, gender, and experience)
found to be statistically insignificant with a t-value
of 1.01. Those insignificant values tend to be a
natural result of the respondents’ profiles, which
might skewed or changed when applying the
model in a different geographical region.
Facilitating conditions, social influences, and
attention focus were significantly influence the
behavioral intentions towards the ICT use with tvalues of 2.87, 3.88, and 2.00 respectively. This
suggests that mobile service providers may use
word-of-mouth effect to facilitate user behavior.
Facilitating conditions reflect that users have the
knowledge and resources necessary to use mobile
Internet. It is quite likely that as facilitating
conditions deals with broader infrastructure and
support issues, it will always be important to those
who value it even if they have significant
experience with the target technology
Behavioral intention in the consumer context had
a positive and strong direct effect on the use of
ICT with a very high t-value of 9.14 and explained
variance (R2) of 28%. Consumers’ behavioral
intention toward adoption and use of ICT is also
be affected by other factors such as the opinions of
other important persons (social influence) [21].
Furthermore, even if users have a strong intention
to perform a behavior, they will not be able to do
so without the necessary resources and skills
(facilitating conditions) [46]. Hence, previously
confirmed effects of other constructs naturalize
this result as well.
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ABSTRACT
Losing your personal belongings can be a very
frustrating experience. The main goal of this research
paper is to address the lost and found issues by
automating all the manual steps involved in the current
practice and procedures at educational institutions. An
online web-based lost and found system was planned,
designed, implemented, and evaluated. The researcher
used several technology tools to develop the new
system. In addition, an eye tracking-based usability
study was planned, designed and conducted on the new
system to assess its effectiveness, efficiency,
usefulness, and usability aspects. The eye tracking data
were recorded, collected and analyzed. The findings
from the usability study indicate that students were
very satisfied with the functionality, effectiveness and
efficiency of the system as well as pleased with the
quality of its user experience. So, having such a new
system deployed on campus will be of great
beneficiary for students at higher education institutions.

KEYWORDS
Web-based system, System implementation, Usability
evaluation, Eye tracking methodology, User
experience.

1 INTRODUCTION
Losing your personal belongings can be a very
frustrating experience. But, with an effective lost
and found system, all your important items like

keys, mobile phones, digital cameras, laptops,
wallets, i-pods, briefcases, handbags and others,
will find their way safely back to you. Therefore,
as group of undergraduate students at the College
of Information Technology, have decided as
capstone project to design and develop a new
Web-based Lost and Found System to be used by
Zayed University community members, so they
can report their lost and found items in an easy and
efficient manner.
Lost and found system is one of the useful system
that helps many companies, banks, airports, and
educational institutions. At Zayed University there
is a pressing need for an an effective lost and
found system due to the large number of lost item
incidents taken place on campus. So, the new
system will benefit all members of Zayed
University including students, faculty, staffs and
administrators. In addition, the system will make
the task easier for the security personnel and the
staffs in the lost and found office by saving their
time and effort. Some students in the university
do not know where to find their lost items, so the
lost and found system will assist them to find lost
items in a quick and simple way.
The main purpose of this research paper is to
address the lost and found issues on campus by
automating all the steps involved in the current
practice and procedure. The research methodology
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included, literature review (study and explore
related systems), survey design, examine the
existing paper-based system, design and
implement the new system, and finally conduct an
eye tracking-based testing evaluation. As a result
an online web-based lost and found system was
planned, designed, implemented, and evaluated.
The main system components and architecture are
also provided.
A fully functional prototype of the system was
developed to provide the users with an opportunity
to experience using its main features and
functions. The system is designed to be simple
and easy to use and learn, and it can be accessed
online by all university students, faculty, and
administrators from anywhere on campus and off
campus. The researcher used several technology
tools to develop the new system such as XAMPP,
Dreamweaver, Adobe PhotoShop, Adobe Image
Ready, Tobii Studio, HTML, MSQL, PHP and
JavaScript. The reason for choosing these tools is
that the researcher is comfortable and proficient in
using them.
A complete eye tracking-based usability
evaluation study was planned, designed and
conducted on the new system to measure its
effectiveness, efficiency, usefulness, and usability
aspects. An eye tracking data were recorded and
collected from observing participants (students
and staff) and later analyzed. The results from the
usability study indicate that users were very
satisfied with the functionality of the system as
well as pleased with the quality of its user
interface design. So, having such a new system
deployed in place will be great addition for Zayed
University community.
The research paper consists of several sections,
including literature review of related systems,
survey design, study the existing paper-based
system, design the new system, system
implementation, and eye tracking-based testing
evaluation and finally a section for results and
findings followed by a conclusion.
2 RELATED SYSTEMS

An extensive literature review study was
conducted to provide a handy guidlines to
understand the major functions and features of an
existing lost and found systems. Nowadays, lost
and found systems are deployed in many work and
study places, such as schools, colleges, airports,
hospitals, amusement and parks, shopping malls,
hotels, and transportation services. The researchers
came across several similar systems which were
found and already depoloyed in various
educational institutions, such as James Madison
University and Clarkson University, USA, Ngee
Ann Polytechnic University Singapore and Sydney
University, Australia. To the best of our
knowledge no such system has been found in any
of the universities in the Arabian Gulf region.[4],
[5], [6], [7], [8], [9]

Figure 1: JAM's
website
Lost and
FoundLost & Found sample screen [6]
Figure
1. James
Madison
system

3 SYSTEM DESIGN AND ORGANIZATION
A survey was planned, designed and conducted on
campus to help researchers understand the current
manual practice to report and retrieve lost items
and all its associated issues and concerns as it is
viewed by members of the educational institution.
The survey has also helped to determine and
identify the expected main functions and features
of the new proposed system. The survey consists
of 12 questions. Each question covers different
aspect of the study. The survey was conducted
before the design and implementation of the new
system. Samples of results for some of the
interesting survey questions are listed below:
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Q1: Have you ever lost an item

Q4: Do you know what to do when losing an item

Q2: How often you lost items on campus

Q5: Would you like to have an online lost and found system
on campus

Q3: Do you retrieve the items you lost

Q6: Do you think having such system would ease the lost
and found process
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The main system components and architecture are
provided in figure 2, the web server receives a
request from the user, and then it passes it to the
PHP engine, which normally runs as a module
within the server. Depending on the code and type
of request, the PHP engine queries the database if
necessary, and then builds the HTML output code
to send back to the browser for display.
The code in the page controls the content
depending on the request it receives from the
browser.

Studen
t

Is a
ZU
communit
y
0
0
Claim
Report
N N
ZU
Office

N

M

Staff
Faculty

Item
Report

N

Is a

M
Dubai Police Lost and Found
Department

Lost

Found

Figure 3. System Class

3.1 System Features and Benefits

Figure 2. The architecture of the new proposed system

Figure 3, outlines the class diagram of lost and
found system. It includes nine classes that interact
and participate in the system. These classes are ZU
lost and found office, Dubai Police - Lost and
Found Department, ZU community, item report,
lost, found, student, staff, and faculty. The
diagram have two N to M relationship between the
ZU office and Dubai Police - Lost and Found
Department and relationship between ZU lost and
Found Office and item report is N to M, where it
means the system can have many requests for
claim lost items and report found items.. The item
report class is a lost and found items, and ZU
community class is a student, stuff, and faculty.
The relationship between ZU community and the
item report is 0 to N, which means the report
might claimed many or not claimed. SWOT
analysis was conducted for the new system to
determine the “strategic planning method used to
evaluate
the
Strengths,
Weaknesses,
Opportunities, and Threats” [11], [12].

The online lost and found system integrates an
internet-based database to keep track of lost and
found items for the entire campus [10]. It
generates a dynamic list of found and lost items,
where it can be viewed and searched online by the
users. The database is managed, maintained and
updated by the lost and found officer. Therefore,
the educational community will gain a lot of
benefits by having such an online lost and found
system. A selected list of benefits gained by the
new system is: the system is accessible online by
all university students, faculty, administrators and
staff. The system automates all the steps involved
in the process of reporting lost and found items on
campus. The system is simple and easy to use and
learn user interface. The system can be accessed
from anywhere on campus and off campus.
Another benefit is that this system is automated
unlike the manual procedure where the person
should put the extra physical effort to visit the lost
and found office to search for their lost item.
Having this system will reduce the amount of
stress on the staff that is responsible for managing
lost and found office.
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4 SYSTEM IMPLEMENTATION
There are several technology tools were used to
develop and implement the online web-based lost
and found system which includes XAMPP,
Dreamweaver, Adobe Photoshop, Adobe Image
Ready, HTML, MSQL, PHP and JavaScript [1],
[14]. The implementation by designing the
template for the homepage of the system using
Adobe Photoshop and Adobe Image Ready. The
implementation process went through various
phases which include, installing XAMPP software
that contains PhpMyAdmin, MSQL, and Apache
server, defining a PHP site in Dreamweaver CS5,
building the databases, linking to databases,
creating administration pages, creating Normal
user pages, and add more features and functions to
administration and normal users [2]. Selected
screenshots from the actual system are depicted in
figures 4, 5, 6, and 7.

Figure 6. Report found item screen

Figure 7. System log-in screen

Figure 4. Lost items generated report screen

Figure 5. System homepage screen

5 SYSTEM USABILITY AND EVALUATION
A full eye tracking-based usability study was
planned, designed and conducted on the new
system to measure its effectiveness, efficiency,
usefulness, and usability aspects. Eye tracking
methodology has been used in much usability
evaluation for many years. Eye tracking is an
advanced usability testing technique that uses high
precision technology to measure exactly where a
user is looking and for how long [3]. Eye tracking
is used to study the relationships between eye
movement data and cognitive activity of the user.
Eye fixations are considered the most relevant
indicator for evaluating information acquisition
and processing in online visualization environment
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The eye tracker usability lab at ZU was reserved
for one user at the time. An unobtrusive eye
tracking technology, the Tobii 120, was used in
this study. The eye tracker looks much like a
standard monitor.
20 undergraduate female students at Zayed
University participated in this study [13].
Participants are active students enrolled in
different academic majors, for the purpose of this
study five tasks were identified to be performed by
the participants. The tasks vary in their difficulty
and content. Each participant had to perform the
same set of tasks. The experiment took 2 weeks to
complete. The eye tracking data for each
participant was recorded, collected and analyzed.
Some images from eye tracking usability test will
be included. Usability metrics refers to user
performance
measured
against
specific
performance goals necessary to meet a set of
predefined usability requirements.
For the purpose of this study the researchers used
visualization analysis tools such as heat map and
gaze plot to demonstrate user’s visual behavior on
system’s main screens. Samples of heat maps and
gaze plots images produced from the Eye tracker
for all users (test participants) are shown in figures
8 and 9. Visual data in figure 8 is presented in
colors to show the level of user’s interest in screen
content, red indicates areas where there was a
heavy visual activity, yellow shows moderate
visual activity, green shows low activity, and
white and black show no visual activity. Visual
data presented in figure 9, shows the order in
which individual user look at items on the screen.
Each numbered circle represents a point that the
user’s eyes fixated on. The larger the circle, the
longer the fixation. A series of erratic eye
movements in a gaze plot suggests that the user
was confused by a disorganized layout. On the
other hand, a series of orderly and controlled eye
movements in a gaze plot suggests that the user
was reading and the density of these movements
demonstrate the level of user concentration and
comprehension.

Figure 8. Aggregate heat map of main menu

Figure 9. Gaze plot map for lost items report

6 CONCLUSIONS
In conclusion, losing your personal belongings can
be a very frustrating experience. It can be a normal
indecent with the deployment of an effective and
efficient lost and found system, where all your lost
items will find their way safely back to you. This
research aims to address the lost and found issues
on educational campuses by automating all the
manual steps involved in the process. As a result
an online web-based lost and found system was
planned, designed, implemented, and evaluated.
The main system components and architecture
were also provided.
The benefits gained by the new system are: the
system is accessible online by all university
students, faculty, administrators and staff. The
system automates all the steps involved in the
process of reporting lost and found items on
campus. The system is simple and easy to use and
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learn user interface. The system can be accessed
from anywhere on campus and off campus.
Another benefit is that this system is automated
unlike the manual procedure where the person
should put the extra physical effort to visit the lost
and found office to search for their lost item.
A complete eye tracking-based usability
evaluation study was planned, designed and
conducted on the new system to measure its
effectiveness, efficiency, usefulness, and usability
aspects. An eye tracking data were recorded and
collected from observing participants and later
analyzed by the student group. The results from
the usability study indicate that users were very
satisfied with the functionality of the system as
well as pleased with the quality of its user
interface design. So, having such a new system
deployed in place will be great addition for
educational community.
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ABSTRACT
Beamforming is a signal processing technique to
focus the transmitted energy so that maximum
energy is radiated in the intended destination and
communication range is enhanced. Data rate
improvement in Transmit beamforming can be
achieved with adaptive modulation.
Though
modulation adaptation is possible under zero-mean
phase error, it is difficult to adapt it under non-zero
mean Gaussian distributed phase error conditions.
Phase errors occur due to channel estimation
inaccuracies, delay in estimation, sensor drift,
quantized feedback etc resulting in increased outage
probability and Bit error rate. Preprocessing of
beamforming weights adjusted by Sample Mean
Estimate (SME) solves the problem of adaptive
modulation. However, under large phase error
variation, the SME method fails. Hence, in this paper,
Population Mean Estimate (PME) approach is
proposed to resolve these drawbacks for a Rayleigh flat
fading channel with White Gaussian Noise. To correct
the population mean error if any, Least Mean Square
correction algorithm is proposed and is tested up to
80% error in PME and the corrected error fall within
10% error. Simulation results for a distributed
beamforming sensor array indicate that the proposed
method performs better than the SME based existing
methods under worst-case phase error distribution.

stations. The challenges of these sensor networks
are scalability, power consumption, locality issues,
security etc [1]. The hardware design requires
robustness and lower power consumption. One of
the methods of power conservation in Wireless
Sensor Networks (WSN) is Cooperative
Beamforming technique. For an N element array,
the Signal to Noise Ratio (SNR) in the intended
direction due to beamforming is N2 and in the
other directions, it is N [2]. The increase in gain in
the intended direction is caused by coherence of
the participating array signals and this requires
phase synchronization of each participating node.
The performance characteristic of uniform and
Gaussian distributed cluster of sensor nodes was
studied in [3] and [4]. Since sensors are typically
randomly distributed in the field, phase errors are
caused due to positional variations of the sensors
from the ideal positions [5, 6]. Though the position
error does not affect the beam direction [7], it
reduces the SNR because the position error can be
transformed to phase error and the correlated
phase noise has effect on the beamforming [8].
The outage probability increases and the Bit Error
Rate (BER) increases as the SNR reduces. Phase
errors can also occur due to channel estimation
inaccuracies, delay in estimation, sensor drift,
quantized feedback etc

KEYWORDS
Wireless sensor array, Transmit Beamforming,
Modulation Adaptation, Phase error correction,
Population Mean approach.

1 INTRODUCTION
Distributed Wireless Sensor Networks are
popularly used to sense physical quantities and
transmit the collected data to the controlling

As Collaborate beamforming of WSN can be used
to enhance the communication range and transfer
message [9, 10], it can complement sensor routing
and it finds wide application in sensor and other
wireless communication applications. However,
with phase error in beamforming, there is the
possibility of SNR reduction and increase in BER.
The average BER of sensor distributed
beamforming including phase error is analyzed for
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Binary Phase Shift Keying (BPSK) modulation
with 10 and 20 nodes array for Static, Rayleigh
and Rician Channel [11] and it indicates a
increase in BER with increasing phase error. The
Average Packet Error Rate (PER) was analyzed in
[12] for Distributed beamforming with phase
errors caused by delay in estimation, estimation
inaccuracies etc for BPSK modulation and the
phase errors was modeled as Gaussian distributed.
The analysis results indicate that PER increases
with introduction of phase errors. The Phase State
Information
(PSI)
required
for
phase
synchronization can be estimated using either
Mean Square Error, Signal to Noise Ratio (SNR),
Maximum Likelihood (ML) and
Minimum
Variance Distortion reduced (MVDR) as in [13];
however each method has its error in estimates.
Adaptive modulation has been proven to provide
data rate improvement compared to fixed
communication
[14,15].
The
adaptive
communication for Multi Input Multi Output
system with coded and uncoded Quadrature
Amplitude modulation (QAM) has been analyzed
in terms of power allocation, BER etc. with partial
channel state information [16] and using Sample
Mean Feedback [17]. The adaptive modulation
based on Packet Error probability has been
analyzed in [18]. Adaptive modulation combined
with two-dimensional Eigen beamforming using
Sample Mean Feedback has been proposed in [19].

correction algorithm is also proposed to correct
error in PME.
This paper is organized as follows. Section 1 gives
the introduction and existing works. Section 2
explains the required model and the proposed
work. Section 3 presents the simulation results and
discussion. Section 4 outlines the conclusions. The
boldface letters in equation represent vector or
matrix quantity.
2 PROBLEM FORMULATION AND
PROPOSED SOLUTION
This section explains the modeling of MISO
beamforming array and adaptive communication
in MISO beamforming under phase error. The
problem in using Sample Mean Estimates (SME)
is described followed by the proposed method
using Population Mean Estimate.
Large number of factors like estimation error,
quantization error, delayed feedback, finite
precision effect; incremental channel variation,
detector device tolerance, position error etc
contribute to phase error. As the WSN is energy
conserving [1], the preprocessing of beamforming
weights by population mean to equalize the effect
of phase error is analyzed and finally the Adaptive
Modulation under phase error in Transmit
beamforming algorithm is presented.
2.1 Modeling of Phase Error

However, the Sample Mean of phase error is
difficult to estimate incase of Multi Input Single
Output (MISO) systems and it needs calibration.
One of the methods of estimating Sample Mean is
as given in [20] and the second technique is using
orthogonal vectors to parallelize the N channel
paths as in [21]. However, both methods yields
approximated result, fail under large mean, and
phase variation. Hence, in this proposed work,
Population Mean estimate (PME) based approach
is used for adaptive modulation in distributed
sensor MISO beamforming under phase error for
Rayleigh flat fading channel with Additive White
Gaussian noise (AWGN). The phase error is
modeled as Gaussian variable as in [12] but with
Nonzero-Mean. Least Mean Square (LMS)

Let the random variable Y represent the process
phase error. Let x1 represents the errors due to
device aging, x2 represents quantization effect, x3
represents feedback delay effect, x4 represents the
temperature effect, x5 represents estimation and
positional variation errors, x6 represents power
variations, x7 represents startup delays, x8
represents crystal error, x9 is channel variation,
x10 is detector error etc. Then, the variable Y is
sum of its contributing parts. By central limit
theorem (CLT), the variable Y approaches
Gaussian distribution as given in equation (1) with
(population) mean θμ and standard deviation θσ.
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Y   Xi

(1)

i 1

where each Xi is the random variable, representing
the contributing process as defined above. The
distribution of Y follows Gaussian with mean (θ μ)
and standard deviation (SD) (θσ) is shown in Fig 1.
The modeling is assumed to be stationary .i.e. the
mean and SD does not vary with time.
Y  N(  ,  )
The instantaneous samples of Y from the N nodes
is represented as
θerr  (err ,1 , err ,2 , err ,3 ,,, err , N )  N(  ,  )
(2)

Figure 2. Cluster of Sensor Array transmitting messages to
destination

The received signal at the destination with
transmit beamforming in the presence of AWGN
noise n(t) and channel hdest is given by equation (4)
in vector form
ydest = w 1hdest x + n
(4)
where
x  [ x1 , x2 , x3 , x4 ,,,,, xN ]T

hdest  [rdest ,1e

Figure 1. Gaussian Distributed Phase Error with Non zeroMean

2.2. Modeling of MISO Transmit Sensor
Beamforming with phase error
Beamforming is the one of the important
techniques of reducing transmission power and
this is achieved by phase synchronization of
signals from all the array nodes so that the signal
gets maximum energy in the intended direction
whereas less energy is radiated in the unintended
direction. The average beam formed from N nodes
with the phase constant θi from each node to
destination and beamforming weights θwi is given
by equation (3) as in [22].
N
1
AF   i 1 ai e j (i wi )
N
(3)
where ai is the attenuation constant and it is
considered as Rayleigh distributed. Consider a
cluster of sensor nodes transmitting signal to
destinations as shown in Fig 2

 jdest ,1

, rdest ,2 e

 jdest ,2

, rdest ,3 e

 jdest ,3

,,,, rdest,N e

 jdest , N

]

rdest,i are path attenuation and θdesti are the phase
constants, i = 1 to N, N is number of nodes in the
array.
In case of transmit beamforming without phase
error, the estimated weight is w = hdest. Suppose,
the estimated weight has error herr it is given by
equation (5)
w  hdest  herr
(5)
where

w  [rdest ,1e

 jdest ,1

, rdest ,2 e

 jdest ,2

herr  [rerr ,1e jerr1 , rerr ,2 e

, rdest ,3 e

 jerr ,2

 jedst ,3

, rerr ,3 e

,,,, rdest, N e

 jerr ,3

 jdest , N T

,,,, rerr,N e

]

 jerr , N T

]

The attenuation variable rerr,i is assumed to be
distributed as Rayleigh variable in accordance
with channel model and θerr,i is the error in
estimated values. Substituting beamforming
weight w as given by equation (5) in equation (4)
and using matrix inverse identity given by
equation (6), we get the following equation (7)
( A  B)1  A1  A1 (A1  B1 )1 A1 (6)
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ydest = (h dest 1  h dest 1 (h dest 1  h err 1 )1 h dest 1 )h dest x
n
(7)
On simplification, the following equation is
obtained.
ydest = (1  hdest 1 (hdest 1  herr 1 )1 x  n (8)
The channel error herr-final is defined as

herr  final  1  hdest 1 (hdest 1  herr 1 )1

(9)
The response of sensor array with phase error can
be rewritten as follows
1
ydest = herr  final x  n
N
(10)
Therefore, the effect of error in estimate is to
reduce the Received Signal Strength (RSS). This
in turn reduces the SNR, increases the BER and
outage probability increases.
2.3 Adaptive Modulation under phase error
Adaptive modulation is a method of achieving
higher data rate [23] through which the symbol
error probability can be reduced. In general,
adaptive modulation problem can be defined as
follows [16]
M  argmax( M ), BER(M)  BER target
M{Mi}
(11)
where M is modulation index. With phase error,
the received signal strength reduces. Assuming
σph-err2
is variance due to phase error, the
following equation represents SNR as in [12].
P
SNR  2 r
 n   ph  err 2
(12)
It can be also defined using signal level as follows

| i 1 ri e j (i ) |2
n1

SNR 

 n 2  |  k 1 rj e j ( ) |2
n2

k

(13)
where n1 is the number of nodes whose phase
error is within the modulation threshold, n2 is
number of nodes whose phase error is above
modulation threshold as given in Table 1 and
n1+ n2 = N is the total number of nodes.

Table 1. Phase Error Threshold value and region of MPSK
modulation
Sl. No

MPSK

Region

1
2
3
4

BPSK
QPSK
8PSK
16PSK

r4
r3
r2
r1

Phase error
threshold values
π/2-π
π/4-π/2
π/8-π/4
0-π/8

With this definition of SNR, the BER becomes a
function of Phase Error and Noise
BER  BER(θerr , n)
(14)
where the phase error vector is defined as
θerr  ang (herr  final )
(15)
Under this condition, the selection of modulation
schemes (M-PSK) is based on the phase error as
can be seen in Fig.1. In a Rayleigh fading channel,
QAM modulation suffers from high BER than
MPSK. Hence, MPSK is selected in this work.
The phase error distribution is divided into the
four regions as shown in Fig 1. In low phase error
region, higher order modulation has to be used to
improve data rate as well as to keep BER under
control. Hence, in the region r1, 16PSK, in r2,
8PSK, in r3, QPSK and in r4, BPSK are to be
used.
The average data rate over the SNR range with
inclusion of phase error is defined as follows in
equation (16)
n

R  (  log2 ( M i )  p(err )derr ) * (log 2 (1  SNR))
i 1

ri

(16)
The lower bound for data rate is obtained when
BPSK is used.
The Table-1 is applicable for the situation where
the phase error distribution has Zero-Mean
distributed. However, in this paper the phase error
is assumed to be distributed as Non Zero-Mean
with mean of π. Therefore, phase error estimation
is required. The use of phase error occurring on
each path would give better result than using mean
of error over all N paths. However, considering the
feedback path nature and to reduce the number of
feedbacks, the mean of phase error is assumed in
this paper.
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2.4 Adaptive Modulation in MISO Transmit
Beamforming under Phase error

Pseudo code for Population Mean Correction
Algorithm

The phase error estimate is required to select the
appropriate modulation order. However, the
estimation of phase error in each path from node
to destination is difficult in case of MISO system.
In addition, the estimation of phase average poses
the problem of sending it back to transmitter.
There may be delay in feedback, quantization
effect, noise influence etc. The existing methods
using sample mean phase error estimates [20, 21]
work up to certain limit of phase errors. The first
technique [20] uses the measurement of received
signal phase and the pilot phase and subtraction of
it. This gives the mean phase of received signal.
The second method [21] uses orthogonal vector to
get the individual channel phase error and mean is
found from it.
The third method [24] uses Kalman filter
technique for phase estimation for individual
participating sensor. Using Kalman filter
technique the phase mean is estimated by suitably
modeling the given problem.
All these estimates are approximated values only,
but have higher complexity due to requirement of
pilot symbol or orthogonal vector generation, etc.
The proposed PME has advantage of reduced
feedback and less computational complexity at the
source using low power sensor devices.
Nevertheless, the proposed PME also yields the
approximated value. Hence, the error in PME has
to be taken into consideration. The error in PME
is assumed uniform distributed as follows.
e  U (  %err *  ,   %err *  )
(17)

1. Estimate the BER moving average for last
10 samples
2. Calculate the BER gradient from the present
BER value and BER moving average value
3. Estimate the  ,new    ,old   if the BER

where θμe is error in population mean and %errs is
error in percentage. To correct this error, Least
Mean Square (LMS) algorithm to minimize the
mean square error (MSE) is used. Assuming that
θμ and θμe are actual mean and mean with error
and the error is assumed to fall within upper and
lower limit as given by equation (17), the
population mean can be corrected like closed loop
feedback control algorithm [25]. The mean square
error is given by

min E (    e )2

(18)

gradient is negative else   ,new    ,old  


   ,new
4.  ,old
5. Repeat the above steps for 100 Iterations.
The flow chart for the algorithm is shown in fig. 3.

Figure 3. Flow chart for the population mean correction
algorithm

The advantage of population mean correction
algorithms are as follows. It uses only the past
values of BER to correct the mean and it does not
require any prediction, therefore prediction related
errors are avoided. The calibrations of measured
values to actual values are not required because
BER is directly measurable. Only 1 bit of
information for sign change is used. However,
with Sample mean measurement the current values
of mean is required and this requires more number
of bits. In addition, this algorithm need not be
executed every time as the process parameter is
assumed to be non-varying over time. The
populations mean correction algorithm can also be
used to correct mean from some assumed value as
initial population mean. In this paper, the error up
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to 80% is assigned to initial population mean value
and calibration is carried out.

ydest (t )  Re(

1
N



N

r

i 1 err ,i

e

j (  t err,i   )

x(t )  n(t))

(25)

2.5 Preprocessing of beam forming weights by
Population Mean approach
In this section, the estimation of phase error
distribution with and without PME is discussed.
If fw,peadjust(w) denotes the probability density
function of w with phase error and fw,nophadjust(w)
with no phase error, then.

f w,no phadjust ( w)  N( ,  2 )

(19)

Subtracting the population mean (θμ) from each
θerr, i, the resultant distribution is modeled with
Zero-Mean as follows.
θerr     N(0,  )
(20)
and

f w,, phadjust ( w)  N(0,  2 )

(21)
Now the preprocessing of the herr by hμ, gives the
following equation (22).
ydest = (herr  h )x  n
(22)
Therefore, beamforming vector adjustment has
made the phase error to be Zero-Mean distributed
at the receiver. Without phase error adjustment,
the phase error at the receiver follows the same
distribution as the source and hence it is difficult
to maintain the given BER. Using equations (19)
and (21), and estimating the expectation, we get
the following expression.
E[θerr ]   
(23)
E[θerr    ]  0
(24)
Therefore, the phase error effect is reduced by
preprocessing the beamforming vector by the
Population Mean Estimate (PME). From equation
(24), it is proved that the result of using Population
Mean Estimate with Nonzero-Mean distributed
phase error is same as Zero-Mean distributed
phase error. The received signal after
beamforming
vector
preprocessing
using
population mean is given by the equation (25) for
the destination and the system model is shown in
Fig. 3

Figure 4. System Model using PME

From the system model in Fig 4, it is understood
that the PME method requires only the predicted
SNR value for modulation adaptation whereas the
SME method requires SNR and as well as sample
mean estimate for transmission.
The modulation adaptation is carried out to
maintain the BER at the destination. It is assumed
that the beamforming vector estimates West is
available and hμ is the mean of phase error
estimated from PME
Pseudo code for Adaptive Modulation
Algorithm using Population Mean Estimates
1) Estimated Population Mean (θμ,Y) from
Distribution Variable Y.
2 Estimate the Population Mean Correction (θ err)
and add it with θμ,Y. i.e.      ,Y  err
3) Adjust the already estimated Beamforming
Vector
(West)
with
Population
Mean
Wadj  West  h
4) Based on the RSS received, select the
modulation M if BER (M) ≤BERtarget, Otherwise,
Select next lower modulation M and repeat it until
all M-PSK have been checked.
5) Transmit message after modulating using MPSK
6) Repeat from step 4 until all message have been
transmitted.
The flowchart is shown in Fig. 5.
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8

Phase Error
Distribution

9

Pilot Sequence

Gaussian with
Mean = π radians
Sigma 0.9 radians
One symbol

3.1 Adaptive Modulation without Phase
Error
Fig 6 shows the BER performance assuming no
phase error. There are six graphs in Fig 4. The
graphs, Blue for BPSK, Red for QPSK Black for
8PSK and yellow for 16PSK modulation indicate
BER average and green curve is the target BER.
The Merun color indicates the adaptive
modulation. Though phase error is not considered,
the Rayleigh attenuation is considered along with
AWGN.
10

Figure 5. Flow chart of the Adaptive modulation using
PME algortihm
10

RESULTS

-2

AND
10

-4

BER

3
SIMULATION
DISCUSSION

Adaptive Modulation Without Phase Error

0

For this work, it is assumed that sensors are spread
on a plane surface and no movement of sensors is
allowed. Each sensor has a single isotropic
antenna. The frequency synchronization is done
already. Table 2 gives the parameters used for
simulation. The phase error is assumed to be
independent of each other. The SNR is fedback to
transmitter through feedback path. The simulation
is done in MATLAB software using equation (25)
and using the system model explained. The results
are obtained for a 10 nodes array. The target BER
is taken as 10-2. The population mean can be
corrected up to 10% and therefore the population
mean is assumed to have 10% uniformly
distributed error for PME.
Table 2. Simulation Parameters
Sl.No
1
2

Parameter
No. of Array Sensors
Iterations

3

Data Bits Sequence

4
5
6
7

Modulation Schemes
Channel Type
Channel Noise
SNR

Value
10
1000
1200 Bits Randomly
selected
M-PSK -2,4,8 and 16
Rayleigh Flat Fading
AWGN, N(0,1)
0 -30dB

10

10

10

-6

BPSK
QPSK
8PSK
16PSK
ADAPTIVE
TARGETBER

-8

-10

0

5

10

15
SNR in dB

20

25

30

Figure 6. Modulation Adaptation without any phase error.

From the Fig. 6, for the given target BER, the
adaptive modulation is able to achieve higher data
rate. It is found to be 2.5484 approximately using
10 nodes array for the SNR range of 0 to 30dB.
This similar result is obtained for similar trials.
Therefere, this becomes the upper bound
obtainable without phase error effect and it
depends on the SNR range.
3.2 Adaptive Modulation with Zero-Mean
phase error with phase variation of 90 0 from
mean
Fig 7 shows the BER performance with phase
error for 900 from zero mean. There are five
graphs in the figure, and same color convention is

88

International Journal of Digital Information and Wireless Communications (IJDIWC) 5(2): 82-94
The Society of Digital Information and Wireless Communications, 2015 ISSN 2225-658X (Online); ISSN 2412-6551 (Print)

followed. The experiments have been simulated
for 10 nodes array for SNR range of 0 to 30 dB
10

Adaptive Modulation Under Phase Error W ithout Estimate

0

10

-2

10

Adaptive Modulation Under Phase Error W ithout Estimate

0

-2

-4

BER

10

10

-4

10

-6

BPSK
QPSK
8PSK
16PSK
ADAPTIVE
TARGETBER

BER

10

10

10

10

-6

BPSK
QPSK
8PSK
16PSK
ADAPTIVE
TARGETBER

-8

10

10

-10

0

5

10

15
SNR in dB

20

25

30

Figure 7. Zero-Mean phase error with 900 variation

From Fig. 7, the BER graph follows conventional
model and it is easy to adapt modulation under this
condition. In the above Fig 7, the modulation
adaptation is possible even without estimates. The
outage occurs up to 5dB. Table 3 shows the
average data rate over SNR in bits per cycles with
different trials for M-PSK modulation. The
modulation adaptation is better when the phase
error variation is less as expected. Therefore, the
above results show that the adaptive modulation is
possible under Zero-Mean phase error distribution
without any estimates.
Table 3. Average Data Rate under Zero-Mean Phase Error
Distribution with 300,600 and 900 variation
Phase Variation
Average Data Rate in
Bits/Cycle

300
1.9032

600
1.3548

900
0.7742

3.3 Adaptive Modulation under phase error
for Mean 1800 and without any estimates
Fig. 8 shows the simulation results for adaptive
modulation under phase error for mean 180 degree
with phase error variation of 30degree. There are
five graphs in Fig. 8 and the same color
convention is used as in Fig. 7. To analyze the
possibility of adaptive modulation under NonzeroMean phase without estimation, the following
result is simulated.

-8

-10

0

5

10

15
SNR in dB

20

25

30

Figure 8. Adaptive Modulatio under mean phase error of
1800 and maximum variation of 300 and without any
estimates

From the above Fig. 8, it is understood that the
modulation adaptation is not possible with non
zero- mean phase error without using phase error
estimates even under phase variation of 30 0. The
BER graph is almost flat. It is justified that the
mean of phase error (1800) is π radian and from
Table 1 it is equal to BPSK phase error threshold.
Though the mean has higher probability of
occurrence, it is at the edge of the region even for
BPSK. Therefore, it is possible for every bit to be
in error even in case of BPSK, which is supposed
to have the least BER. Even after 30dB, reception
is not possible, i.e. outage occurs at the given
BER. This enforces the use of at least the mean
estimate for adaptive modulation to be
implemented under the above condition.
3.4 Comparison of Adaptive Modulation using
PME with existing works
Comparison of the population mean estimator with
existing works [20, 21, 24] has been simulated for
maximum variation of 300 from mean 1800. There
are six graphs in Fig 9(a) and (c) Blue is average
BER for BPSK, red for QPSK, Black for 8PSK,
yellow for 16PSK and magenta for Adaptive
modulation. The target BER is shown in green.
The graph 9(a) is for proposed PME; 9(b) is for
Sample Mean Estimate (SME) [20], 9(c) for SME
[21] and 9(d) for SME [24].
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From the above graph 9(a) using the PME, we are
able to adapt modulation at the BER of 10 -2 under
phase error. The modulation is able to adapt
between BPSK and QPSK as compared to Fig 6.
In addition, the outage occurs up to 5dB in both
Fig 6 and 9(a). Therefore, its performance is
similar to the Zero-Mean phase error distribution.
. However, from figures 9(b), 9(c) and 9(d), it is
inferred that the adaptive modulation is not
possible with existing works [20, 21 and 24] as the
measurement fails at the mean phase error of 180 0.
Table 4 shows comparative Performance of
Average Data rate in Bits per cycle over given
SNR range of 0 to 30 dB using Sample Mean
Estimator (SME) [20], [21], [24] and Population
Mean Estimator (PME) using M-PSK Modulation
for the phase error variation of 300,600 and 900
from mean.
Table 4. Comparative Average Data Rate for SME and
PME

-10

0

10

(d)
Figure 9. Comparison with existing work for maximum
variaion of 300 from mean 1800 (a) proposed PME (b)
existing work [20] (c) existing work [21] and (d) exiting
work [24]

Adaptive Modulation Under Phase Error using SME Technique-1

0

10

-6

30

Phase Error
Variation (in
Degree)
30
60
90

Average Data Rates in Bits/Cycles
SME SME SME
PME
[20]
[21]
[24]
0
0
0
1.5161
0
0
0
1.3871
0
0
0
0.8065

From the Table 3 and 4 above, the achievable data
rate using PME under Nonzero-Mean phase error
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with mean of 1800 matches with Zero-Mean Phase
Error Scenario.
The estimation capability of SME is presented in
the following Tables 5, 6 and 7. The Table 5
shows the Sample Mean Estimate [20] and Table 6
is for SME [21] and Table 7 for SME [24] for the
SNR range of 0-30 dB for the maximum phase
error variation of 10%, 20% and 50% from phase
angle -180 to 180.
Table 5. Estimation of Sample Mean Estimate using
SME[20] for the maximum variation of 10% 20% and 50%
variation from different phase angle ranging from -1800 to
1800
Phase
Angle
(Degree)
-180
-150
-120
-90
-60
-30
0
30
60
90
120
150
180

10%

20%

50%

115.483
-135.59
-121.45
-92.965
-62.395
-31.262
3.5129
31.3586
62.3229
93.1610
121.516
135.112
-114.53

131.585
-128.71
-125.68
-97.3749
-65.4166
-32.8615
3.3445
32.7699
65.1781
97.4355
125.8760
128.6423
-132.131

127.852
82.7999
-135.417
-109.79
-74.1195
-37.3357
3.7103
37.0321
74.2587
110.1988
135.2541
-79.6403
-127.549

Table 6. Estimation of Sample Mean Estimate using SME
[21] for the maximum variation of 10% 20% and 50%
variation from different phase angle ranging from -1800 to
1800
Phase
Angle
(Degree)
-180
-150
-120
-90
-60
-30
0
30
60
90
120
150
180

10%

20%

50%

102.94
-134.430
-121.733
-93.1486
-62.2409
-31.2674
3.4316
31.4512
62.3584
93.3592
121.118
134.582
-101.86

119.66
-114.03
-125.977
-97.6052
-65.2834
-32.9112
3.3619
32.9190
65.5053
97.3584
125.827
115.697
-118.77

116.04
26.1935
-121.823
-109.103
-73.8956
-37.2278
3.5942
37.2095
74.1196
108.3897
121.035
-26.7407
-114.56

Table 7. Estimation of Sample Mean Estimate using SME
[24] for the maximum variation of 10% 20% and 50%
variation from different phase angle ranging from -1800 to
1800
Phase
Angle
(Degree)
-180
-150
-120
-90
-60
-30
0
30
60
90
120
150
180

10%

20%

50%

170.231
-156.546
-124.691
-94.7930
-63.2484
-31.3794
-0.058
1.3488
63.4666
94.2281
125.683
156.950
-172.03

157.221
-161.597
-129.927
-100.99
-68.1629
-32.6717
-0.001
33.344
64.967
100.90
133.904
168.283
-157.59

132.28
171.16
-142.879
-111.904
-73.83
-38.23
0.052
37.140
77.845
114.72
156.064
-172.44
-147.354

From the above Table 5-7, SME [20] [21] and [24]
give approximated values with 10% error in
estimates for the phase angle range from 120 to
-120. These results are average of SNR over 0-30
dB and for 1000 iterations. The estimates at 1500
and 1800 are wrong for both SME [20] [21] and
[24] and for even minimum variation of 10%. The
BER simulation were carried out with 50%
variation in Table 5 and 7 at 1800 level. However,
at this level, the SME Technique fails to estimate
correctly. Therefore, the adaptive modulation
assuming phase error mean of 1800 does not give
desired results using SME [20] [21] and [24].
However, using PME, the adaptive modulation is
achieved.
The performance of PME has been simulated with
600and 900 There are six graphs in Fig 10 and 11.
Blue is average BER graph for BPSK, red for
QPSK, Black for, 8PSK, yellow for 16PSK and
magenta for Adaptive modulation. The target BER
is shown in green. The Figure 10 is for 600
variations and Figure 11 is for 900 variations.
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for PME and Red is for sample mean estimate
technique [20].
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Figure 12. Comparison of Mean Phase Error Tracking
using SME [20] and proposed PME for 300 variation from
mean of 1800 for 10 nodes array

BER

10

Adaptive Modulation Under Phase Error Using PME

0

200

50

Figure 10. Adaptive Modulation using PME for maximum
variaion of 600 from mean 1800

10

250

30

Figure 11. Adaptive Modulation using PME for maximum
variaion of 900 from mean 1800

From the above figures 10 and 11 using the PME,
we are able to adapt modulation at the BER of 10 -2
under phase error. Nevertheless, using SME
technique [20, 21, 24], the adaptive modulation is
not possible as the methods fails at the mean phase
error of 1800 as given in Tables 5, 6 and 7.
3.4 Comparison of Phase error tracking with
existing works for maximum variation of 300
from mean of 1800
Fig 12 shows the comparison of tracking
capability of Sample Mean Estimate (SME) [20],
proposed PME and actual sample mean with the
300 variation from mean of 1800. There are 3
graphs in each Fig 12. The Yellow color
represents actual sample mean variation, Blue is

From the above Fig 12, it is understood that the
SME [20] is unable to track the least variation of
300 from mean of 1800, whereas the PME is able
to track better. The PME is assumed to have 10 %
in estimation always. The maximum 10% error in
PME is referred from the Table 7 given below. If
the 10% error in PME were not assumed, the
adaptive modulation results would be better.
To show the capability of population mean
correction algorithm, the simulation of population
mean correction algorithm was executed and the
results are given in the Table 8 with the initial
error of +/-80%. The results are represented in
degrees. The final value attained should be
θμ=π=1800. From the Table 7, the final value falls
within the 10% of Population Mean and it is
possible to correct positive as well as negative
variations.
Table 8. Result of Population Mean Correction Algorithm

Node

Initial
error
(%)

Initial
Value
(degree)

10
10

- 80
+80

36
324

Final
Value
(FV)
(degree)
177.8335
182.1931

Error % =
(180-FV) *100
FV
1.2036%
1.2183%
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To compare the tracking capability of SME [21],
the following Fig 13 has been plotted with the
variation of 300 from mean of 1800.

data rate also, increases with simultaneous
reduction in transmit power level.
Table 9. Maximum Data Rate in Bits/cycle

Comparison of Mean Phase ERR Measurement Technique

Error (in
Degree)
30
60
90

300

Phase Angle ERROR in Degree

250

200

150

50

PME
TECHNIQUE-2
ACTUAL
0

5

10
ITERATION

15

20

Figure 13. Comparison of Mean Phase Error Tracking
using SME [21] and PME for 300 variations from mean of
1800 for 10 nodes array

Similar to the previous results, from the above Fig.
13, it is understood that the SME [21] is unable to
track the least variation of 300 from mean of 1800.
Similar results are observed for SME [24] with the
variation of 300 from mean of 1800 as shown in
Fig.14. On the other hand, the PME is able to
track better than the existing works.
Comparison of Mean Phase ERR Measurement Technique
300
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150

100

50

0
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12
5

4 CONCLUSION

100

0
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ACTUAL
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15
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Figure 14. Comparison of Mean Phase Error Tracking
using SME [24] and PME for 300 variation from mean of
1800 for 10 nodes array

Table 9 shows the maximum data rate achievable
over given power level for the 300,600 and 900
variation of phase error mean 1800 using PME. As
the phase error variation reduces the maximum

Modulation adaptation in Transmit Beamforming
for distributed sensor array under non-zero mean
Gaussian Distributed Phase Error has been
proposed using Population Mean Estimates (PME)
for a Rayleigh flat fading channel. It is observed
that without estimates, the adaptive modulation is
not possible under given conditions, and Sample
Mean Estimates (SME) can be used. However, the
existing SME techniques fail under large phase
errors for the case of MISO system. To resolve
the problem, the Population Mean Estimate
approach is proposed as an alternative estimator.
At the transmitter side, adjusting the beamforming
weights by simple preprocessing results in
reduction of computational complexity for the
participating sensor and improves the achievable
data rates. To correct for error in PME, the
Population Means correction algorithms has been
proposed and is able to correct both positive and
negative deviation from 80% to within 10%. It is
also demonstrated from the results that using the
proposed method, the average data rate achievable
is similar to the case of phase error with zero
mean. Thus, it is concluded that maximum data
rate achievable increases under reduced phase
error variation and the SNR required also reduces
under similar conditions with the proposed
method.
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ABSTRACT
Ontologies have become an important means for
structuring knowledge, building knowledgeintensive systems and applying to open and
dynamic environments wherever the knowledge
they model, as well as the user needs which they
have to answer evolve. Therefore, the ontologies
must be regularly updated at the risk of becoming
obsolete. The construction and maintenance of
domain ontologies are costly and time-consuming
tasks.With the advent of ontologies being used in
many different fields of computer science,
developing appropriate methods to automate
ontology engineering become an increasingly
important goal. Hence, we present an extraction,
building and enrichment process to generate and
enrich domain ontology using text-mining
techniques. We exploit domain specific texts
collected from medical reports in order to
automatically extract terms. These terms are sets of
concepts/relations which have either taxonomic or
non-taxonomic relationships among them. For the
building need, we have developed an extensive and
detailed ontology in the field of gynaecology using
this process. For the enrichment need, we arrange
the extracted terms in sub-hierarchies, and detect
the appropriate place to attach them to the ontology
hierarchy

KEYWORDS
Domain Ontology, Corpus, Text Mining, Ontology
Building, Ontology Enrichment.

1 INTRODUCTION
Ontologies have been developed to capture the
knowledge of a real world domain. “Ontology is
defined as a formal and explicit specification of
a shared conceptualization of a domain. They

provide a shared and common understanding of
a particular domain of interest” [22]. A domain
ontology defines a vocabulary of concepts and
their relationships for a given domain.
The most important prerequisite for the success
of the semantic Web research is the
construction of reliable domain ontologies. In
case of large and complex application domains
this task can be costly, time consuming and
error-prone. For this purpose, efforts have been
made to facilitate the ontology engineering process,
in particular the construction and enrichment of
ontology from domain texts. Therefore, it is

highly advisable to refer, in constructing
ontology, to the documents available in the
studied field.Ontology learning has recently
become a major focus for research whose goal
is to facilitate the construction of ontologies by
decreasing the amount of effort required to
produce an ontology for a new domain or to
enrich existing ones. Ontology learning is a
research field focused on constructing
automatically (or semi-automatically) ontology
from a set of relevant text documents [24].
Several barriers must be overcome after the
ontologies become practical. A critical issue is
the task of updating, and maintaining. In case of
large and complex application domains this task
can be costly, time consuming and error-prone.
To reduce cost and time, it is highly advisable
to refer, in constructing or updating ontology,
to the documents available in the field. Textmining tools may be of great help in this task.
Ontologies have been developed to capture the
knowledge of a real world domain and applied
to open and dynamic environments where the
domain knowledge evolve and the user needs
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which they have to answer change. Therefore,
ontologies must be regularly updated to take
into account:
1. The evolutions of the conceptualized domain
knowledge.
2. The change needs for the diverse human
actors or software.
3. The integration of new concepts and new
properties.
The enrichment aims to guarantee the
consistency and the coherence of the
ontologies, to keep the efficiency of the
application based on them.
Ontologies building and enrichment are still a
time consuming and complex tasks, requiring a
high degree of human supervision and being
still a bottleneck in the development of the
semantic Web technology.
We propose the use of text mining techniques,
especially mining the domain specific texts in
order to find concepts which are related to each
other. Such pair of related concepts will help
the developer to build or enrich the domain
ontology.
The building problem to solve is to get all the
elements needed to build domain ontology.
First, it is necessary to identify relevant
concepts in the corpus of texts. Second, we try
to find relevant or semantic relations between
them.
The enrichment problem to solve is to extract
relevant concepts from existing documents in a
Medical domain, arrange them in subhierarchies, and detect relations among such
concepts. The enrichment behaves like a
classification of the extracted terms into the
existing ontology by attaching them to the
hierarchy.
In this paper we present an extraction, building
and enrichment process. As input, our process
receives a corpus of documents related to
medical reports in gynaecology domain. As

output in the building case, the process delivers
a hierarchical ontology composed of a set of
concepts and a set of non-hierarchical relations
between those concepts. The developed
ontology
offers
a
good
structuring,
organization, and modelling of the knowledge
relative to the domain. It represents the
particular meanings of terms as they apply to
gynecology domain. It provides information
and knowledge for a better health informatics
service. As output in the enrichment case, the
process delivers an adapted ontology, i.e. its
taxonomy is enriched, with new domainspecific concepts extracted from the corpus.
The rest of the paper is organized as follows:
Section 2 presents the knowledge engineering
field. Section 3 outlines the knowledge
extraction approaches. Section 4 focuses on the
ontology learning domain. The ontologies
building methodologies are presented and some
related work on ontologies enrichment is given.
Section 5, describes our proposed process and
gives more detail of the three major phases:
knowledge extraction ontologies building and
ontologies enrichment. Finally, Section 6
discusses conclusion and sketches future work.
2 KNOWLEDGE ENGINEERING
The Knowledge Engineering finds its origins in
the Artificial Intelligence domain. It is
interested more and more, to the problems of
acquisition and the modelling of the
knowledge. It offers the scientific method to
analyze and treat them. It suggests concepts,
methods and techniques allowing to model,
formalizing, acquiring knowledge in the
organization in a purpose of structuring or
management [1].
In the literature, a large number of methods of
Knowledge Engineering were originally
dedicated to develop systems based knowledge.
On a large list of them, we can cite: the
SAGACE method [2], the Common KADS
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method [3], the REX method [4], and the
MASK method [1].

text, deriving patterns within the structured data,
and finally evaluation and interpretation of the
output [8].

3 KNOWLEDGE EXTRACTIONS
4 ONTOLOGIES LEARNING
The Knowledge Extraction (KE) is the creation
of knowledge from structured (relational
databases, XML) and unstructured (text,
documents, images) sources. The KE is the
process of discovery and interpretation of
regularities on the data. We distinguish three (3)
approaches of extraction:
3.1 Knowledge Extraction from the Data or
Data Mining

Ontology learning has recently become a major
focus for research whose goal is to facilitate the
construction of ontologies by decreasing the
amount of effort required to produce an
ontology for a new domain or enrich existing
ones [24]. In this section, we present the
ontologies building methodologies and some
related work on ontologies enrichment.
4.1 Ontology Building Methotologies

The most well-known field of data mining is
knowledge discovery, also known as knowledge
discovery in databases. Just as many other
forms
of
knowledge
discovery
it
creates abstractions of
the
input
data.
The knowledge obtained through the process
may become additional data that can be used for
further use and discovery [6].
3.2 Knowledge Extraction from the Web or
Web Mining
Web Mining is the application of data mining
techniques to discover interesting usage patterns
from Web data in order to understand and better
serve the needs of Web-based applications.
Usage data captures the identity or origin of
Web users along with their browsing behavior at
a Web site. According to analysis targets, web
mining can be divided into three different types,
which are Web usage mining, Web content
mining and Web structure mining [7].
3.3 Knowledge Extraction from the Text or
Text Mining
Text mining, also referred to as text data
mining, roughly equivalent to text analytics,
refers to the process of deriving highquality information from text. It
usually
involves the process of structuring the input

When a new ontology is going to be developed,
several basic questions arise related to the
methodologies, tools and languages to be used
in ontology development as reported in [23].
Building a well-developed and usable ontology
represents a significant challenge. A range of
methods and techniques have been reported in
the literature regarding ontology construction
methodologies
[23].
Mike
Uschold’s
methodology [9], Michael Grüninger and Mark
Fox’s methodology [10], and Methontology
[11] are the most representative. These
methodologies have in common that they start
from the identification of the ontology’s
purpose and the need for domain knowledge
acquisition. However, having acquired a
significant amount of knowledge, Uschold’s
methodology and Grüninger and Fox’s
methodology propose coding in a formal
language
and
Methontology
proposes
expressing the idea as a set of intermediate
representations. These representations bridge
the gap between how people think about a
domain and the languages in which ontologies
are formalized. Thus, Methontology enables
experts and ontology makers unfamiliar with
implementation
environments
to
build
ontologies.
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For the ontology evaluation, Ushold’s
methodology includes this activity but does not
state how to carry it out. Grüninger and Fox
propose the identifying a set of competency
questions. Evaluation in Methontology occurs
throughout the ontology development.

The ontologies applied to open and dynamic
environments wherever the knowledge they
model, as well as the user needs which they
have to answer evolve. Therefore, they must be
regularly updated at the risk of becoming
obsolete.

For our purpose, we have chosen the
Methontology for the application ontology
building. It enables the construction of
ontologies at the knowledge level. It includes
the identification of the ontology development
process and a life cycle based on evolving
prototypes.

The process of domain ontology enrichment has
two inputs, an existing ontology which plays
the role of background knowledge and a
domain text corpus. The aim of our work is to
automatically adapt the given ontology
according to a domain specific corpus. We
enrich the hierarchical backbone of the existing
ontology, i.e. its taxonomy, with new domainspecific concepts extracted from the corpus
[17].

Manual ontology construction is costly, time
consuming, error-prone, and inflexible to
change, it is hoped that an automated ontology
building process will result in more effective
and more efficient ontology construction and
also be able to create ontologies that better
represent a specific domain [24]. The KE has
recently become a major focus for research
whose goal is to facilitate the construction of
ontologies by decreasing the amount of effort
required to build ontology for a new domain.
Developing appropriate methods to support or
automate ontology building process become an
increasingly important goal.
Several disciplines have contributed to facilitate
and expedite the construction of ontologies,
especially natural language processing, data and
text mining, clustering and machine learning
[13].
For this purpose, we collect a set of medical
reports in the gynaecology domain to text
mining and build new ontology following these
phases:
specification,
conceptualization,
formalization, implementation and validation.

4.2 Ontology Enrichment

The enrichment process is divided into two
main phases: a phase of learning to look for
new concepts and relations and a phase of
investment of these concepts and relations to
keep consistency of the ontology and protect its
coherence. This process of enrichment is
invoked at each evolution need [29], [30].
Many research works were realized in this
context to guarantee the consistency and the
coherence of the ontology with regard to the
evolution of the data or the domain There are
two main categories of approaches for ontology
enrichment: methods based on distributional
similarity and classification of terms into an
existing taxonomy on one hand, and approaches
using lexico-syntactic patterns, on the other
hand. Our enrichment approach belongs to the
first category [6], [17], [18], [29].
We propose the use of text mining techniques,
especially mining the domain specific texts in
order to find groups of concepts which are
related to each other. We evaluate and update
the existing ontology in case those concepts are
already defined in the ontology, or to enrich the
existing ontology in case those concepts are not
defined in a purpose of maintenance.
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from domain documents, and filtering out terms
irrelevant to the domain to build new ontology.

5 PROPOSED PROCESS
The objective of our process is to facilitate
ontology engineering from texts in real-world
settings
through
several
information
extractions. Thus, we had to face (i) the
discovery of relevant concepts, (ii) their
organization in taxonomy, and (iii) the nontaxonomic relationships between concepts.

In this paper, we propose an extraction and
building process which includes four main
phases [31]: the specification, the linguistic
study and knowledge extraction, the ontology
building and finally, the enrichment of the
developed ontology (fig1).

Ontology construction is the process whereby
relations are defined between extracted terms

Figure 1. Extraction, Building and Enrichment process.
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The proposed process begins with the ontology
specification phase. It identifies the knowledge
domain and the purpose of the ontology,
including the operational goal, the intended
users and the scope of the ontology which
contain the set of terms to be represented and
their characteristics. The second phase is the
linguistic study and the knowledge extraction. It
introduces the following steps: corpus preprocessing, extraction of terms, cleaning and
filtering, and finally classification. Then, the
third phase consists in the construction of the
ontology. It includes the following steps:
conceptualization,
formalization,
implementation and validation test. The last
phase concerns the ontology enrichment to
guarantee the consistency and the coherence of
the ontology and ensure the evolution of the
data and/or the domain.
5.1 Ontology Specification
This phase aims at supplying a clear description
of the studied problem and at establishing a
document of requirements specification. Thus,
we need to answer at some fundamental
questions:Which domain will cover ontology?.
In which purpose ontology will be used?
We describe the ontology to be built through
the following five (5) aspects:
a). Knowledge Domain
The study domain concerns the speciality of
gynaecology in medicine.
b). Operational Goal
The objective serves to structure the terms of
the domain and to help the health agents in their
work.
c). Users

the maternity service of hospital and doctor’s
offices can use our ontology.
d). Information Sources
It is a question of selecting among various
sources of knowledge those who will answer the
goal of the study.
We extract new relevant vocabulary terms from
medical reports collected from some doctor’s
offices and maternity service of hospital. We
also inspired terms from some related work in
building ontologies [6] [8] [12].
e). Ontology Scope
Among the terms, we quote: patient,
consultation, treatment, pregnancy, childbirth,
abortion, newborn child, treatment, disease,
doctor... etc.
5.2 Linguistic Study and Extraction
After the pre-processing of the corpus, the
sentences are treated by a morpho-syntactic
analyzer to extract the terms. Afterward, some
operations of cleaning are necessary such as
remove of stop words, change the upper case
characters to lower case and eliminate
irrelevant and abbreviation terms. The syntactic
analyzer Tree Tagger (API) [15] allows to
annotate a text with information on the part of
speech (kind of word: subject, verb, noun …)
and information of lemmatization. Then, the
operation of filtering is going to serve us to
build our dictionary of term. Next, the
classification step serves to distribute the terms
in two (2) lists, one for the relations and the
other one for the candidate concepts using
information of lemmatization. We are going to
present in detail the four (4) steps of the
linguistic study and extraction phase.

The agents of health (doctors, nurses,
geneacologist, midwife, health-officer, …) in
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5.2.1Corpus Pre-processing
The pre-processing aims to define a strategy to
treat the missing data. It consists in normalizing
the text to obtain coherent results and also, as
possible, to correct human errors by the
assistant of linguistic experts. This stage serves
to normalize the diverse manners of writing the
same word, to correct the obvious spelling
mistakes or the typographic incoherence and to
clarify certain lexical information expressed
implicitly in texts. The textual or linguistic
analysis of the corpus means systematizing and
making more effective the search of terms in
the texts. We also used the spell-checker [16] to
avoid errors in the corpus. Then, the text is
divided into a set of sentences to allow the use
of the morphosyntactic analyzer Tree Tagger
[15].
5.2.2 Extraction of Terms
Term Extraction is the basic task in the
ontology learning research. Its objective is to
obtain terms, which may be considered as
linguistic realizations of domain specific
concepts [25].
The extraction of terms then aims at listing all
the terms contained in a corpus. To achieve this
goal, we use two tools: R.TeMiS, version 10.6
[14] and TreeTagger, version 3.2 [15].
R.TeMiS 10.6: Is a tool serves to create, treat,
analyze and extract terms from the corpus of
texts. As input, corpus of texts must be
organized into a set of sentences and stored
them in a file of .txt extension. The advantage of
this tool is to calculate the number of
occurrence of each term. It is used as a filter to
choose the most relevant terms to build our
medical ontology. Also, R.TeMiS shows the
stop-words to facilitate us their deletion [14].
TreeTagger 3.2: is a tool of morpho-syntactic
labelling and lemmatization. It serves to assign
to each term in the corpus its morpho-syntactic

category (name, verb, adjective, article, proper
noun, pronoun, abbreviation, etc.) and give for
each term its lemmatization. As input, corpus of
texts must be organized into a set of sentences,
and stored them in a file of .txt extension.
TreeTagger is used to classify extracted terms
(concepts/relations) using the annotation and
lemmatization information [15].
5.2.3 Cleaning and Filtering
After mining any text, we perform certain
cleaning operations, such as remove the stop
words, change the upper case characters to
lower case and. remove the irrelevant and
abbreviation terms.
Within the framework of the statistical
methods, several measures are usually used to
select the candidate terms. Among them, we
can quote the number of appearances of a term
within a corpus, as well as more complex
measures such as the mutual information, tf-idf,
is still used in statistical distributions methods
[17]. However, all these techniques allow to
detect only new concepts and none the exactly
place of extracted concept in the ontology
hierarchy. The method is based on the syntactic
analysis, and use the grammatical techniques of
a word or a group of words a sentence. They
put the hypothesis that the grammatical
dependences reflect semantic dependences [18].
Other approaches use syntactical patterns [19]
to extract concepts and the relations between
them.
In our work, we are going to use the number of
occurrence of the terms which is going to help
us to realize the first filter. The filtering serves
to select the appropriate terms (candidate terms)
suited for our domain ontology. Then, we focus
on the semantic similarity between concepts
and their properties.The similarity measure
serves to compare the number of common
properties with regard to the total number of
properties. We choose the method where the
similarity is established on the set theory. They
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produce a measure of similarity which is not
inevitably metric. The ratio model of Tversky
[27] takes into account the number of common
properties and the differences between both
concepts such as the coefficient of Jaccard:

(1)
Where
C1 : Set of properties of c1.
C2 : Set of properties of c2
: An increasing and monotonous function and
α≥0, β≥0 are parameters which balance the
differences.
The difference C1-C2 correspond to the
properties possessed by C1 but absent in C2
and C2-C1correspond to the properties
possessed by C2 but absent in C1.
we are trying to define a second filter using
semantic similarity method of Jiang and
Conrath measure to best select the relevant
terms [32]. In order to compute the total
semantic distance between any two concepts in
the taxonomy, Jiang and Conrath’s measure
uses the sum of the individual distances
between the nodes in the shortest path and the
amount of information which the two concepts
shares in common. The semantic distance
between any two concepts C1 and C2 in the
taxonomy is given by:

(2)
Where
IC is the informational content of a concept C.
It is defined as:
IC(C) = -log (P(C))

C is the the smallest concept that subsumes
both C1 and C2.
The values of partial similarities obtained
previously, will be balanced by coefficients.
For example, the coefficient associated to the
SimTve is given by the following formula:
TveW= e SimTve (4)
The other coefficients are calculated in the
same way. Therefore, the global similarity
(GSim) is given by:

(5)
The filtering operation allows determining the
most relevant terms among the significant
terms.
5.2.4 Classification
The terms extracted from the previous step,
were then classified into two categories of
terms, following this idea. In this step, we are
going to classify the semantic elements
extracted according into two categories: the
concepts and the relations. For that purpose, we
are going to use the information provided by the
TreeTagger tool to classify each term according
to its category. Therefore, we are going to
classify NAME (proper nouns) as concepts and
the terms of type (verb) as relations.
5.3 Ontology Building
Our medical ontology to be built concerns the
gynaecology domain.

(3)
5.3.1 Conceptualization

P(C) denotes the probability of occurrence of
concept C instances. This probability is
calculated by: frequency(C)/N, where N is the
total number of concepts.

After the acquisition of the majority of
knowledge in the first phase, we must organize
and structure them by using semi-formal or
intermediate representations which is easy to
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understand
and
independent
of
any
implementation language. This phase contains
several steps which are: build the glossary of
terms; build the concepts hierarchy; build the
binary-relations diagram; build the concepts
dictionary; build the binary-relations-tables;
build the attributes-tables; build the logicalaxioms table; build the instances-table and
build the assertions-tables.
a) Build the Glossary of Terms
This glossary contains the definition of all
terms relating to the domain (concepts,
instances, attributes, relations) which will be
represented in the domain ontology. It describes
all the candidate terms extracted and filtered in
the extraction phase, see TABLE 1.

hierarchical order which expresses the relations
sub-class and super-class.
We use the relation Sub-Class-Of between the
classes to define their classification. C1 class is
sub-class of C2 class if any instance of C1 class
is an instance of C2 class. We follow a
development process from top to bottom. We
start with a definition of the general concepts of
domain and then continue by the specialization
of concepts. For example, we can start by
creating classes for the general concepts:
Consultation, Treatment, Childbirth, Abortion,
Disease, Medical-supervision, Pregnancy,
Health-structure and Person. For example,
figure 2 shows the hierarchy of Childbirth
concept.

TABLE 1: Table of Terms Glossary.
Description

Concept
Patient

Is a female person characterized by the age,
the cycle, the parity, etc.

Foetus

Is the phase of the prenatal development. He
begins from the third month of pregnancy.
He succeeds the embryo and ends in the
birth.

Caesarean

Is a surgical operation to extract a child from
the maternal womb by incision the uterine
wall.

…

…

b) Build the Concepts Hierarchy
The hierarchy of concepts classification shows
the organization of the ontology concepts in a

Figure 2. Hierarchy of Childbirth Concept.

c) Build the Binary Relations Diagram
We will build our diagram in two principal
steps; initially, we determine the organization
of concepts, then we will connect the concepts
by relations so necessary.
We represent the binary relations between
classes by a diagram in figure 3. In this diagram
the classes are represented by rectangles and
the relations by arrows (domain towards codomain) labelled by the name of the relation.
We enrich this diagram by adding dotted
arrows (sub-class towards class) to illustrate the
organization between concepts.
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Figure 3: Binary-Relations Diagram.

d) Build the Concepts Dictionary
The concept dictionary contains some of the
domain concepts, instances of such concepts,
class and instance attributes of the concepts,
relations whose source is the concept and,
optionally, concept synonyms and acronyms
(TABLE 2).

Concept

Synonym

acrony
m

Childbirth

Delivery

-

Embryo
Germ

-

Foetus

…

…

…

attribute

Date
Type

Age
Cranialperimeter
Cardiacactivity
…

instanc
e

relation

-

Produce
Assisted by

-

Require
Carried by

…

…

TABLE 2: Table of Concepts Dictionary.
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e) Build the Binary Relations Tables
The binary relations are represented in the form
of properties which attach a concept to another.
For each relation whose source is in the tree of
concepts classification, we define: its name, the
name of the source concept, the name of the
target concept, cardinality and the name of the
inverse relation if it exist (TABLE 3).

Examine

Assist

Realize

TABLE 5: Logical-Axioms Table.
Description

Concept

TABLE 3: Table of Binary-Relations.

Relation

its description in natural language, the name of
the concept to which the axiom refers, attributes
used in the axiom and the logical expression.
For example, TABLE 5 gives logic expression
of the concepts Doctor and Abortion
respectively.

A doctor works in a
health-structure,
examines
patients,
prescribes treatment and
detects diseases

Logic Expression
 (X).Doctor(X) ∩ Ǝ(Y),
Health-structure(Y)
∩TWork(X, Y) ∩ Ǝ(Z).
Patient(Z)
∩
Examine(X,

Source
Concept

Source
Cardinalit
y

Target
Concept

Target
Cardinalit
y

Inverse relation

Doctor

(1, N)

Patient

(1, N)

Examined by

Midwife

(1, N)

Childbirth

(1, N)

Assisted by

Abortion

Abortion is an
interruption of a
pregnancy

 (X).Abortion(X) ∩ Ǝ(Y),
pregnancy(Y) ∩ Interrupt(X, Y)

Doctor

(1, N)

Consultation

(1, N)

Realize by

…

…

…

…

…

…

Doctor

Z).Ǝ(W).∩Treatment(W)
∩ describe(X, W)

..
…

…

.

h) Build the Instances Table
f) Build the Attributes Tables
The attributes are properties which take it values
in the predefined types (String, Integer, Boolean,
Date…). For each attribute appearing in the
concepts dictionary, we specify: its name, type
and interval of its possible values and its
cardinality, like presented in TABLE 4.

Type

i) Build the Assertions Tables

Values
arrange

Cardinality

We will present a description of some ontology
instances, for that, we will specify the instances’
names and values of the attributes for each one
of them.

TABLE 4: Attributes-Table.

Attribute

In this table, we describe the instances, which
are identified in the concepts dictionary. For
each instance, it is necessary to specify the
instance name, the concept name to belong to it,
the attributes and their values.

Name-patient

String

-

(1,1)

5.3.2Formalization

Date-childbirth

Date

-

(1,1)

In this phase, we use the DL (Description
Logic) [20] formalism to formalize the
conceptual model that we obtained it at the
conceptualization phase.
DL forms a language family of knowledge
representation; it represents knowledge relating
to a specific area using "descriptions" which
can be concepts, relations and instances. The
relation of subsumption allows organizing

…

…

…

…

g) Build the Logical Axioms Table
We will define the ontology concepts by using
the logical expressions which are always true.
In the table below, we define for each axiom,
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concepts and
relations in
hierarchy;
classification and instantiation are the basic
operations of the reasoning on description
logic,
or
terminological
reasoning.
Classification permits to determine the position
of a concept and a relation in their respective
hierarchies.

We use the built-in query engine for simple
query searches and query plug-in to create more
sophisticated
searches.
We
also
use
visualization plug-ins to browse the application
ontology and ensure its consistency.

The DL consists of two parts: terminological
language TBOX in which we define concepts
and relations; and an assertion language ABOX
in which we introduce the instances.

The goal of the validation phase is to test and
validate the ontology, as well as its
environment and its documentation. The
problems of coherence, correctness and
completeness are then verified using the
RACER inference engine.

-TBOX construction: We define here concepts
and relations relating to our domain, by using
the constructors provided by description logic
to give structured descriptions at concepts and
relations; for example a childbirth is the birth of
a newborn child, it is assisted by a midwife and
it can be by vaginal way or by caesarean.
-ABOX construction: The assertion language is
dedicated to the description of facts, by
specifying the instances (with their classes) and
the relations between them.

5.3.4 Validation Test

Once the constructed ontology is validated, it is
ready to be invoked by users' requests using
nRQL formal language [21].
For example
Request in natural language:
Who is the doctor who examined the patient
Majri_Sonia?
Request in nRQL language :
<Doctor,
Examine, patient_Majri_Sonia>
( ?x|Doctor||patient_Majri_Sonia|| Examine|).

5.3.3 Implementation
The implementation deals with building a
computable model. The effort is concentrated
on the suitability of the OWL DL [20]. For
checking, we need to use the inference services
provided by many systems such as RACER
[21]. It can work well with large ontologies.
The use of the RACER system can make
possible to read OWL file and to convert it in
the form of a DL knowledge bases. It can also
provide inference services. We use that to
manipulate the application ontology and
PROTÉGÉ OWL [21] which offers a convivial
graphical
user
interface.
Additionally,
PROTEGE OWL provides facilities to impose
constraints to concepts and relations.
To evaluate correctness and completeness of
domain ontology, we use query and
visualization provided by PROTÉGÉ OWL.

RACER system treats the request and gives the
following answer:
((( ?x |Doctor_Abdelli_Riadh|))).
5.4 Ontology Enrichment
The ontology enrichment tries to find new
concepts and relations and the investment of
them in the ontology [18].
The arrival of a new corpus of text expresses
the need of enrichment to maintain our domain
ontology. The process of extraction is invoked
for text mining the domain specific corpus in
order to find concepts which are related to each
other. We evaluate and update the existing
ontology in the case were those concepts are
already defined in the ontology, or to enrich the
existing ontology in the case were those
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concepts are defined in a purpose of
maintenance [5].
The enrichment phase is divided into two main
tasks: the learning to look for new concepts and
relations and the investment of these concepts
and relations to keep consistency of the
ontology and protect its coherence. The phase
of enrichment is invoked at each evolution
need.

appearance).
Example:
D1: doctor (work for) Hospital.
D2: doctor (work in)
D3 service: doctor (work in) Laboratory
Doctor D1, 1. D2, 1. D3, 1. Frequency (3),
Works For D1, 2. D2, 2. D3, 2. Frequency (2).
Work in D1, 2. D2, 2, D3, 2. Frequency (1).
Doctor {Work For (2), Works With (1)}.

5.4.1 Retro-engineering Module
b) Check of the Elements Existence
The retro-engineering either the retroconception is the activity which consists in
studying an object to determine the internal
functioning or the method of design. The
objective aimed by the retro-engineering is to
understand the internal structure of the ontology
by using tools allowing the mapping from the
OWL code [21] to the hierarchy of the
ontology. The ontology structure permits to
check the existence of the new concepts and the
relations between them to locate them in the
ontology hierarchy. For this purpose, we focus
on the protégé editor to allow the reading and
the representation of the elements of ontology
as well as their properties and the Java API
insure the translation from the RDF language to
the Java language [21].
5.4.2 Ontology Enrichment
This step uses the results obtained by the other
modules to select the candidate concepts and
the relations between them, to check their
existence in order to be well placed in the
ontology hierarchy.
a) Concepts Selection
After the extraction task, we shall have for
result a set of significant, lemmatized and
labelled terms. The activity of selection
concerns the results of calculation of frequency
of the inverted index. The selected terms are the
most frequent (having the highest number of

To Check the existence of the concepts in the
ontology, we focus on the semantic similarity
between concepts and their properties.The
similarity measure serves to compare the
number of common properties with regard to
the total number of properties. We propose a
similarity model which computes the similarity
between ontology entities and extracted
elements combining various measurements
strategies. The first strategy computes the
similarity between concepts using the Jarowinkler distance [26]. The second strategy
focuses on the ratio model of Tversky [27]. It
takes into account the number of common
properties and the differences between both
concepts such as the coefficient of Jaccard. The
third strategy concentrates on the acquisition of
similarity based on Jiang and Conrath’s
taxonomy measure [32].
The Jaro-winkler distance is a variant of the
Jaro distance metric. Jaro distance is a measure
of similarity between two strings.
The Jaro metric equation for two strings s1 and
s2 is:
(6)
Where
-|s1| and |s2| are the string lengths
-c is the common characters in the two strings;
all the characters
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for which s1[i]= s2[j] and |i-j|≤½min{ |s1|, |s2|}.
-t is the number of transpositions; each non
matching character is a transposition.
The Jaro-winkler distance uses a prefix scale p
which gives more favorable ratings to strings
that match from the beginning for a set prefix
length l. given two strings s1 and s2, their Jarowinkler distance dw is:
(7)
Where:
-Dj is the Jaro distance for strings s1 and s2.
-l is the length of common prefix at the start of
the string up to a maximum of 4 characters,
-p is a constant scaling factor for how much the
score is adjusted upwards for having common
prefixes. P should not exceed 0.25, otherwise
the distance can become larger than 1. The
standard value for this constant in Winkler’s
work is p=0.1.
The gobal similarity is calculated using formula
five (5).
The result of the retro-engineering module with
Java API [28] can be used to compute similarity
between properties of the new concepts and
properties of the existing concepts in the
ontology hierarchy.
c) Investment of the Concepts in the
Ontology
This activity is semi-automatic, because it
requires the human intervention to make
selections, before the placement of the new
concept. For example for a concept X source,
the target concept Y is selected as well as the
relation linking them. The insertion of these
new terms is assured by the API Jena of Java
which allows locating the appropriate place for
each pair of candidate concepts in the ontology.
We can distinguish different cases:
 The extracted terms are instances of
concepts

 The target concept and the source one exists
in the ontology but the relation between
them does not exist
 Only one of the two concepts exists in the
ontology.
 The two concepts do not exist in the
ontology.
5.4.3 Consistency Evaluation
A test of validation is executed on the enriched
ontology, to make sure of its coherence and its
consistency. In this approach we exploit
postpone them tests supplied by the Racer
reasoner [21].
6. CONCLUSION
The goal of this research study is to extract
knowledge by mining corpus of text in medical
domain of gynaecology to build a new ontology
or to enrich the vocabulary of domain ontology.
This article deals with knowledge extraction
using a text-mining approach. More precisely,
we concentrate on the extraction and
construction process which includes four main
phases: the specification, the linguistic study
and knowledge extraction, the ontology
building and finally, the enrichment of the
developed ontology. The aim is to extract
relevant concepts from existing documents in a
medical domain, arrange them in subhierarchies, and detect relations among such
concepts.The concepts of the inverted index
and the similarity measure have been used to
best select new concepts and relations between
them concepts to place them in an ontology of
medical domain.
We use also tools of terminological extraction
such as: R.TeMiS, and TreeTagger for the
Morpho-syntactic labelling and Protégé OWL
for the implementation of the ontology.
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The proposed process is an end-to-end process.
It includes the necessary phases to extract, build
and maintain the domain ontology.
Some perspectives can be addressed for future
work. First, we need to concentrate on the
ontology enrichment with new concepts to be
more meaning and thus really reflects the
modelled domain. Second, we are planning to
develop an algorithm based on the semantic
similarity for the contextual filtering step in the
knowledge extraction phase. Third, we will
have to investigate the influence of existing
ontologies such as WordNet [24] to be
integrated as a core resource in the extraction
phase. Fourth, we check the consistency and the
coherence of the enriched ontology, with other
ontologies which are in related to the enriched
ontology (effects of propagation). Finally, we
want to integrate the developed ontology with
other ontology in the medical domain for
example the endocrinology domain to answer
value-added services
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ABSTRACT
Marketers act on social networking sites (SNSs)
in order to be more efficient in merchandising
their products and/or services. Even so, the scope
of the published studies regarding the assessment
of advertisements on social networking sites
(SNAs) is limited. Consequently, the present
study aimed to consider credibility and
interactivity, in addition to information,
entertainment and irritation values, as main
factors for consumers’ assessment of SNAs, as
perceived by SNSs’ users.
An analysis of empirical data helped to identify
four main factors for assessing SNAs. These were:
information value, entertainment value, credibility
value and interactivity value. Irritation value was
the only factor that had no significant effect on the
assessment of SNAs. Furthermore, based on the
beta
coefficients,
the
information
and
entertainment values of SNAs, in conjunction
with credibility and interactivity values, had
different outcomes from previous studies.
Consequently, the interactivity value was the
strongest among the four predictors for assessing
SNAs.
KEYWORDS
Advertisements’ value, Online Ads Value, Social
Networking Ads, Social Networking Sites.

1 INTRODUCTION
At the turn of this century, the use of
electronic marketing (e-marketing) led to a
revolution in business processes. It redefined
the notion of consumers. The most important
technology and business innovation that
enabled this revolution was the extension of
the Internet to the World Wide Web [1]. This
increased the potential of e-marketing,
creating additional value and enabling many

firms to achieve their marketing objectives by
using Internet media, websites (including
third-party websites) and e-mail as marketing
tools [2].
Recently, many firms who are under intense
competition use social networking sites
(SNSs) to advertise their new offers or to
communicate with their fans [3]. This action
creates a new form of social regulation
between companies and consumers, as the
SNSs offer an open market in which a large
numbers of buyers and sellers can participate
and interact [4]. Based on this, while
browsing SNSs, there are many firms that
seek to establish fans and followers, thereby
helping them to develop an open-conversation
platform with their consumers. This shows the
crucial role of SNSs as a marketing and
communication tool.
Simultaneously, the value of advertisements
is one of the basic determinants of brand
success [5]. It represents a core determinant in
purchasing decisions and behavior towards
advertisements (ads) [6]. According to this,
and due to the roles of SNSs in marketing,
researchers explored SNSs as marketing and
advertising media [7], [8], [9], [10]. They
considered mass customization, global access
and proliferation as the main advantages of
using SNSs as advertising platforms. For
example, in the first quarter of 2015,
Facebook had approximately 1.415 billion
monthly active users around the world [11].
In addition, it had approximately 51,063
brands. Some of these brands had millions of
fans, such as Coca-Cola, which had more than
89 million, and McDonald’s, which had more
than 56 million [12].
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However, there is limited scope of published
studies that assess SNAs. There are a small
number of studies that have directly
contributed to the assessment of SNAs [13],
[14], [15]. Such studies use three main factors
as predictors: information value, irritation
value and entertainment value. Of these,
information value was the most effective
predictor for assessing SNAs.

act as affective factors by attracting and
persuading consumers. Finally, they act as
behavioral factors by moving consumers
towards deciding to purchase [21]. This
approach highlights the importance of ONAs
as factors that predict consumers’ purchasing
intentions and enable a deeper and more
current understanding of how online
consumers perceive ONAs. .

Furthermore, credibility and interactivity
values have been identified as factors that
predict consumers’ attitude towards online
advertisements (ONAs) [16], [17], [18], [19],
[20].

[6] is one of the first bodies of research that
contributed to the assessment of OAV. In this
study, the researcher focused on the effects of
online consumers’ perceived value of ONAs.
According to [6], the distinction between
OAV and attitudes towards ONAs gave
validity to consumers’ responses by
measuring the contribution of entertainment
value, information value and irritation value.
The results of this study were validated by
[16]. Here, the results were extended to
include
credibility
and
consumer
demographics for assessing OAV. Two years
later, interactivity and consumers’ motives
were identified as additional dimensions that
contribute to the attitudes towards ONAs [22].

Based on the limited previous published
studies, this paper aimed to extend the
existing literature on SNAs by introducing
interactivity and credibility as additional
predictors for its assessment (in addition to
the previously measured dimensions information value, entertainment value and
irritation value). Conditionally, the present
study answered two main questions:
RQ1: What are the main factors for assessing
SNAs, as perceived by SNSs’ users?
RQ2: How do the factors of SNAs, in
conjunction with each other, predict
consumers’ assessment of SNAs?
This paper is structured as follows: after the
introduction, we present a literature review
and thereafter, we discuss the theoretical
concepts that led to the research hypotheses.
This is followed by a methodology section,
which contains descriptions of the research
sample, variables and the dimensionality and
reliability tests. Finally, after discussing the
empirical findings, we examine the theoretical
and empirical implications of this study.
2 LITERATURE REVIEW
2.1 Online Ads Value (OAV)
ONAs have a crucial effect on consumers’
purchasing behavior. In agreement with the
hierarchy-of-effects approach, ONAs function
as cognitive factors in making the consumer
aware of a specific product/service. They then

2.2 The Assessment of SNAs
[13] attempted to compare the assessment of
ads on SNSs and TV. The researchers of this
study used the previous model [6], with its
three main predictors: irritation value,
entertainment value and information value.
According to this study, information and
entertainment values of SNAs played crucial
roles in assessing SNAs, while the irritation
value had no significant effect. Furthermore,
[14] used the same model to assess SNAs, as
perceived by Indian students. The results of
this study confirmed that information and
entertainment
values
were
positively
correlated to the value of SNAs, yet the
irritation value had a negative effect on the
consumers’ assessment of SNAs.
Further studies have contributed to the value
of SNAs (SNAV) in assessing consumers’
attitudes towards them. [23] introduced
credibility to information value, entertainment
value and irritation value as the main
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predictors for assessing consumers’ attitudes
towards SNAs. In this study, the values of
information, entertainment, irritation and
credibility were the main predictors for the
consumers’ attitudes towards SNAs, as
perceived by South African university
students.
In another study, while exploring the factors
that predict consumers’ attitudes towards
SNAs, [24] indicated that the values of
entertainment and information of SNAs
predicted consumers’ perception of the value
of SNAs, from the perspectives of
postgraduate management students in the
USA.
Finally, while investigating Pakistani
consumers’ attitudes towards SNAs, [25]
confirmed that information and entertainment
values had a significant effect on assessing
SNAs. However, [13] observed from their
analysis that the model of [6] does not
provide a good fit for the assessment of
SNAs. Nevertheless, most of the identified
research used the same model of [6] for
assessing SNAs.
Accordingly, this study aimed to extend the
credibility and the interactivity of SNAs as
predicting variables, in addition to the values
of information, entertainment and irritation,
while determining consumers’ assessment of
SNAs.
3 THEORY AND HYPOTHESES
In keeping with the identified literature, the
topic for the assessment of SNAs was
investigated, based on three main dimensions:
the information value, irritation value and
entertainment
value.
Other
research
investigated the values of credibility and
interactivity as factors for assessing attitudes
towards ONAs. Based on this, the conceptual
framework of this study was structured as
illustrated in Figure (1), which is developed
and discussed below.

Figure 1. The conceptual framework for the
consumers’ assessment of SNAs

3.1 Information Value of SNAs
E-commerce delivers primary information
advantages for online consumers. It also
enables them to seek information they desire
and ignore those that they do not need [26].
Further developments in e-commerce are
significantly affecting the informationseeking behavior of online consumers [27].
This proves the importance of the information
value of ads as one of the driving factors for
the assessment of OAV in general.
The information value of ONAs represents
the ability to effectively provide relevant
information in the advertising context, as
perceived by online consumers [28]. With this
regard, while they were assessing OAV,
researchers revealed the importance of the
information value by ascertaining consumers’
perceptions for the information value [6],
[16], [22], [29], [30].
Likewise, the information value of SNAs has
been identified as being positively correlated
with consumers’ assessment of SNAs [14],
[23], [24], [25]. In the present study, to
identify how the information value can
predict consumers’ assessment of SNAs, the
information value of SNAs was tested, in
conjunction with the values of credibility and
interactivity, using the following hypothesis:
H01: Information value has a positive effect on
the assessment of SNAs, as perceived by
SNS’s users.
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3.2 Entertainment Value of SNAs
The entertainment value of ONAs represents
a degree of pleasure and involvement during
the interaction with a specific advertisement
[31]. Advertisers believe that the value of
entertainment on ONAs increases the
effectiveness of an advertisement’s message
and generates a positive attitude towards the
brand [13], [32], [33]. Additionally,
entertainment-oriented ads aim to keep
consumers occupied in a way that is designed
to encourage repeat visits [34].
Generally, OAV depends on the level of
entertainment of the ONAs [6]. This is
particularly noticeable with SNAs, where the
entertainment value has been identified as an
important factor in their assessment, as well
as in the attitudes towards them [13], [14],
[35]. Furthermore, SNSs’ users seek
enjoyment, relaxation and to pass time. This
relates to the nature of SNSs as entertaining
activity sites [24]. Based on these facts, in this
study, the effect of the entertainment value on
consumers’ assessment of SNAs, in
conjunction with credibility and interactivity
values, was tested using the following
hypothesis:
H02: Entertainment value has a positive effect
on the assessment of SNAs, as perceived by
SNS’s users.
3.3 Irritation Value of SNAs
With regard to ONAs, consumers’ irritation
value emerges when online consumers
experience discomfort while watching an
advertisement [14] or when they seem to be
less likely to be persuaded by it. The
consumers’ feelings of irritation play a crucial
role in their assessment of the ONAs [36].
This was one of the primary dimensions that
had a negative effect on OAV, as perceived
by online users [6]. The irritation value of
ONAs includes descriptions such as
confusing, annoying, irritating and deceptive
[13]. Moreover, with regard to SNAs, it
contributes to a loss of privacy [24].

In some research, the irritation value of SNAs
has an insignificant effect on the assessment
of SNAs [13], [37]. Other researchers have
identified that the irritation value had a high
negative
correlation
to
consumers’
perceptions of SNAV [14]. Based on this, it
was important to include irritation as one of
the main dimensions of assessing SNAs in the
present study. The following hypothesis was
used to identify the effect of the irritation
value on the assessment of SNAs, in
conjunction with the credibility and
interactivity, as perceived by SNS’s users:
H03: Irritation value has a negative effect on
the assessment of SNAs, as perceived by
SNS’s users.
3.4 Credibility Value of SNAs
Credibility towards ads represents the degree
to which consumers perceive claims that are
made about a brand in a specific
advertisement to be truthful and believable
[17]. According to cyber psychology studies,
credibility is an essential dimension in the
assessment of consumers’ responses towards
a specific online brand community [38], [39].
According to [16], credibility directly
correlates to consumers’ assessment of OAV.
Based on this, many researchers have
considered advertisement credibility to be a
principal factor in assessing consumers’
perceptions of OAV and their attitudes
towards ONAs [17], [18], [20], [30].
The credibility value had no effect on
consumers’ assessment of Facebook ads, as
perceived by Malaysian university students
[15]. However, other researchers identified
that credibility had a strong effect on
consumers’ assessment of ONAs [30], [37].
In keeping with these findings, in the present
study, the credibility value of SNAs was
considered as one of the main dimensions in
the assessment of SNAs by testing the
following hypothesis:
H04: Credibility value has a positive effect on
the assessment of SNAs, as perceived by
SNS’s users.
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3.5 Interactivity Value of SNAs
From various perspectives, researchers have
defined interactivity as the extent to which
users can participate in modifying the
messages they receive via ads [40] or as a
means for individuals to effectively
communicate with each other [41]. It shifts
the ways in which online users perceive
ONAs [42] and increases the opportunities to
use SNSs to generate viral marketing [43]. In
addition, the capacity of SNSs to manifest a
new form of social regulation in the
relationship between firms and consumers
forms an open market in which a large
number of buyers and sellers participate and
interact [4]. This highlights the crucial role of
the value of interactivity in the assessment of
SNAs.
According to [16], the interactivity of ONAs
predicted the consumers’ assessment of OAV.
This was confirmed by [15], in which the
authors identified the interactivity value as a
factor that can predict consumers’ attitudes
towards SNAs. Based on these facts, the
interactivity value of SNAs was considered in
this research to be one of the main factors for
the assessment of SNAs by testing the
following hypothesis:
H05: Interactivity value has a positive effect
on the assessment of SNAs, as perceived by
SNS’s users.
4 RESEARCH METHODS
In keeping with the purpose of this study, a
quantitative approach was regarded as being
the most appropriate one. It was guided by the
functional or positivist paradigm [44]. To
achieve validity of the collected data, the
questionnaire was constructed based on the
conceptual framework of the assessment of
SNAs, as perceived by Facebook users, to
measure what was supposed to be tested as
recommended by [45].

Innovation and Entrepreneurship Department
of Halmstad University, to solicit their
feedback. Based on their feedback, the
questionnaire was refined. According to [46],
pilot testing should take place before using a
questionnaire to collect data. In this case, this
enabled the researcher to refine the
questionnaire so that respondents had no
difficulties answering the questions. This
enabled the researchers to assess the
questions’ validity and the reliability of the
collected data.
The data were collected by distributing the
questionnaire to relevant Facebook users at
Halmstad University. Although this sample
was not representative of the Swedish
consumer, students at a Swedish university
were chosen as the research sample for two
main reasons. It was the first time that young
Swedish consumers’ perceptions of SNAs had
been researched - previous studies considered
university students in the US, Pakistan and
South Africa as the research samples.
Furthermore, university students represent the
most active users of SNSs: 72% of young
adults between the ages of 18 and 29 years
who are online use SNSs, making them the
most frequent users [13].
The questionnaires were distributed using
three different sampling techniques, as shown
in Table (1). The main targets for the research
were university students who had been using
Facebook for at least two years. Of the 214
questionnaires that were collected, 13 were
ignored. This was either because the
respondents did not have Facebook accounts
or they did not complete the questionnaire.
The following table represents the completed
surveys that were collected and classified,
according to the used sampling techniques.

Moreover, the present authors carried out a
pilot study by distributing the questionnaire to
10 different students of master level at the
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Table 1. Collected surveys classified according to the
used sampling techniques
Sampling
Technique
Convenience

Self-selection

Description
Face-to-Face
distribution
Surveymonkey.com

Through friends and
colleagues
Total Completed Surveys collected
Snowball

Distribution
Channel
Halmstad
University

Collected
Surveys
129

Facebook
E-mail
invitation
Web-link

33
8

Halmstad
University

17

14

201

4.1 Measures
The respondents provided answers regarding
their perceptions of the variables for the
assessment of SNAs, according to a 5-point
Likert scale, as follows: Strongly Disagree =
1, Disagree = 2, Neutral = 3, Agree = 4 and
Strongly Agree = 5. The sources of the items
of the six main dimensions of the conceptual
framework of the study were based on their
utility in previous research, as follows:

 Information value of SNSAs: items were
borrowed and modified from the scales
that were developed by [13], [24].
 Entertainment value: items were borrowed
and modified from the scales that were
developed by [13], [24], [31].
 Irritation value: items were borrowed and
modified from the scales that were
developed by [13], [24].
 Credibility value: items were borrowed and
modified from the scales that were
developed by [15], [19], [22].
 Interactivity value: items were borrowed
and modified from the scales that were
developed by [22].
 SNSAV: items were borrowed and
modified from the scales that were
developed by [13].

Table 2. Dimensionality Test, Reliability Test and Descriptive Statistics
Rotated Component Matrix
VAL
VAL01- Is Useful
VAL02- Is Valuable

INF

ENT

IRR

CRE

0.687
0.681

INF01- Offers valuable information
INF02- Offers timely information
INF03- Offers updated information

0.601
0.804
0.839

ENT01- Entertains me
ENT02- Is enjoyable for me
ENT03- Excites me
ENT04- Pleases me

0.771
0.824
0.873
0.700

CRE01- Is trustworthy
CRE02- Is credible
CRE03- Is believable

0.875
0.805
0.866

INT01- Has a cognitive value
INT02- Facilitates two-way communication
INT03- Offers a vivid communication experience

0.633
0.689
0.733

IRR01- Deceives me
IRR02- Confuses me
IRR03- Irritates me
IRR04- Annoys me

α – Chronbach’s Alpha
Average of customers’ assessments of the
dimensions

Means

0.800
0.833
0.763
0.780

0.83
2.39

0.82
3.05

0.84
2.30

0.83
3.15

0.90
2.42

SD

INT
2.368
2.418

0.902
0.886

2.791
3.055
3.299

0.978
0.960
1.054

2.478
2.413
2.164
2.134

1.063
1.031
0.926
0.870

2.353
2.408
2.481

0.900
0.907
0.939

2.388
2.682
2.667

0.878
1.095
0.971

3.055
2.901
3.368
3.264

0.991
1.010
1.129
1.151

0.81
2.58
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5 DATA ANALYSIS
5.1

Regression Analysis

The five identified predictors were used in a
multiple regression analysis to identify the
factors behind the consumers’ assessment of
SNAs. In addition, the multiple correlation
coefficients
(R),
coefficients
of
2
determinations (R ) and F-ration were
examined to predict the goodness-of-fit for
the following regression model:
Ya = β0 + β1X1+ β2X2+ β3X3+ β4X4+ β5X5 (1)

where Ya was the consumers’ assessment of
SNAs, β0 the constant value, X1 the
information value, X2 the entertainment value,
X3 the interactivity value, X4 the credibility
value, X5 the irritation value and β1…….. β5
= the regression coefficients of factors 1-5.
Based on the regression analysis of testing the
five main dimensions of assessing SNAs, the
model without the irritation value provided
the best regression model for the assessment
of SNAs. The coefficients of determination
(R2) of the four independent variables on the
consumers’ assessment of SNAs was 0.481 at
significant change p < 0.001, suggesting that
approximately 48.1% of the variations in the
respondents assessments on SNAs could be
explained by the four extracted factors
(information value, entertainment value,
credibility value and interactivity value), as
shown in Table (3). Meanwhile, the fifth
model with irritation value was not significant
as it had a high probability distributions
value, p = 0.527 (high probability of error).
The value of F-ratio was 623.538 (significant
= 0.000), which means that the results of the
regression model by the four independent
variables were not occurred by chance.
According to this result, the coefficients of
the four-dimension model were tested to
identify the effect of these predictors on the
consumers’ assessment of SNAs, as shown in
Table (3).

Table 3. Results of the regression analysis of
consumers’ assessment of SNAs based on the
perceived factors
Goodness of fit

R

Multiple R
R square
Adjusted R2
Standard error
F value
Significant F

0.693a
0.481
0.470
0.6011
623.54
0.000

Coefficients
Constant
Entertainment
Credibility
Interactivity
Information value

Beta

Sig.

0.277
0.261
0.146
0.313
0.139

0.000
0.018
0.000
0.038

Collinearity
Statistics
TOL
VIF

0.577
0.708
0.510
0.598

1.732
1.412
1.962
1.672

a. Predictors: (Constant), Irritation, Credibility,
Interactivity, Entertainment, Information value.
b. Dependent Variable: SNAV

From the standard coefficients beta in Table
(3), the four variables, after deleting the
irritation value of SNAs, had positive
significant coefficients with SNAs. The most
coefficient predictor was the interactivity
value, as its beta value was 0.313. At the
second level, it was the entertainment value,
with a beta value of 0.261. At the third level,
it was the credibility value at 0.146 and
finally, the information value, which was
0.139.
Moreover, the tolerance statistics of the
predictors ranged between 0.510 and 0.708.
According to [47], the tolerance statistics
should be more than 0.2 to avoid high multicollinearity. In addition, the variance inflation
factor (VIF) of the predictors ranged between
1.412 and 1.962. To avoid any collinearity
problems, this should be less than 10 [48].
Based on model four, the line regression of
the research model for assessing the SNAs is
in best fit, when x=0 at constant level 0.277
and to have the following construct equation
(2):
SNAs = 0.277 + 0.133 INF + 0.251 ENT +
0.141 CRE + 0.309 INT
(2)
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5.2 Hypotheses Text
According to the standardized coefficient
from Table (3), the information value of
SNAs, as perceived by the respondents, had
the lowest beta coefficient on the consumers’
assessment of SNAs. The beta coefficient of
information value was 0.139 at a significant
change p < 0.05. This suggests that
approximately 13.9% of the variations on
SNAs were counted by variations of the
information value of SNAs. However, this
significant coefficient result could reject the
null hypothesis, H0: Information value does
not affect the assessment of SNAs, as
perceived by SNS’s users. This supports the
first hypothesis:
H01: Information value has a positive effect on
consumers’ assessment of SNAs, as perceived
by SNS’s users. (Supported).
The entertainment value, as shown in Table
(3), had the second highest positive
coefficient on the assessment of SNAs. The
beta coefficient of the entertainment value
was 0.261 at a significant change p < 0.001,
which suggests that approximately 26.1% of
the variations on SNAs were counted by
variations of the entertainment value. This
result rejects the null hypothesis, H0:
Entertainment value does not affect the
assessment of SNAs, as perceived by SNS’s
users. This result could support the second
hypothesis:
H02: Entertainment value has a positive effect
on the assessment of SNAs, as perceived by
SNS’s users. (Supported).
From the stepwise regression analysis, the
irritation value, in conjunction with the
information value, as well as the
entertainment, interactivity and credibility
values, was not significant to the consumers’
assessment of SNAs. This was because the
model with irritation had a significant change
0.001, with a high probability error (p =

0.527). This result might lead to a rejection of
the third hypothesis:
H03: Irritation value has a negative effect on
the assessment of SNAs, as perceived by
SNS’s users. (Rejected).
From Table (3), the credibility value had a
beta coefficient of 0.146 on the consumers’
assessment of SNAs at a significant change p
< 0.02. This result suggests that
approximately 14.6% of the variations on
SNAs were counted by variations on
credibility value. This result might reject the
null hypothesis, H0: Credibility value does not
affect the consumers’ assessment of SNAs.
This could support the fourth hypothesis:
H04: Credibility value has a positive effect on
the consumers’ assessment of SNAs, as
perceived by SNS’s users. (Supported).
Finally, the beta value of the interactivity
value had the highest coefficient on the
consumers’ assessment of SNAs. The
interactivity value had a Beta coefficient
0.313 on assessing SNAs. This result suggests
that approximately 31.3% of the variations on
the assessment of SNAs were counted by the
variations on the interactivity value. This
result might reject the null hypothesis, H0: The
interactivity does not affect the consumers’
assessment of SNAs, as perceived by SNS’s
users. This result could support the fifth
hypothesis:
H05: Interactivity value has a positive effect
on the consumers’ assessment of SNAs,
as perceived by SNS’s users.
(Supported).
6 DISCUSSION AND REFLECTION
To develop knowledge and gain a better
understanding of the dimensions that impact
consumers’ assessment of SNAs, in this
study, the credibility value and interactivity
value of SNAs were introduced as additional
variables to those that were previously tested
[13], [14], [15]. This helped to create a new
model with four main dimensions that
predicted the consumers’ assessment of
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SNAs: information value, entertainment
value, credibility value and interactivity
value. Moreover, based on the stepwise
regression analysis, the irritation value of
SNAs had no significant effect on the
consumer assessment of SNAs. However, the
following discussion reflected the main
findings of this paper.
In this study, the first predicted dimension
was the information value of SNAs. The
indicators that were used to measure the
information value had an average mean of
3.05 from the five-scale score. After irritation,
this result was the second-highest mean.
However, according to the effective size
criteria [49], the information value of SNAs
in this study had a medium effect.
Furthermore, the lowest coefficient on the
assessment of SNAs as its beta coefficient
was 0.139. In previous studies, the
information value had the highest coefficient
for assessing SNAs [13], [14].
The second predicted dimension was the
entertainment value of SNAs. The indicators
that were used to measure the entertainment
value had an average mean of 2.3 from the
five-scale score, which was less than the
middle score. This shows that the respondents
perceived it as a low factor that needs more
progress to develop. This result can confirm
that SNAs can entertain and bring enjoyment
to users of SNSs, but not to please and dazzle
them, as indicated by [13], [30]. However,
according to the effective size criteria [49],
the entertainment value in this study had a
strong effect on the assessment SNAs as its
coefficient was 0.261. Its coefficient had the
second highest effect on assessing SNAs, as
perceived by the respondents.
The third predicted dimension was the
irritation value of SNSAs. In this study, the
irritation value of SNAs had the highest mean
of 3.15 among other predictors. This was
confirmed by a paired t-test, as the irritation
value had a p value of 000 when compared to
the other four variables. In previous studies,
the irritation value had the highest mean
among
the
information
value
and

entertainment values. Furthermore, [13]
argued that this situation occurred when the
consumers seemed less likely to be persuaded
by the ONAs. This feeling of irritation might
be the reason behind the lower value of other
categories of SNAs variables, as perceived by
the respondents. However, in this study, the
irritation value had no significant coefficient
effect on the consumers’ assessment of SNAs.
This result might confirm the result of [13], as
we identified that irritation had no significant
coefficient with consumers’ assessment of
SNAs. This result contradicted [14], as the
irritation value in that study was the highest
negative predictor on the consumers’
assessment of SNAs.
The fourth predicted dimension was the
credibility value. According to the collected
data, the credibility value had an average
mean of 2.42 from the five points. This might
prove that the research sample of this study
might have less experience with SNAs.
According to [20], credibility is positively
related to Internet users’ experience, as well
as their ability to collect information and to
interact with the ONAs. In this study, the
credibility value of SNAs had a moderately
significant effect on the assessment of SNAs
with a coefficient of 0.146, which was higher
than the coefficient of information value. This
result supports the fourth hypothesis and
introduces the credibility value as a crucial
variable in the assessment of SNAs. This
contrasts what was identified by [16] - that
credibility does not predict the consumers’
assessment of SNAs.
In this study, the final predicted dimension
was the interactivity value. From Table (2),
the average mean of the interactivity
indicators was 2.58, which shows that the
respondents were more counted to interact
with SNAs than to use it as a source of
entertainment. This result was also confirmed
by the paired t-test between the interactivity
and the entertainment values, as p value =
0.000. According to Table (3), the
interactivity value had the highest significant
effect on the consumers’ assessment of SNAs,
with a coefficient beta 0.313. This result
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supports the fifth hypothesis and presents
interactivity as an important dimension for
assessing SNAs.
7 CONCLUSION

However, the findings of this study could not
support the third hypothesis:
H03: Irritation value has a strong negative
effect on the assessment of SNAs, as
perceived by SNS’s users. (Rejected).
Finally, according to the hypotheses paired ttest of the empirical findings, based on the
average means of the five predictors, the
research sample of Swedish university
students can be characterized as follows:

Figure 2. Factors of Assessing SNAs (average means
and coefficients)

An analysis of the empirical data of this study
helped to identify four main dimensions for
assessing SNAs. These dimensions had
positive effects on the consumers’ assessment
of SNAs. According to the strengths of their
beta coefficient, these four dimensions are
arranged in descending order, as follows:
interactivity value (0.313), entertainment
value (0.261), credibility value (0.146) and
information value (0.139), as shown in Figure
(2). According to the regression analysis,
together, these four variables had the best R2
(0.481) at a significant change = 0.000.
Nearly 48.1% of the variations in SNAs were
explained by this model.
As summarized in Figure (2), the findings of
this study support the following hypotheses:
H01: Information value has a positive effect
on the assessment of SNAs, as
perceived by SNS’s users.
H02: Entertainment value has a positive effect
on the assessment of SNAs, as
perceived by SNS’s users.
H04: Credibility value has a positive effect on
the assessment of SNAs, as perceived
by SNS’s users.
H05: Interactivity value has a positive effect
on the assessment of SNAs, as
perceived by SNS’s users.

 The Swedish university students were
more irritated by SNAs as they find such
ads less credible.
 The Swedish university students were
more
information-oriented
than
interaction-orientated, and used SNAs less
as an entertainment factor.
8 IMPLICATIONS AND FUTURE
RESEARCH
8.1 Theoretical Implications
The findings of this study support some of the
findings from previous research on the
assessment of SNAs. However, some of the
previous findings are not supported. This
study supports the findings of [13] - that
irritation value has no significant effect on
assessing SNAs. Conversely, it does not
support the view of [14], which argued that
the irritation value of SNAs have a significant
negative effect on consumers’ assessment of
SNAs.
With regard to the information value of
SNAs, the previous studies [13], [14] found
that it had the highest positive effect on
assessing SNAs. However, the result of this
study does not support such a finding, as the
information value had the lowest positive
coefficient, in conjunction with the credibility
and the interactivity values. Moreover, the
results of this study do not support the finding
that the credibility value of SNAs, as
perceived by the university students, does not
affect the consumers’ assessment of SNAs, as
identified by [15].

120

International Journal of Digital Information and Wireless Communications (IJDIWC) 5(2): 111-123
The Society of Digital Information and Wireless Communications, 2015 ISSN 2225-658X (Online); ISSN 2412-6551 (Print)

Finally, this study succeeds in introducing
ads’ credibility and interactivity as crucial
variables for the assessment of SNAs. It
offers a new construct model for assessing
SNAs, based on four main dimensions:
information value, entertainment value,
credibility value and entertainment value.
Even in conjunction with credibility and
interactivity, this study confirms the finding
of [13] - that the irritation value of SNAs does
not predict consumers’ assessment of SNAs,
as perceived by SNS’s users.

change in the consumers’ assessment of
SNAs.

8.2 Practical Implications

As identified by [50], the credibility value of
ONAs was positively correlated to the
Internet users’ experience and their ability to
collect information and interact with ads.
Accordingly, more research is needed to
identify how to improve the trustworthiness
of SNAs and how to increase consumers’
interactions with SNAs.

The research findings provide important
evidence for online advertisers on SNS. Based
on the research sample of Swedish university
students, the findings of this study have to be
considered when promoting or seeking to
interact with this market segment. The online
advertisers have to consider the fact that this
market segment is more information-oriented
than used for interaction and entertainment. In
addition, this market segment is highly
irritated by SNAs as they feel that SNAs are
less credible.
The advertisers on SNSs need to identify the
reasons behind the negative perceptions of the
credibility value of SNAs. They also need to
investigate
how
to
increase
the
trustworthiness of SNAs and decrease their
irritation value. At the same time, SNSs’
systems need to have more effective
procedures to control fake ads to encourage
SNSs’ users to interact more effectively with
the SNAs.
8.3 Future Research
The results of this study and those of previous
studies [13], [14], [15] have some differences.
Although they all assessed the perceptions of
university students, the differences in their
culture and experiences may have affected
their results. Accordingly, more studies need
to be conducted with participants from
different cultural backgrounds and market
segments from time to time to capture any

Additional studies may be geared towards
confirming the correlations between the
identified dimensions of this study and the
attitudes towards SNAs. Moreover, as most of
the identified studies regarding consumers’
assessment of SNAs utilized quantitative
approaches, qualitative studies may be needed
to gain a deeper understanding of how SNSs’
users interact with SNAs.
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ABSTRACT
When

the

search

1 INTRODUCTION
space

for

optimisation

or

classification problems gets large heuristics and soft

A data set, with one decision attribute, consists

computing are often used to find the needed

of a finite number of condition attributes

parameters. The Choquet integral methods needs one

(variables) X  x1 , x2 , , , , xn  and a condition

parameter for each subset of the condition attributes
because these sets form a lattice on which the fuzzy

attribute y that can have a number of values. A

measure needed for integration is defined. In this

record is one observation of all the attributes.

paper the frequency of how many data from each

The value of an attribute xi over all records is

class pass through each set in the lattice provides

considered to be a function of xi and it is

information that is then used to construct the fuzzy
measure. Several heuristics based on this idea are
tested upon the well-known Wisconsin breast cancer
data set. The heuristics prove to be as successful, or
more so, than a range of other methods quoted in the

customary to write f j ,i  f j xi  as the j th
observation of the i th attribute, [1]. The
classification occurs when information from

literature when 10-fold cross validation is performed.

existing records is used to predict the value of

In order for the Choquet to separate classes after

the decision attribute for a new record when only

integration a boundary value has to be calculated.

its condition attributes are known.

Remarkably, it is found that switching the way to

With

view success from number of records correctly

algorithms such as genetic algorithms (GA) are

classified to the distance of the wrongly classified

often used. The idea of genetic algorithms was

record from the boundary leads to a hill climbing

invented by Holland [2] Looking at nature

approach that can reclassify the data with a 100%
success rate.

variables

to

explore,

search

Holland considered Darwin's theory of natural
selection, i.e. that the fittest members of the

Keywords: Data mining, Optimisation, Genetic
Algorithm,

many

GA,

Choquet

Integral,

Heuristics,

Classification, Fuzzy measure, Wisconsin Breast

species survived to breed more often and thus
produced more offspring. As offspring inherit
their characteristics from their parents, fit

Cancer, Hill Climbing, Big Data, Steady State GA,

members of a population would have a better

Real-Valued GA.

chance of passing their characteristics on to the
next generation than unfit members. Over
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generations the species would evolve as the

The

Choquet

integral

average fitness of its members rises. It is also

classification

possible that some random change might appear

coefficient, called a measure be allocated to

in a member of the next generation. If this

every subset of X the condition attributes. In

random change is of benefit then that individual

this paper heuristics are developed to find a good

will be successful and the random change will be

set of coefficients. Genetic algorithms are a

passed on to yet another generation.

common tool for finding the large number of

Heuristics are often used to direct the search in a

coefficients needed to find the measures needed

possibly useful direction that may achieve a

for Choquet classification [1], [9]. It is

result of high fitness by the GA [3, 4]. A

anticipated that fresh ideas on heuristics will

heuristic can be considered as some simple and

help future authors with GA and other searches.

fast technique which, although may not find the

The data used in this experiment is the well-

optimum will often find a good place to start.

known Wisconsin Breast Cancer data set [10].

One or more of the members of the population

Results reported in this paper are comparable to

are heuristically enhanced before the search

others reported for the same data set in the

begins. Blind heuristics, for example bit-flipping

literature.

[5, 6] can be useful but use no information

Sections to follow are: §2 Describes the discrete

gathered from the data. In Adams [7] Chapter 6

Choquet integral, §3 Provides an illustrative

heuristics based on the autocorrelation and on

example of how the integral may have use in a

the discrete Fourier transform were developed.

common

They were used to optimise the number of

performance. Also

coefficients of multiple-valued polynomials.

comparison with results obtained by using a

Results were shown to be significantly better

simple weighted average method. §4 The

than running the genetic algorithm without

Wisconsin breast cancer data set is described and

heuristics.

how the Choquet integral is calculated on this

Heuristics methods can be a successful technique

data set is demonstrated, §5 Rationale behind the

in their own right. In [8] a novel heuristic

heuristics developed are discussed, §6 Heuristics

(activity of the variables) was used to partition a

Developed

decision table into sub-tables and generate a

results obtained by the heuristics described in

simpler set of rules than the original. The

this paper are compared to other reports in the

proposed activity heuristic is shown to produce

literature, §8 Describes a hill climbing technique

better results than a previously-published rough

that examines small increments of the measure,

set analysis of the same data; and shows

and how a new way to optimise, by minimising

comparable results to the well-known ID3

the distance of all the wrong classifications to the

information theoretic approach.

cut-off point helps make this successful, §9

method.

situation

is
It

a

well-known

requires

that

a

of

assessing

employee

the

example

makes a

are described in detail, §7 The
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describes the use of a genetic algorithm for the

{x1 , x3}  0.5

four line segment method (that method is first

{x1 , x2 , x3 }  1 .

,

{x2 , x3}  0.6

,

described describes in section 6.5), finally §10
Concludes the paper.

2

DISCRIPTION OF

THE DISCRETE

CHOQUET INTEGRAL

The Choquet integral was proposed by Choquet
[11] to study capacities in the field of economics.
The discrete Choquet integral is used as an
aggregation technique and has been developed

Figure 1 Lattice of Subsets

by many authors for classification purposes,

Now suppose that a record has the following

including [12] and [13]. The integral takes the

values f x1   4 , f x2   8 , f x3   2 . Firstly

form:

C  f

the variables are re-arranged in ascending order
n

     

d   f xi*  f xi*1   xi* , xi*1 ,...xn*
i 1



(1)
Where the variables xi* are a permutation of the

of size of their values, x3 , x1 , x2 . Then starting
from the top at the universal set X , a path is
made through the lattice. At each step the
variable with the next lowest value drops out.
{x1 , x2 , x3 } → {x1 , x2 } → {x2 } → {} . The

xi into ascending order of their value. Here  is a

measure for each subset in the path is multiplied

measure or weighting associated with each

by the difference between the lowest value of the

subset.

variables in the subset and the value of the

A three variable example of how the integral is

variable that has just dropped out. Then all the

calculated

products are added up. The calculations are:

will

now

be

given.

Suppose

X  x1 , x2 , x3 , then there is a lattice of subsets

2  0 1  4  2  0.4  8  4  0.1  3.2 .

[see Figure 1]. For three variables there are eight

Aggregation is a way to replace all the numbers

subsets in the lattice. The lattice is partially

x1 , x2 , , , xn by just one number (a sort of

ordered by inclusion. A weighting  called a

averaging). Then if the aggregated figure falls

measure is allocated to each subset. In this

below a certain cut-off the record is classified in

example the weights are as follows:

one way and if above it is classified in another.

{}  0 ,
{x3}  0.2

{x1}  0.4 , {x2 }  0.1 ,
,

{x1 , x2 }  0.4

The use of a simple weighted average takes into
account the contribution each condition attribute
makes to the information available to estimate
126

International Journal of Digital Information and Wireless Communications (IJDIWC) 5(2): 124-140
The Society of Digital Information and Wireless Communications, 2015 ISSN 2225-658X (Online); ISSN 2412-6551 (Print)

the decision attribute. However, the Choquet
Integral also aims to take account of the
interaction between variables, and has many
applications such as for optimisation [1], to shift
work [14], for multiple regression [15], and for
decision rules [16].

3 AN ILLUSTRATIVE EXAMPLE OF
MEASURES

AND

THE

CHOQUET

INTEGRAL

Figure 2 Measures Assessment of Employees

This example will explain the difference between
a lattice bases approach and simple weighted
average. Imagine that a manager of a small
business wishes to have a system to assess her
workers to see whether or not they should be
retrained and in what order they should be
retrained. She considers that the three attributes
that are most important are: initiative, pride in
your work, and listening. From her experience
she knows that these quantities interact so she
rates them individually and in combination. Each
item and each subset of items is allocated the
measures below, where Y  is the measure of
set Y. To simplify notation P will represent pride,
L is listening and I is initiative. Then the
measures that she uses are as follows:

  0

,

P  0.2

,

L  0.3 ,

I   0.5 , P, L  0.5 , P, I   0.8 ,

Some things to note are: The measure of the
empty set  is zero, with no qualities to assess
the measure has to be zero. Generally the
measures for singleton sets do not have to sum to
one as it would do for a weighted mean. The
manager believes that considered on its own,
initiative is the most important quality that a
worker can possess and she weighs this at 0.5.
The weighting of a singleton set, a set with only
one item is called a density. The ability to listen
to instructions is rated a little behind initiative
with a weighting of 0.3, and the least important
when considered on its own is pride in your
work only 0.2.
Then the manager has to consider how the
attributes interact with each other. She believes,
from her experience, that pride and listening do
not interact much at all so she weights the set {P,
I} as just the addition of the measures for {P}

L, I   0.6 ,  X   P, L, I   1 , The

and {L} in other words they are additive. The

various measures are illustrated in the lattice

attributes of pride and initiative {P, I} is believed

diagram below.

to work well together and reinforce each other so
the manager rates their combination quite highly
at 0.8. They are said to be super-additive.
However she believes that the combination of
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listening and initiative can sometimes not

The order of the assessment scores for A is:

combine so well, and sometimes detract from

P<

each other, so their joint measure is less than the

11  3  1 0.6  5  3 0.3  2.8 ,

sum of the two separately. They are said to be

Then for B is I< P <L with integral

sub-additive.

11  3  1 0.5  5  3 0.3  2.6 ,

Employees are assessed on a Likert integer scale
from zero to 5 with the meaning of each value as
follows:

for

I

C

<L

is

L<

P

with

<I

integral

with

11  3  1 0.8  5  3 0.5  3.6 ,
and finally for D is P< L <I

Value

Not capable

0

Can just manage

1

Adequate

2

OK or average

3

Good

4

Excellent

5

with integral

11  3  1 0.5  5  3 0.2  2.4 .

Table 1: Likert Scale for Employees
Language Meaning

integral

Employee C obtains the highest score of 3.6. His
strongest strength is initiative which is weighted
as the most important single attribute by the
employer. The combination of his top two
strengths, initiative and pride, is also rated highly,
in fact it is rated the top out of all secondary
interactions. A secondary interaction is an
interaction between two attributes.

Using these criteria she rates each employee as
follows:

The next strongest is employee A with 2.8 his
top strength of listening is not rated so highly as
the strength of initiative; nor are the combination

Table 2: Rating Employees

of this top two strengths, listening and initiative

Employee

Pride

Listening

Initiative

A

1

5

3

B

3

5

1

C

3

1

5

D

5

3

1

rated as highly as the top two for employee A.
The third strongest is B with 2.6. His top
strength is only rated in the middle of the three
attributes and the combination of his best two is
the

least

highly rated

of the

secondary

interactions.
In this example all four employees score, a one,
a three and a five across the attributes however
they make these values at different places; that
enables a discussion on how the Choquet integral
differentiates between them.
The calculation of each integral follows the same

Finally the weakest employee is D with 2.4. His
top strength of pride in his work is the lowest
weighted as an individual factor and the
combination of his best two qualities is also the
lowest rated in combination. So he should be the
first to get retrained.

steps as those explained in the previous section.
They are given here;
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With this example a simple averaging of the

The scale of each measurement is an integer in

three scorers would put everyone equal at 3, so

the range one to 10, and the attribute information

they are not distinguishable. A weighted average

for the data is given below. For this paper the

could be calculated using the densities as

first condition attribute x1 is Clump Thickness

weights. For example for employee A, his pride

and the last condition attribute x9 is Mitoses.

score is weighted at 0.2, so that adds 0.2  1 to
his

score.

The

average

for

A

is

0.2 1  0.3  5  0.5  3  3.2 . The weighted
averages turn out to be a follows: A has 3.2, B
has 2.6, C has 3.4 and D has 2.4. The weighted
average for A is higher than the number obtained
when then the Choquet integral is used (2.8).

The decision attribute y is Class. In order to
integrate with the authors existing software, the
decision class was relabelled as y  1 meaning
benign and y  2 meaning malignant.
Attribute Information:
1. Sample
2.

This is because the combination of listening and

Clump

number:

id

Thickness:

1

number
-

10

3. Uniformity of Cell Size: 1 - 10

initiative is sub-additive, less that the two

4. Uniformity of Cell Shape: 1 - 10

attributes separately. The weighted average for

5.

employee C is lower than that calculated by the

Marginal

Adhesion:

1

-

10

6. Single Epithelial Cell Size: 1 - 10

Choquet integral because the Choquet integral
favors the combination of pride and initiative
which are C two strongest qualities.

7.

Bare

8.

Bland

9.

Normal

10.

4. WISCONSON BREAST CANCER DATA

Nuclei:

1

-

10

Chromatin:

1

-

10

Nucleoli:

1

-

10

Mitoses:

1

-

10

11. Class: (2 for benign, 4 for malignant)

SET

The Wisconsin Breast Cancer data set is
available at [10]. It consists of 699 records of
patients who were examined for breast cancer
and had various measurements taken. As sixteen
of the records have a missing value only the 683
complete records are used here, of these 239 had
cancer and 444 had not. The data was collected
from January 1989 until November 1991 by Dr.
WIlliam

code

H.

Wolberg

(physician) at

using the Choquet Integral on a data record
from the Wisconsin data set [Note: It is
unnecessary to calculate differences when
adjacent attributes in ascending order have
the

same

value].

The

nine

condition

to

and their

attributes are labelled from
values recorded in Table 3:

the

University of Wisconsin Hospitals Madison,
Wisconsin, USA [17, 18].

There follows an example of classification

Table 3: Example Record
Att.

x1

x2

x3

x4

x5

x6

x7

x8

x9

F(x)

6

8

8

1

3

4

3

7

1

129

International Journal of Digital Information and Wireless Communications (IJDIWC) 5(2): 124-140
The Society of Digital Information and Wireless Communications, 2015 ISSN 2225-658X (Online); ISSN 2412-6551 (Print)

After sorting in ascending order the table

5. RATIONALE

becomes:
The data itself provides information on how new

Table 4: Sorted
Att.

x4

F(x) 1

x9

x5

x7

x6

x1

x8

x2

x3

data may be processed. If a subset is traversed by

1

3

3

4

6

7

8

8

a new record and all the evidence from the
previous data says that any patient whose records
passed through that subset has cancer then there

Table 5: Calculation
Att.

x1 to Diff.



Diff× 

is strong evidence to suggest that this patient
may have cancer. Likewise, if all information

x9

from prior records showed no cancer, it would be
111

111 1

1.00000

1.000000

011 2

0.670496 1.340992

001 1

0.656327 0.656327

000 2

0.656327 1.312654

000 1

0.300222 0.302222

000 1

0.302222 0.302222

111
111

The frequency considered here to be important is

110
111

through a subset which is close to this global

far from the global probability then passing
through the subset may well provide a strong

000
000

If a patient passes

ratio then there is little evidence either way. If

010
011

which are malignant. That is an overall
probability of 239/683.

010
011

the frequency of class two (malignant). Looking
at the whole data set of 683 records there are 239

010
111

expected that the patient’s condition was benign.

indication of the patient’s condition. Thus
expected frequency is the tool used in this paper.

000

The other key idea is that instead of looking for

000

values for all 512 measures (coefficients) and
Total

4.914417

searching through a vast number of combinations
of settings. A small set of parameters is instead

As you can see the value of the integral is

examined. Suppose a black box needs to receive

heavily dependent upon the measures assigned to

k parameters in order to operate and its job is to

each subset. There are 512 subsets of the nine

generate a much larger set of m parameters,

condition variables of the Wisconsin data set. It

needed for optimisation. Then it is easier

is difficult to allocate optimum values to all of

search the k parameters than the m directly. This

these coefficients thus search techniques like

is useful to get an approximate solution that can

genetic algorithms are often used for this and for

then be passed through some further optimisation

similar problems.

procedure. It is believed that this idea can be

to
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applied

more

generally

to

many

other

optimisation problems.

Class2 freq  TotalOne  Class1 freq  TotalTwo
Class2 freq  TotalOne  Class1 freq  TotalTwo

(2)
6 HEURISTICS DEVELOPED

Here TotalTwo is the total number of
records with classification two (malignant)

The ideas behind the various heuristics are

in the data set; Class2 freq is the number

explained in the sub-sections following. The

of records classified as two that pass

heuristics design a function and if this function is

through this particular subset.

graphed then the horizontal axis (x) is the

This ratio has the following properties:

frequency of class two records passing through

If Class2 is zero the ratio becomes  1 .

that particular subset in the lattice; and the

If Class1 is zero the ratio becomes 1.

vertical axis (y) is in the range [─1, 1]. However

The expected number of Class2 (cancer

when the measure is finally made the ranger is

patients) that pass through the subset when

rescaled into [0,1]. These methods were first

the grand totals are used for calculation are:

reported by the author in [19].

Class1 freq  Class2 freq 

6.1 Mean
This simply calculates the mean of the nine
condition attributes and then chooses the best cut
off point. Using the Choquet integral the mean is
the result of calculations when the measure of a
subset M is

M
9

where M is the cardinality

of M [15].

TotalTwo
TotalOne  TotalTwo

(3)
When the frequency of class two (cancer)
is exactly that which is expected the ratio
calculates

to

zero.

The

measure

is

calculated from the ratio in the following
manner:
measure= 0.5*(ratio +1) this re-scales so

6.2 Class Frequency Formula

For each subset in the lattice, a frequency count

that the range is the interval [0, 1].

6.3 Simple Straight line Method

is made of the number of records that take a path
through the subset that are of either class one (no

The measure is calculated using a straight line

cancer) and class two (malignant). The grand

that passes through the origin and the point

totals across all of the data set are also used. If

(Class1freq + Class2freq, 1). Here, the horizontal

both frequencies are zero then the measure is

axis is the class two frequency, so if every record

assigned to be zero. When at least one of the

is class two then the value one will be calculated.

frequencies in non-zero the following ratio is

If there are no class two records, then the

calculated:

measure will be zero.
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6.4 Two Straight line Segments

20 

239
 6.9985  7 . The upper mid-point is
683

This method is designed that if the frequency of

0.5  7  20  13.5 and this is to have a y-value

class two is the same as expected, then the y-

of 0.2. Therefore, there is a change of line

coordinate will be 0; If all are class two, then the

segments at the coordinates (13.5, 0.2). Similarly

y-coordinate is 1; and if no class two, it is 1.

the lower mid-point is 0.5  0  7  3.5 and this
is to have a measure of  0.3 . The graph, Figure

6.5 Four Straight line Segments

3, shows the example function calculations with
all four line segments

This method is similar to the two straight line
method and is designed that if the frequency of
class two is the sa e as expected, then the ycoordinate will be

all are class two, then the

y-coordinate is 1 and i no class two, it is 1.
However instead of just one straight line
between the expected value and the sum of the
frequencies two straight lines are used. The mid-

Figure 3: Example with Four Line

point is used as an additional x-coordinate

Segments

(frequency) and the y-coordinate can be set
arbitrarily. The two lines will intersect at these

7 RESULTS & COMPARISIONS

coordinates. A search process can be used to

A reclassification of the entire data set was made.

find a suitable y-coordinate.

(Reclassification was performed on an artificial

Similarly the mid-point between the origin and

data set in [20] as a proof of concept of the

the expected value can be used to generate

Choquet integral classifier.) The reclassification

another pair of lines. The motivation is that

results for this paper are presented in Table 4.

frequencies close to the expected value do not

The formula method produced a reclassification

provide strong evidence so this provides a way

rate of 97.22%. The structure of the formula has

of making their measure even smaller than it

a logic to it. That if the class two frequency is

would be if a single straight line was used. In

what would be expected from the global

total there are four line segments. Obviously

frequencies then it calculates to zero; but if the

more than four line segments may be used.

frequency of class two is zero the formula

Here is an example where six records belonging

returns  1 , and if instead the frequency of class

to class one and fourteen belonging to class two,

one is zero it calculates to +1. It may be worth

passes through a certain subset. The expected

considering using a bias where an extra

frequency

parameter is added to the expected frequency

for

class

two

is

then
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before calculation so that a number higher than

decision tree. The resulting efficiencies for each

(or lower than) the expected frequency is

classifier were: 97.20%, 96.11%, 95.58%,

actually the zero. Such a parameter can be global

95.49%, and 94.92% respectively.

or can even be optimized for each subset.

Ten-fold cross validation was performed on four
of the methods of this paper results are in Table
5.

Table 6
Method

Reclassification

Mean

97.36%

Formula

97.22%

One Segment

97.51%

Two Segments

97.22%

Mean

97.51%

Four Segments

97.80%

Formula

96.20%

The mean method did well considering its

One Segment

95.71%

simplicity with a reclassification rate of 97.36%.

Two Segments

96.20%

This result and the closeness of all the various

Four Segments

96.62

Table 7
Method

10-fold

cross

validation

results reported in the literature would suggest
that the Wisconsin data set does not stress the

As some of the test data would pass through

classifications

subsets of the lattice that were not used in the

techniques

hard

enough

to

produce strong differences.

training data, when both the frequencies of class

Three papers [21, 22, 23] used only the 683

one and of class two were zero the measure was

complete records. In the papers the first 400

set to M 9 . Methods such as those used here

records were used for training and the last 283
or testing. The resulting testing accuracy’s were:
98.10%, 97.50% and 98.10% respectively.

classification methods on the Wisconsin Breast
Cancer data set was reported in [24]. The method
used was 10-fold cross validation and a t-test.
Weka

(Waikato

Environment

were lots of information regarding frequencies
can be calculated.

A comparison of the efficiency of five different

The

are probably more suited for large benchmarks

for

Knowledge Analysis) tool [25], which is a
downloadable platform housing a variety of
classification algorithms, was used for the
calculations. The five methods were: Bayesian
Network, Naïve Bayes, Multi-layer Neural
Network, the ADTree decision tree, and the J4.8

The mean did slightly better than the best of the
five methods reported in [24]. The two line
segment method and the Formula method
outperformed the lowest three reported namely:
Multi-layer Neural Network, ADTree and J4.8
tree. The one line segment method tailed at the
end.
The heuristics demonstrated here have shown to
be comparable to and often better than the more
complicated ideas of neural network and
decision trees. This fundamentally different and
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fresh approach should now be explored further

begin exploring next. With this strategy the

on a wider set of benchmarks.

distance sum decrease sometimes ironically the
fitness may also go down; but as all the miss-

8 HILL CLIMBING

classified points are closer to the cut-off there is
a good chance that after a few more iterations the

In the experiments reported in this section two

fitness will go up again and indeed may surpass

ways to assess the fitness of a measure function

the original level from which it dropped.

are considered. It is similar to the bit-flipping

The hill climbing heuristic will now be described.

method of [5] and [6] except it is suitable for

At the beginning a distance ‘delta’ is speci ied.

continuous variables rather than binary. The first

Then the process loops through all the subsets.

way is simply by counting the number of

On each subset, three values of the measures are

correctly classified records. The second way is to

tested: the original value, the original plus delta,

sum of the absolute distances of between the cut-

and the original minus delta. The value among

off point and each wrongly classified record. If

these three that is the fittest will be retained.

the value of the integral for a record with class

Then the process moves on to the next subset.

one is above the cut off value it will be miss-

The order of processing subsets is just the natural

classified, so how far it is above the cut-off is

order used to loop through the variables in binary

calculated. Similarly for all those records that are

order, the most significant bit first. A complete

class two but have an integral below the cut off.

iteration is when each subset has had the chance

Summing all these distances across all the miss-

to hill climb once. Should the process pass over

classified records provides an assessment of

two consecutive iterations for which the distance

fitness. Clearly should the sum of these distances

has not changed, then the value of delta is

drop to zero then all records must be correctly

dropped by a multiple of itself.

classified. Over any iteration of the hill climbing

In the experiments performed the initial value of

method described here the cut-off point can also

delta was set to 0.5 and this was changed in the

change as well as the distance.

following manner delta= 0.75*delta when no

If counting the number of correct classifications

change in distance occurred after any two

is the only consideration, then when two

complete iterations. So each time it was changed

measures have the same count they are

it lost 25% of its original value. In this work the

indistinguishable. However they can both have

range of all the measure function was restricted

the same count but the distances away from the

to the interval [0, 1]. If the process calculated a

cut-off for one may be less than the other. In

measure less than zero that was re-set to zero;

other words one of them may have more near

and if a measure would be more than one then

misses. The area of the search space which has

that was reset to one.

the most near misses may be the better place to
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To see how the two ways of measuring fitness

In Table 8 the non-enhanced column records the

are related one-hundred measure functions were

original fitness of each measure function. The

randomly generated and tested on all the data set.

correct count column records the results using

It was found that distance to cutoff was

number correct classifications and the distance

negatively

column uses distance as the fitness.

correlated

to

counting

correct

When

coe icients with a value o Pearson’s r equal to

processing iterations of the distance method it is

− .885.

the highest number of correct classifications

For the first experiment ten measure functions

found thus far that is recorded. This permits a

were randomly generated and each was stored so

direct comparison with the count correct

that it could be used again. For each measure

classifications method.

function the number of correctly classified

I can be seen from this table that the distance

records was recorded after ten iterations of hill

method was better than the correct count method

climbing. When each subset was tested the value

in all of the ten runs in the experiment. Indeed in

of the measure with the highest number of

most runs the distance method gets close to the

correct classifications was retained. Then the

global optimum whereas the correct count

measure was re-set to its original values and

method seems to get stuck in a local optimum.

results after ten iterations using the distance as
fitness were performed. Now the lowest distance

Table

was retained. Results are presented in tables in

classification count and Distance

9:

100

Iterations

this section.

Run

Table 8: Correct Classifications and Distance

Number Classified

Run

Non-

Correctly

Distance

Number

Enhanced

Classify

1

575

671

680

2

631

670

679

1

3

632

672

680

4

580

672

5

638

6

Correctly

of

Correct

Distance

After

First

Up

to First

100

seen

100 itts

seen

671

3

680

7

2

670

6

682

4

681

3

672

2

683

21

672

682

4

672

6

683

17

640

668

679

5

672

1

683

27

7

626

668

676

6

668

3

683

27

8

682

670

682

7

668

3

682

55

9

635

671

679

8

670

2

683

12

10

569

675

678

9

671

4

683

29

Means

620.8

670.9

679.6

10

675

7

683

25

itts.
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Then the process was run again this time for a

the number of correct classifications has risen

maximum of 100 iterations. Results are in Table

considerably, by eighty-six.

9. It is also recorded at which iteration the final

In the next iteration the distance has dropped

result first appeared. So for example run 10 of

considerably again to 3.26 but now the number

counting correct classifications finished on 675

of correct classifications has risen by a mere 20

and this was first found at iteration 7. However

to 674. In run number six the number of correct

run ten of the distance method found all 683 and

classifications dropped from 674 to 673 however

this was first seen at the 25th iteration.

this was soon overcome and the fitness went up

It can be seen that the count correct method

again by run number seven to a fitness value of

obtains its best result after only a few iterations

676 and then continued to rise. The lower

but then never seems to make any further

distance may have meant that the records

improvement. The count correct method never

misclassified had remained close to the cut-off

found the global optimum of 683 even after 100

and further exploring this new region eventually

iterations. The distance method found the global

pulled them in again.

optimum in seven out of the ten occasions. Also

Table 10: Ten Iterations of a Hill Climb

in the other three runs it came close to the

Iteration Correctly

optimum. Clearly on this data the distance

Number

Classified

method looks like a good approach on its own

0

568

87.863823

right and not just a heuristic.

1

654

18.839607 0.500000

It is interesting that the number of correct

2

674

3.263489

0.500000

classifications improves anyway and can reach

3

674

3.263489

0.375000

the

4

674

3.251822

0.375000

being

5

674

3.251822

0.281250

optimized. To investigate further Table 10

6

673

3.251822

0.281250

displays the figures for run ten of the testing

7

676

1.278676

0.281250

process up to the first ten iterations. Thus

8

677

1.182086

0.281250

changes in fitness with changes in distance can

9

677

1.182086

0.281250

be compared. It can also be seen how delta drops

10

678

1.004053

0.281250

optimum

measurement,

even

though

distance,

is

a

different

actually

Distance

delta

as the iterations progress.
This is an example of where the continuous

9 A GENETIC ALGORITHM FOR THE

distance metric can be better than the discrete

FOUR LINE SEGMENT METHOD

count of correct classifications. You will observe
that the distance is always coming down. After

Genetic algorithms (GA) are a widely used

the first iteration the distance has dropped

optimization method that has the advantage that

considerably from 87.86 to 18.84 (2 d. p.) and

detailed knowledge of the domain space is not
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necessary for a GA search and so can be used in

chromosome replaces the least fit chromosome

many diverse applications [26]. Here a GA will

in the population. The tournament size was set to

be applied to the four line segment method of

one-third of the population size.

estimating the fuzzy measure.

A chromosome consists of two floating point

Section 6.5 described the four line segment

values that represent the y-coordinate values at

method where the frequency of the number of

each elbow and two floating point numbers that

records passing each subset in the lattice was

are used to calculate the x-coordinate. These four

used to set the y-coordinates of both elbows. An

numbers are in the range [0,1].

elbow is a set of coordinates (not on the

Mutation And crossover are real valued.

horizontal axis) where two of the lines meet. In

Mutation

this section the same idea is repeated but this

distribution method as described in [29]. The

time the x-coordinate of the each elbow is

old value is mutated by adding another value.

allowed to vary as well.

The other value is drawn randomly from a

The x-coordinates at the elbows are set by using

normal distribution with mean zero and a pre-

number in the range zero to one. These numbers

assigned standard deviation. Each variable in the

will be parts of a chromosome for the genetic

chromosome a random decision is made on

algorithm to be described later in this section.

mutation or not depending upon the pre-set

The first elbow needs to be between zero and the

mutation rate.

expected value of class two, so the expected

Crossover is unimodal normal distribution

value of class two is multiplied by a random

crossover (UNDX) as introduced in [30]. When

number in the range zero to one. The x-

two floating point numbers are to be crossed

coordinate for the second elbow is calculated

there mid-point and the absolute distance apart is

similarly so that it lies between the expected

calculated. The new value is the mid-point plus

value of class one, and the value that is sum of

the addition of another value. The other value is

both frequencies. Optimum values for the

formed by multiplying the absolute distance by a

multiplying factor for the x-coordinates and the

value

values of the y-coordinates are searched for

distribution.

using a Genetic Algorithm (GA). The structure

distribution has a mean of zero and a pre-set

of the GA will now be discussed.

standard deviation.

The GA is based on a steady state design [27],

The crossover rate was 50% and the mutation

[28]. A type of tournament selection is used. The

rate 12%. Crossover and mutation used the same

tournament

fittest

standard deviation value for their normal

chromosome in the tournament and the least fit.

distributions. Each time the GA was allowed to

The least fit is subjected to crossover with the

run for 1000 generations. The figures quoted are

fittest and then mutation follows. The new

derived from ten-fold cross validation.

actually

selects

the

is

carried

drawn

out

randomly
As

in

by

from

mutation

the

normal

a

normal

the

normal
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Population sizes of 12 and of 48 were tested. For

It can be seen that all the results are roughly in

each test the standard deviation was set to 0.2

the middle between 96% and 97% and similar to

and then the test was repeated with a standard

the figure of 96.62 found in section 6.5. It seems

deviation of 0.4. Experiments included both

that generally varying the x-coordinate did not

ways of assessing fitness as discussed in section

add more efficiency than the earlier method;

8; counting the number of correctly classified

indeed only two of the experiments achieved a

records and summing absolute distances to the

higher result (see Table 12 with standard

cut-off. As the GA is a random process each part

deviation 0.2). It can also be seen that every time,

of the test was repeated five times so that results

for the same population size and standard

could be averaged. For each of these five times

deviation, the distance to cut-off procedure out-

was a separate ten-fold cross validation. The

performed counting correct classifications. This

results are displayed in Tables 11 and 12 where

observation is similar to the hill climbing results

‘pop’ is the population and ‘SD’

of section 8 where similar comparisons were

eans standard

deviation.

made. Of course, all possible settings of GA

Table 11: GA with Counting Correct

could not be tested but it has been shown that the

Settings

Mean of five

method worked and could potentially be used for

Pop 12, SD 0.2 96.30%

modeling with more than four line segments.

Pop 12, SD 0.4 96.37%

10 CONCLUSION

Pop 48, SD 0.2 96.55%
Pop 48, SD 0.4 96.55%

The idea of using frequency counts through the
lattice has proved to be very successful and is

Table 12: GA with Distance to Cut-off
Settings

Mean of five

often better than other methods. One drawback
might be that information from the data may not

Pop 12, SD 0.2 96.67%

be available for every set in the lattice thus a lot

Pop 12, SD 0.4 96.61%

of data may be needed perhaps the technique is

Pop 48, SD 0.2 96.75%

most suited to big data sets. However the simple

Pop 48, SD 0.4 96.58%

heuristics developed in this paper can always be

Actually the best single result achieved was

used to get other techniques a good starting point

97.22% for a cross validation with a population

for further optimisation. The novel idea, that

of 12 and a standard deviation of 0.4 using

instead of looking at the number of correct

distance to cut-off. The worst result was 96.05%

classifications, calculate the total distance of all

for across validation with population 12 and also

the wrongly classified records to the boundary

a standard deviation of 0.4 but with count

value, was very successful when applied in

correctly classified records as the way of

parallel to a hill climbing technique that uses

assessing fitness.

small increments and decrements to the fuzzy
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measure. Maybe the reason for this is that, as the

[12]

iterations progress the boundary cut-off value is
also

self-adjusting.

Certainly

these

fresh

approaches will complement other existing

[13]

[14]

methods and deserve further development.
Indeed to quote [26] ”Comparing different
classification methods applied to different data

[15]

sets, one can find a very interesting fact that
sometimes a simple approach outperforms the

[16]

other methods including those which are very
sophisticated”.
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ABSTRACT
Managing the wireless data traffic is a main concern
for mobile network operators in Internet of Things
(IoT) environment. Long Term Evolution Device to
Device (LTE D2D) is regarded as the solution for
managing the spectrum efficiency problem, which will
significantly affect the mobile environment. The main
purpose of this study is to analyze the stakeholders, the
key players sharing the spectrum broadband with the
mobile operators, and to present the value map of
Korean mobile operators and other key players in LTE
D2D discovery (commercial) channel. Furthermore,
this study suggests a scenario for ‘Targeted
Advertising’ service of LTE D2D. The results of this
study have implications on the current understanding
of the Korean mobile operators’ value map and for
future researches on strategies for LTE D2D
environment.

KEYWORDS
Long Term Evolution Device to Device (LTE D2D)
Spectrum Sharing; Key Players; Mobile Operators;
Value Map

1 INTRODUCTION
Smart devices such as smartphone, tablet PCs and
other wireless connected devices diffuse rapidly.
According to Ericsson, smartphone subscription rose
up to 2.7 billion in 2014, and expected to keep
increasing (Fig. 1) [1]. The mass of information data is
also tremendously growing, and mobile operators try to
avoid the data traffic by maintaining the wireless
network or allocating the new frequency band [2].
Demand of wireless network keeps growing but the
A preliminary version of this paper appeared in EECEA
2015 Conference, Feb 12-14, Manila, Philippines.
This version is improved considerably from the previous
version by including new results and features.

limited resource of spectrum is assumed to cause
overcrowded mobile network by the arrival of new
services like Internet of Things (IoT). IoT is a new type
of service that will share information through
connection to mobile network of all things: home
appliances, electronic equipment, automobiles and so
forth. In order to invigorate IoT service, discovering
new frequency band and developing new technology
for prevention of data traffic congestion problem are
important to solve the spectrum problem. While the
government takes initiative for discovering new
frequency band, manufacturers develop new
technology for increasing the spectrum capacity [3].
Mobile network operators predict Long Term
Evolution Device to Device (LTE D2D) as a suitable
solution to the spectrum problem for the next
generation. The discussions of LTE D2D were first
held on the 3rd Generation Partnership Project (3GPP)
Onwards Workshop. The LTE D2D was taken into
consideration as a new candidate technology for 4G
LTE Advanced Rel-12.
The possible commercial scenarios predict that LTE
D2D holds the potential to provide an opportunity to
the players, who plan to provide new services using
LTE D2D.
However, it may fall to being used as a mere provider
of ‘dumb pipe’ for others, like mobile network
operators. The issue such as network neutrality is
possible to surface again [4].

2 RESEARCH BACKGROUND

Figure 1. Smartphone Subscriptions in 2014 [1]
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Figure 2. Global Mobile Traffic in 2014 [1]

Currently, South Korea has the highest smartphone
penetration rate in the world [5]. One of the reason is
the stable and high quality network. The advanced
network infrastructure allows Korean access to high
quality contents. According to Korea Internet &
Security Agency, more than 86.9% mobile internet
users in Korea have access to LTE [6].
The advanced network infrastructure and high
penetration rate both demonstrate how delivering an
advanced network infrastructure and higher quality of
contents are critical for the mobile operators. Experts
predict that the next business model for LTE is IoT,
which creates an environment for devices to connect
and share information. Hence, the Korean government
attempts to procure the sufficient frequency for
broadband mobile services, as the demand for wireless
communication is expected to increase with the
emergence of IoT.
The Korean government revised the Radio Regulation
Law in 2014. The Law stipulates that mobile network
operators are allowed to share spectrum with others,
such as ventures or small business operators. So far,
spectrum in Korea has been exclusively used by
broadcasters or mobile network operators. Now, as the
Law allows frequency band to be used for ICT
business or for social public services, it has created a
proper environment for new service communications,
such as LTE D2D. LTE D2D allows devices to
communicate directly without using cellular network
infrastructure. It expects such an appropriate solution
to decrease data congestion.
Korea Telecom (KT Corporation) and Qualcomm
announced an agreement to jointly develop LTE D2D
[7]. KT Corporation is a leading operator that has

Figure 4. Wireless Data Usage in Main Cities of Korea [11]

already launched world’s first commercial LTE
broadcast service. Thus, Qualcomm is planning to start
pilot project in South Korea.
LTE D2D seems to have more technical efficiency in
the countries with high population density and high
rated use of LTE device. Also, application of LTE
D2D communication in the places with high population
density can bring a significant added value. South
Korea has the proper environmental condition for LTE
D2D. Fig. 4 shows usage percentage of mobile data in
main cities of South Korea. The capital, Seoul and
Gyeonggi province illustrates the highest percentage of
mobile data traffic congestion. Despite the imminent
opportunities the LTE D2D can provide for the mobile
network operators, it may also create conflicts between
the mobile network operators and competitors
attempting to secure the frequency band, as the LTE
D2D allow mobile network operators to utilize new
frequency band.

2.1 Concept of LTE-D2D
LTE D2D communication allows LTE-based devices
to communicate without using cellular network
infrastructure [8, 9, 10]. The devices communicate
directly with one another when they come in close
proximity. LTE D2D uses one source (uplink or
downlink) of frequency and LTE Time-Division
Duplex frequency, which may decrease massive data
traffic. At present, technologies such as Bluetooth,
Near Field Communications (NFC), and Wi-Fi Direct
are used in proximity-based services that are sufficient
for short-range communications. However, it is hard
for such technologies to support massive proximitybased services. Also, LTE D2D discovers device
through only one discovery step and it reduces the
battery consumption.

Figure 3. Network Platform Usage for Mobile Internet [6]
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Figure 5. Leading Operators of LTE Broadcast [14]

Figure 7. Process of LTE D2D [17]

Process of LTE D2D
 Device Discovery: discover other LTE-D2D based
device
 Link Setup: setup link to connect two devices
 Data Communication: transmit data through
wireless link to devices

communication channel for national security and
public safety [1]. Therefore, it is not proper for
business application [17]. Discovery channel is going
to be applied for commercial use. This channel permits
a mobile device to look around for other devices to
ascertain information about it [18]. For example,
contents provider can send necessary information and
commercial matter of interest to nearby customers, or
match information with advertised ones. LTE D2D
provides a common language for discovery; while it
operates horizontally across apps, operating systems,
devices, and operators, exponentially expanding the
field of value for proximal discovery. It is also
expected to be adopted for many other such services as
information delivering service, Geo-Fencing, network
games, social matching, and targeted advertisements in
the future [19].

LTE D2D communication process is simple compared
to other communication technologies [12, 13]. Through
the device discovery step, LTE D2D shares the same
spectrum with cellular device and spatial reuse of it to
improve system capacity. Through the next two steps,
setting up link and transfer data between devices
without network-assisted information, LTE D2D will
reduce considerable amount of traffic in data-crowded
places. LTE D2D also saves power energy. When two
devices come in close proximity, there will be lower
power requirement for transmission [15]. Apart from
technological advantages, LTE D2D also receives
showering spotlight in policy-making sectors. It has
become a potential technology for IoT standardization
in many possible application projects under discussion.

2.2 LTE D2D Application Channels
3GPP standardization plan focuses on two application
channels of D2D communication service, channels for
discovery and communication. Proximity-based
services are attractive to such public safety, such as
fire-fighting and ambulance [16]. 3GPP complies with
a full range of requirements for supporting

Figure 6. Comparison of LTE D2D with other D2D [17]

3 CHANGE OF KEY PLAYERS’ ROLE AND
ANALYSING THEIR NEEDS
3.1 Research Process
To analyze the relationships of key players and suggest
the value map of Korean mobile operators for new
mobile environment, we followed the next process.
In section 3.2 we select key players for LTE D2D
communication through the literature review, which
are: mobile operators, hardware & chip vendors,
service & contents providers, and influencers. Then,
we identify their issues that could cause conflicts in
value flow.
Section 3.3 presents value map and value flow of key
players’ needs in direct relationships with mobile
operators. The value flow’s factors are monetary,
information, goods/services, participation, and public
benefit. The needs of key players are classified in
common, synergistic, and conflicting needs.
Section 3.4 verifies the value map through in-depth
interview of experts from Korean telecommunication
companies. Through the interview, we descript
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Figure 8. Smartphone Ecosystem of Key Players [20]

unknown issues, drawn through literature review, and
suggest solutions to this issues.
In the last section 4, this study proposes scenarios by
analyzing the relationship flow and technical needs of
key players in targeting advertising service, which is
the main service flow in LTE D2D. Scenarios present
roles of key players in service supplying process, and
predict cooperation plan in short and long-term. Also
necessaire technical requirements are suggested.

3.2 Identification Issues and Roles of Key
Players
The flow of mobile service ecosystem is illustrated in
Fig.8. Avrind (2009) classified stakeholders into four
types identified by questions ‘who’, ‘what’, ‘how’,
‘how else’ and illustrated the value flow types [20].
Based on this classification, this study analyses roles of
key players of LTE D2D communication ecosystem,
focused on mobile operators’ perspective. The key
players and their issues in LTE D2D commercial
channel are identified by reviewing papers, articles,
news and studies, related to the environment [8, 9, 10,
17, 18, 21, 22, 23].
Through the literature review, the study sets key
players, who are directly related to the mobile
operators. The final key players of the study are mobile
operators, hardware & chip vendors, service &
contents providers, and influencers (governments,
standard bodies, forums etc.).
 Mobile Operators
LTE network is appropriate for transmitting
multimedia contents that could cause mass of data
traffic. In mobile operators’ perspective, LTE D2D will
decrease the maintenance costs of wireless network. In
addition, by expanding coverage, data provision in
coastal areas and mountainous regions becomes
possible in stable speed. Three main mobile network

companies in South Korea are KT Corporation, SKT,
and LG U+. As people have more than one mobile
device, the number of the devices became higher than
population in South Korea. Therefore, mobile
operators don’t compete with attracting new
subscribers, but to lure subscribers from other
company. Especially mobile operators’ strategies are
more related with transmission and reception speed of
the data. Hence, with LTE D2D, they can utilize the
acceleration of data speed for marketing and can have
competitive advantage in the LTE quality competition
and development competition for next 5th Generation
(5G) mobile technology.
Mobile operators, however, may face two major
problems; first, data usage of the users may decrease in
the short term and Average Revenue per User (APRU)
may be reduced in the long term [16]. Second, mobile
operators may lose their control and domination of the
network, because information is not stored in the
communications company as the communications
between devices do not pass through base stations [17].
 Hardware & Chip Vendors
The hardware & chip vendors play an important role in
LTE D2D. They can choose one of the strategies that
will change the whole profit structure. The hardware &
chip vendors can develop devices with embedded
technology or just insert a chip into existing devices.
Depends on the players, the diffusion method of the
technology will be change. Therefore, mobile operators
and hardware & chip vendors should cooperate. KT
Corporation and Qualcomm started LTE D2D
development project together from 2014 and calls it
‘LTE Direct’. Qualcomm is going to make a chip into
the LTE D2D device. Also, they are planning to start
pilot project in South Korea.
When the LTE D2D is commercialized, hardware &
chip vendors will have the benefit of the expanded
market. Thus, the development of chips must fit their
scale of profit and loss. If the government allows LTE
D2D only to be used for public disasters, hardware &
chip vendors will have difficulty in making profit with
disaster network, because the demand for disaster
mobile phone is estimated at 200,000 units in Korea
[7]. Therefore, hardware & chip vendors will expect to
conduct new commercial service such as advertisement
by using discovery channel of LTE D2D. Especially,
companies like Qualcomm can use the framework
among devices in the future business, such as for IoT
environment [14, 23].

144

International Journal of Digital Information and Wireless Communications (IJDIWC) 5(2): 141-151
The Society of Digital Information and Wireless Communications, 2015 ISSN 2225-658X (Online); ISSN 2412-6551 (Print)

 Service & Contents Providers
In this study, service & contents providers are
including not only content owners/creator, mobile app
developers but also advertisers [20]. If service and
contents providers use a discovery channel, the devices
within the 1km boundary will receive a specific
promotion or advertisement. They have it as their
purpose to make their information known to as many
people as possible. Therefore, they will want to acquire
as much information as possible and want their
information to be exposed preferentially, which makes
various business models possible. As it is still in
incipient stage in the introduction of LTE D2D,
specific business models are not yet discussed because
it is expected that future business models will be
different depending on the initial setting. Thus, so far
business structures can be predicted within the range of
technological possibilities.
Location-based Service (LBS) providers and mobile
app developers can participate in this kind of business.
Various businesses are engaged in marketing activities
such as coupon mailing by using location information
of the smart phone users. In the past, this kind of target
marketing required passing through specific service
platforms. In the case of LTE D2D, information
transmission is possible through built-in chips without
passing through service platforms. Thus, small
businesses or advertisers can deliver their information
in cheap cost. Various businesses can participate in the
business utilizing LTE D2D by using the network of
the mobile operators. As service & contents providers
engage in business by utilizing the network of mobile
operators, there may be cases when their business
models overlay each other. Although it is difficult to
predict specific business models, it is possible to
predict business structures if the needs required for the
player to make profits are analyzed.
 Influencers
Forums)

(Governments,

Standard

Bodies,

Other than institutions that produce, distribute and
promote LTE D2D services, regulations are required so
that this technology can be utilized efficiently in the
market. The role will be undertaken by governmental
institutions, which enact and manage standards and
policies, standard bodies and technical forums.
The government should implement policies pertaining
to the frequency and standards to vitalize LTE D2D.
The government has the most important role as it sets
the standards to change the roles of players. They have
to continuously provide their backup so that problems

can be prevented after LTE D2D is utilized as well as
before. First of all, standards for LTE D2D must be
prescribed. Currently, standardization work is being
conducted in 3GPP and an institution named
Telecommunications Technology Association (TTA)
conducts this role in Korea. Standardization work for
LTE D2D is still in incipient stage and following
problems should be solved in the future. 1) The
problem is what kinds of cellular resources will be
shared. There can be interruptions which cellular link
imposes on D2D link, interruptions which D2D link
imposes on cellular link and interruptions among D2D
links. 2) Standards for synchronization among
terminals are being discussed as a vital issue. 3) As
terminals maintain both cellular link and D2D link at
the same time, we have to decide whether to uplink or
downlink those [15]. According to Alastair Brydon’s
prediction (2014), we will have to think about and
decide the followings; we have to choose static or
dynamic allocation for frequency resource [18]. In
addition, propagation characteristics for D2D
communication should be decided differently from the
previous ones. Either general LTE communication
should be used or algorithm should be developed that
can convert LTE D2D. Besides, we also need to decide
on either synchronous D2D discovery to reduce battery
or asynchronous D2D discovery for flexibility.
Also one of the important problems will be privacy and
security. As LTE D2D discovery channel must provide
tailored services, it is expected that there will be
privacy problems raised in the future. 3GPP pointed
out “Laws related to communication records and antihacking measures of each country should be
considered” and especially security problem can be
raised such as stealing information from a third device
during communication between two devices [24]. Even
when LTE D2D is vitalized, privacy and security
problems should be continuously solved. Influencers
must provide backup so that key players can maintain
LTE D2D in good condition. As the goal of influencers
is to introduce and vitalize LTE D2D in domestic
market, they will play the role of helping other key
players.

3.3 Role and Relationships of Key Players
To compare pre and post introduction of mobile
environment, the study developed Avrind’s mobile
ecosystem framework.
Subjects of the relationship analysis were limited to
mobile operators, hardware & chip vendors, service &
contents providers, and influencers. For the parsimony
of the study, other players were excluded. In the past,
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mobile operators of South Korea, SKT, KT, LG U+.
They were restricted to experts in strategy department
or research department with minimum 12-year career
experience in the field. Represents that has prior
knowledge on LTE D2D were selected. Questions
were composed of the strengths and weaknesses of
LTE D2D in the perspective of mobile operators,
verification on the conceptual map and prediction of
relationship with key players.
The results can be summarized as follows;
Figure 9. Value Map of LTE D2D Key Players

 Strengths and Weaknesses

there was clear distinction between mobility provider
and mobility contents. As section 2 reviewed, now
mobile operators, hardware & chip vendors, service &
contents providers can all provide mobility contents.
In this case, conflicts may arise since business model
can overlap one another. This study analyze key
player’s needs based on classification of Cameron et al.
(2008): 1) common needs, 2) synergistic needs, 3)
conflicting needs and 4) orthogonal needs [25]. Then,
we suggest the value flow map by applying their needs
and roles.
Common needs mean that the players have the same
goal. That is, as the goal of influencers and mobile
communication business is to use LTE D2D in a stable
manner, they can be said to have common needs.
Synergistic needs arise when key players are related. It
means satisfactory activity of a player also helps
another play to achieve satisfactory result or same
action satisfies different needs. For example, when the
number of LTE D2D subscribers of mobile operators
increases, hardware & chip vendors can also reap
profits as the number of devices increases accordingly.
This means that mobile operators and hardware & chip
vendors have synergistic needs each other.
Conflicting needs generally are caused by external
constraint and refer to needs that can arise in restricted
circumstances. Orthogonal needs are not influenced by
the satisfaction of other needs. As this study drew out
only the key players that influence one another, players
with orthogonal needs were excluded. The roles of key
players, which change around mobile operators in LTE
D2D environment, are shown in Fig. 9.

First, mobile operators can maintain the stable wireless
network with reduction of traffic burden. Second, new
business models are available, such as IoT. With the
saturation of mobile communication market, mobile
operators try to create new profits through loT. Mobile
operator s can secure ‘stable and comprehensive
connectedness’ which is the core factor of loT by
utilizing mobile communication network.
Third, there was prediction that if LTE D2D service is
provided by mobile operators, it may be beneficial to
the maintenance of subscribers with the expansion of
conveniences.
Still, most discussions about strengths and weaknesses
focused on the traffic and profitability. For the
investment of mobile operators in frequency and access
network, realistic source of profit is the price users pay
for their usage of traffic (Korea mobile operators paid a
total of US 2.4 billion dollars in the auction for LTE
frequency). Therefore, although the commercialization
of LTE D2D is desirable in term of cost reduction due
to decreased traffic burden, it might not be beneficial
to profit-making, if it becomes difficult to bill on the
traffic. Especially, as current income system or
communication
system
cannot
accommodate
circulation of information which does not pass through
base station, this can work as a burden for development
of new technology and investment.

3.4 Results of Korean Mobile Operation
Experts’ Interview
To verify the value map of LTE D2D key players, this
study conducted in-depth interview of Korean experts
from telecommunication companies. Respondents of
the interview were 9 experts, who work for major

 Verification on the Value Map
Then, the value map was conducted by considering the
relationship between the mobile operators and other
key players.
1) Relationship between Mobile Operators and
Hardware & Chip Vendors
The relationship between mobile operators and
hardware & chip vendors has synergistic needs. There
were opinions, however, that they can develop into a
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relationship with conflicting needs depending on
business model. In addition, in Korea, mobile operators
have bargaining power in buying the devices.
Distribution structure of cellular phones in Korea is
peculiar, in which hardware & chip vendors are in
subordinate relationship with mobile operators because
consumers can purchase their cellular phones only in
agencies of mobile operators. Thus, the sales channel
of hardware & chip vendors is not cellular phone users
but mobile operators, which means their sales cannot
be made without the distribution channel of mobile
operators. Even though Hardware & Chip Vendors
release a magnificent device, sales cannot be made
without the cooperation of distribution network. One of
the interviewees compared this relationship to that
between the ‘crocodile’ and the ‘crocodile bird’.
Hence, there is little possibility for hardware & chip
vendors to load functions unfavorable for mobile
operators. Therefore, if hardware & chip vendors make
profit-making structure in cooperation with mobile
operators, they can spread devices much quickly.
2) Relationship between Mobile operators and
Contents Provider
First, if the contents provider can create paid business
model and second, if LTE D2D-based platform is
attractive as an advertising medium. In order for LTE
D2D service to become an advertising-based business
model, securing sufficient number of subscribers is the
key for successful entry which can be recognized as
stable advertising base by the advertisers.
Hence, both securing early subscribers (dissemination
rate of device) and creation of ecosystem are important.
The most important issue between mobile operators
and contents provider was billing system as well. As
service & contents providers use mobile operators'
network, there has be the issue of network neutrality.
Network neutrality started from the structure in which
users’ traffic continuously increases in unlimited
environment while the network operators bear all the
burden of investment in the network. Although some
experts had the opinion that commercialization of LTE
D2D would cause similar problems, it was predicted
that the discussion might be different from existing
network neutrality because mobile operators cannot
argue their rights (including the burden of traffic) other
than use of frequency as LTE D2D conducts direct
communication without passing through base stations
of mobile operators. In addition, there were worries
that in case users of unlimited data cause traffic with
the role of gateway or offload through landline, traffic
and profit structure of the operators can be changed,

which might be a difficult condition for the mobile
operators. In addition, the questions were raised as to
whether additional investment is needed for the
security of contents which do not pass through network
and who’s going to make the investment.

4 SCENARIO BASED APPROACH
As it was analyzed that the relationship between the
players and needs can differ depending on the business
model, this section conducts scenario analysis on
specific service selected, which is ‘Targeted
Advertising’ in Fig. 8. The targeted advertising was
selected because it is the area in which players are
expected to most actively participate due to clear profit
structure and it is a service in which players could have
synergic and conflicting needs.
Scenario means the order of hypothetical things
designed to focus on point of decision or causal
relationship [26]. In addition, scenario is a
methodology which is typically used in studies that
predict the future. Scenario includes narration, images
and maps, which describe the path from the present to
the point of the future [27].
The technique of scenario is first, hypothetical and
second, has its purpose in representing simple
description or outline. Through this, it enables finding
out potential problems which may arise if the planned
work is performed. It can inform the necessity of
advance preparations to minimize problems and
obstacle or opportunity lurking in the work planned
and to be executed [26].
Also, scenario technique provides decisive help in
establishing systematic plan by actively relieving
uncertainties of the future [27].

4.1 Service Scenario

Figure 10. Scenario of Targeted Advertising in LTE D2D
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When using LTE D2D in ‘Targeted Advertising’, the
onerous trouble in the past of authorizing and
activating provision of location information to receive
Targeted Advertising disappears.
It means that users don't have to register or authorize
location in advance. In addition, exceedingly fast
search of adjacent terminal makes it easy to receive
information on the location of nearby stores or
discounts available. As its search radius is around 1 km,
it can be used to promote products or issue coupons to
potential customers far away [17]. Users may receive
only the information of their interests by setting
categories desired or service providers preferred in
advance.
1) ‘A’ possesses a cellular phone loaded with LTE
D2D function and is interested in films. ‘A’
registered his interest in his smart phone.
Various methods can be used to register unique ID and
interests in a smart phone. Mobile operators can collect
related information or they can be registered as basic
information in the device. Besides, one can use other
applications provided by service & contents providers.
When users use applications which service & contents
providers supply or stores information in the device
itself, mobile operators have more or less trouble
getting involved in users' information.
2) When ‘A’ enters a shopping mall, theatres and film
contents businesses in the surrounding area
recognize his/her device. They recognize those with
LTE D2D device like ‘A’ within their range.
3) The theatres and film contents businesses send
necessary advertisements and information by
filtering information ‘A’ prefers. ‘A’ receives highcapacity multi-media advertisements on films of
interest. The advertisements include discount
coupons for movie tickets and mobile downloads
for those within 300 meters with interest in films
and advertisements.
4) Receiving interesting advertisements, ‘A’ wants to
relay the advertisements to people in surrounding
area. At the same time, A’s device goes through
device discovery process. A’s device creates links
with ‘B’ and ‘C’ who try to download the same
contents in the adjacent location (link-setup stage).
Device discovery process is when each D2D device
searches other devices with D2D communication

capability in the surrounding area. Each device must
know what are in surrounding area, through which it
decides whether to create D2D communication links
among devices. Adjacency can be defined by mobile
operator first. Device can decide adjacency by using
wireless signal or network according to the selection of
mobile operators or users.
Link-setup stage is when a device, which tries to
transmit data to surrounding D2D devices found in
device searching stage, sets up link for data
transmission. If A’s device sends a signal to other
devices requesting link creation, ‘B’ and ‘C’s devices
receive the signal and send responses.
5) A’s device distributes contents through D2D
communication without using base station.
In this process, the device can send information
through its built-in chip without going through
additional service platform. Then, ‘A’ becomes a
service platform itself, which can be seen as a change
in the concept of service platform. This business model
can work properly even in social commerce service, in
which transactions are accomplished only when a
certain number of people gathers together.
6) Deciding to download a film, ‘A’ accesses related
market, buys and downloads the contents. If ‘A’ can
resell the downloaded contents to other adjacent
devices, the owners of the devices can expect
reduction in both network use and contents purchase
cost.

4.2 Cooperation Plan among Key Players
(Long-term, Short-term)
If the players have access to the service above, the
players may have access to the following benefits;
Mobile operators may use a single communication
channel that can provide the same contents for
numerous devices within the same location. This
allows mobile network operates to reduce the load of
network it needs to provide the contents to the users.
Hardware & chip vendors will require killer
applications to spread D2D devices. A killer
application means computer software with the ability
to make it mandatory to use a specific platform. From
the perspective of marketing, the concept of killer
marketing is goods and services produced by specific
industry, which work as products that play the role of
driving force for the growth of the industry. The
existence of this kind of killer applications can lead to
creation of demand and sale of the devices. For the
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service and contents providers, this enables network
access of a bigger number of terminals, which
increases opportunity for sales of contents. For
example, store owners can deliver tailored sale
information by searching mobile terminals of
customers in the store. Users can be provided with the
services they need, that can be easily found in nearby
places and make payment with ease by communicating
with server without having to line up. For the services
in the above scenario to be possible, coordination of
interests among players and cooperation is required.
Because mobile operators need to expect profit model
from service and contents providers who want to make
advertisements.
Long-term cooperation plan among players and
direction of cooperation, according to service flow can
be suggested as follows; First, long-term cooperation
plan requires standardization of method and range of
D2D communication, information acquired and
recording methods, which in turn requires active
participation of influencers (governments, standard
bodies, forums) as well as players involved in the
business.
Second, it also requires regulations on the methods of
D2D communication and service provision. When
direct communication link is set up, data transmission
between two terminals is conducted exclusively
through direct communication link only. Base station,
however, must know information such as movement of
terminals, channel status and communication condition
to manage direct communication among terminals. In
addition, as it must know the amount of data
transmitted to calculate fares, regulations are required
for this. Third, integrated support for communication
among players and provision of service is required.
The Quality of Service (QoS) users feel decides the
success and failure of the service which is first
introduced in the market.
In addition, since the service above creates and records
payment information, the principal agent and method
of management should be clearly established.
Cooperation as required is timely provision of related
information, immediate search when requested and
authorization. The process of exchanging control
signals regularly between base station and terminals is
required. Besides, in the case of imposition of fare and
authorization, security among players is also critical.

4.3 Technical Requirements
Solutions for the issues discussed so far were
suggested as follows; For LTE D2D to be profit source
for the mobile operators, it is necessary to find ways to

measure communication details and amount of data
usage by using software. If mobile operators lose
control after the commercialization of LTE D2D, they
only provide their network and don’t get any benefit
from it. Although there is possibility for the issue of
network neutrality to be raised based on the technology
method, it was predicted that the problem is
economically soluble. It is an important task for mobile
operators to prevent unilateral loss from free business
model.
Another technical issue, that can be raised, is the
coverage of D2D communication and battery
consumption of the devices. Kim and Lee (2014)
analyzed
how
advertisements
using
D2D
communication spread within the desired valid
advertisement range [12]. As the result of the analysis,
it was found that while setting up a wide transmission
range enables wide advertisement range in an
environment with low density of terminals, battery
consumption of relay terminals increases due to
increase in transmission power and unnecessary traffic
increases with the increased overlaying range. On the
other hand, while setting up a narrow transmission
range reduces battery consumption and unnecessary
traffic, only a relatively narrow advertisement range is
secured. Therefore, if setting up of parameters such as
the proper range and number of sectors of terminal
transmission and technical development on battery
consumption are discussed with hardware & chip
vendors, better and improved services can be made
possible.

5 CONCLUSION
This study discusses the issues and provides solutions
pertaining to the LTE D2D discovery channel from the
perspective of the mobile operator. Through the
literature review, the study selected key players related
to mobile operators, which are hardware & chip
vendors, service & contents providers, and influencers.
Roles and relationships of key players are illustrated,
based on Avrind’s (2009) framework, and the value
flow is suggested, refer to their needs. The proposed
needs are as followed: monetary, information,
goods/services, participation, and public benefit. The
study verified the conceptual value map and presented
various solutions to unknown issues from literature
review, by conducting the in-depth interview of experts,
who works in Korean telecommunication companies.
The results are as followed. First, new mobile
environment can become an opportunity or threat to
mobile operators. LTE D2D will solve the data traffic
burden, and mobile operators could maintain the stable
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wireless network with less expense. However, the new
profit process can effect on the tariff scheme of mobile
operators and further on funds for technology
development. Second, after LTE D2D service will
utilized, mobile operators and influencers are going to
have common needs, as efficient use of spectrum
resource and widespread of service. However, because
channel and service standards are not designed yet,
there is a possibility of conflicting relationships, too.
Third, mobile operators and hardware & chip vendors
are going to have synergetic needs, because mobile
operators’ role is necessary for hardware & chip
vendors. In South Korea, mobile operators have the
control power on mobile distribution market. Therefore,
the chances are high that hardware & chip vendors will
launch new devices with imbedded technologies, such
as monitoring or billing structure technology. Forth,
key players, who will have conflicting needs with
mobile operators are going to be service & contents
providers. The main issue is what kind of business
model contents providers will distribute, and whether
the LTE D2D platform is enough attractive as a
medium of advertisement. Another important issue also
was a tariff. For example if user of limitless tariff acts
as gateway he/she can cause data traffic, or if user
offload information through wired network it will
effect on mobile operators’ income structure. Up until
now, LTE D2D technology is going to be used on
simple areas, such as connection to accessories. But in
the future, it is going to be used in other various fields,
such as network games, social matching service, and
target advertisement. Therefore, whether it will be an
essential technology or not, depends on the roles of
these key players.
This study suggested scenario for the future targeting
advertisement service, and analyzed cooperation plan
and technology requirements. As result, for the active
and successful service, it is important to have high
demand. Therefore, killer applications and contents are
requires. Also, it is necessary to determine the method
and scope of LTE D2D communication system. To
make the suggested scenario possible, first,
standardization for receiving information and for
recording information is important. In addition,
agreement about service providing process and
communication among key players is necessary.
Specifically, the authorization of service, deciding
session, and payment communications has to be
discussed. Finally, for the mobile operators, it is
necessary to find ways to measure communication
details and amount of data usage by using software,
profit source. If mobile operators lose control after the
commercialization of LTE D2D, they can only provide

their network and don’t get any benefit from it.
Although there is a possibility for the issue of network
neutrality, based on the technology method the
problem is economically soluble. It is a task for mobile
operators to prevent unilateral loss from free business
model.
In order for LTE D2D to be an attractive service, the
roles of mobile operators and contents provider are
very important. It will decide whether or not LTE D2D
will be a successful advertising platform. The most
important issue, however, is none other than billing
system. For LTE D2D to be a profit source for mobile
operators, it was analyzed that an alternative is
required, which can measure the communication
details and data usage. As discussed, for successful
dissemination of LTE D2D, it is important for the key
players to effectively build this service ecosystem.
This study has its limitations of conducting the analysis
and scenario at the early discussion stage of LTE D2D,
when there is not a specific business models. Still, this
study has its meaning in suggesting the perspective of
mobile operators, who are the key players of LTE D2D.
It provides directions and discusses solutions for the
issues among players to help LTE D2D service take
firm place as an essential service in the future.
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