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Abstract—This paper aims to investigate the influence of quality
of education and quality of research, provided by local educational
institutions, on the adoption of Information and Communication
Technology (ICT) in managing business operations for companies in
Saudi market. A model was developed and tested using data collected
from 138 Chief Executive Officers (CEOs) of foreign companies in
diverse business sectors. The data is analyzed and managed using
multivariate approaches through standard statistical packages. The
results showed that educational quality has little contribution to the
ICT adoption while research quality seems to play a more prominent
role. These results are analyzed in terms of business environment and
market constraints and further extended to the perceived effectiveness
of applied pedagogical approaches in schools and universities.
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I. INTRODUCTION

ITH current globalization trend and impact on business

competiveness, many companies are under constant
pressure to explore ideas and channels to reach wider markets
and diverse customer segments. A crucial part to facilitate
such an endeavor is to benefit from the integration of
information and communication technology (ICT) with the
strategic management of business operations; i.e. an effective
ICT adoption. The perceived benefit of ICT adoption
manifested itself by indicators showing that low technology
adoption results often in reduction of per capita income and
work-force skills [1].

The ability of employees (thus the business) to innovate,
strongly contributes to the firm performance [2]. One model to
describe innovation is the competence-enhancing approach
based upon and reinforces existing competencies, skills, and
know-how [3]. While this definition is accepted by many, it
has different interpretations by different companies depending
on the company strategies, sector, size, and age [4], [5]. Based
on their individual interpretation, the CEO’s normally develop
their strategic approach to achieve competitive advantage
using their own education, work experience, and technical
capabilities [6]. This leads to a natural question on what role is
played by the quality of education and quality of research
(defined below) of the company’s work force in shaping and
deciding the future perspective of a company. Establishment
of sophisticated education and research institutions, which
quite often means heavy investment in higher educations, is
one approach to answer this question.
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This study aims to answer: 7o what extent the quality of
education or/and quality of research influence the ICT
adoption by companies in managing business day-to-day
operations?

To answer this question, the study focuses on the role
played by education and research capabilities of educational
institutions to participate, directly or indirectly, in the adoption
of information and communication technology (ICT) to
manage business operations. It is appreciated that this
influence may be mediated through various factors [7], thus
the ICT adoption is treated in this paper as a form of a
collective business innovation linked to the profile of the
skilled workers employed by a firm. Based on this approach,
the study starts by developing a conceptual model which is
then tested using practical data gathered from interviews of
CEOs of selected local businesses.

II. RESEARCH METHODOLOGY AND APPROACH

A. Proposed Conceptual Model

A system approach was adopted with its usual components
of input, process, and output to visualize the links between the
key constructs, shown in Fig. 1, as a whole integrated system.

Facilitators
(Environmental Support)

Enablers
(Business Performance)

Drivers
(Educational Institutions)

Domestic
Competition

H3
Quality of
Education

ICT Adoption f

Quality of
Research

H4

IcT
Penetration

—> Processes —> Outputs

Inputs

Fig. 1 Initial proposed conceptual model

The core causal relationships of this model links two
exogenous variables (Quality of Education and Quality of
Research) with one endogenous variable (ICT Adoption) to
represent the company capability in adopting latest ICT
technologies in managing its strategic business operations.
This core casual model is represented within the dashed box in
Fig. 1. The ‘Domestic Competition’ and ‘ICT Penetration’ are
selected as mediators playing important roles in shaping the
adoption of ICT by businesses (see for example [8]-[10]). The
below paragraphs presents brief descriptions for each of the
constructs and related hypothesis:
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Quality of Education: starting with the basic definition of
education as the “the development of desirable qualities in
people” [11], the quality of education in the context of this
research is used to represents the schools’ and universities’
abilities to develop cognitive and creational skills of their
graduates. Thus the related hypothesis is:

HI: High quality of provided education will have a positive

effect on the ICT Adoption in businesses.

Quality of Research: in a broader sense, research is
defined as the ability to conduct an investigation for specific
problem and discover or propose a solution through
systematically collecting, analyzing, and interpreting the data
[12]. In this study, the quality is measured in terms of the
degree of collaboration and partnership between businesses
and research institutions. Therefore the term ‘quality of
research’ combines the research and quality to describe the
capability of a university to equip their graduates with
adequate ability to adopt scientific process and analytical
skills to resolve business management issues. In other words,
graduates need to acquire adequate skills and knowledge to
manage a full lifecycle of research projects from the
conceptualization to results and reporting stage. Thus, this
research is aimed to test the hypothesis:

H2: High quality of research provided by educational
institutes will have a positive effect on the ICT adoption
by businesses.

Domestic Competition: effective competition in local
market is an important factor to improve services and goods
delivery by businesses. The main aim of adding this construct
is to evaluate the impact of the presence of domestic
competition on the adoption of ICT by businesses. Therefore,
the below hypotheses is tested:

Hla: Domestic Competition meditates the effect of quality

of education on the ICT Adoption.

H2a: Domestic Competition meditates the effect of quality
of research on the ICT Adoption.

H3: Domestic Competition is perceived to have positive
effect on the ICT Adoption.

ICT Penetration: is the degree at which ICT technologies
is available and used by users from the general population and
through different industries. Although different terminologies
such as technology capacity, technology usage, and
technology penetration are also used, but they all meant to
refer and measure the computer usage [9]. Therefore, this
study aims to test the hypotheses:

HI1b: ICT Penetration meditates the effect of quality of

education on the ICT adoption by businesses.

H2b: ICT Penetration meditates the effect of quality of
research on the ICT Adoption by businesses.

HA4: ICT Penetration is perceived to have positive effect on
the ICT Adoption.

ICT Adoption: adoption of relevant business technologies
is the decision taken by individuals or businesses to consider
innovation as best means to address business management
challenge (see for example [13]). In the context of this
research, ICT adoption is considered as the degree at which
businesses use ICT to manage day-to-day operations to
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achieve customer satisfactions. No specific technology is
given preference on others, but the construct in general terms
means ability of the business to integrate various technologies
to achieve business objectives in effective and efficient way.

The actual practice used for testing the proposed model and
its constructs is performed through the assessment of the
fitness between the model shown in Fig. 1 and the calculated
correlation factors between these variable; calculated using a
set of practically collected data. The details of this approach
and associated practices are discussed and presented in the
following sections.

B. Population and Samples

A survey with 17 questions was used to analyze and
measure the dependent variables of the proposed model in Fig.
1. The questions are carefully selected with due considerations
to the specifics of this research and standard approaches. A
total of over 500 surveys were distributed to selected firms for
diverse sectors: manufacturing, telecommunications, services,
and constructions. The CEO or one of top executive managers
fills the survey and submits it on-line. These questions were
answered by respondents in a seven-point Likert scale with 1
represents a ‘Strongly Disagree’ response and 7 represents
‘Strongly Agree’ response. The executive managers were
consulted before administering the surveys and they expressed
willingness to take part in this study.

C. Statistical Approach

The gathered data was analyzed using a multivariate
statistical which combines path analysis with Confirmatory
Factor Analysis [14]. The SPSS application (version 21.0),
with AMOS add-on was used to construct the Structural
Equation Model (SEM), is used to test the relationships
depicted in the tested casual model. These applications are
used to study how and to what extent the selected exogenous
variables affect the ability of a firm to adopt ICT in its
business management. Errors were considered by adding error
parameters to each variable which is a standard approach to
manage error [15], [11]. Data analysis was applied to the
gathered responded data, Each returned questionnaire was
reviewed for completeness and, of the 138 received responses,
nineteen were rejected either due to large amounts of missing
data or/and due to ‘disengaged’ respondents, i.e. respondents
that tend to select one or two answers on the point-scale
questions.

D.Data Analysis and Results

The tool used to gather the data for this work consists of the
constructs listed in Table I. The reliability assessment is used
to evaluate the internal consistency of these constructs, which
is achieved by measuring the corresponding Cronbach’s
alphas. The Cronbach’s alpha values are above 0.85, accept
for Domestic Competition construct, which indicate high
reliability of the selected constructs [16]. This is followed by
testing the validity of the measurement model of all constructs
using factor analysis which revealed Kaiser-Meyer-Olkin
(KMO) value of 0.920 at p<0.001. The KMO value again
indicates the appropriateness of the factor analysis and the
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adequacy of research sampling [17].

In order to progress this analysis further, the relationships
between these selected constructs were first evaluated. Table I
shows the degree at which identified constructs relate to each
other, through measurement of cross-correlation factors. The
constructs are significantly correlated with each other which
suggest they are convergent and exhibit discriminant validity.

TABLE I
PEARSON CORRELATIONS BETWEEN THE CONSTRUCTS
QoE QoR DC ICT P ICT A
QoE 1 764 560" .648™ 669"
QoR 764 1 563" 682 695"
D_C 5607 563" 1 579" 5737
ICT_P 648" 682" 579" 1 841"
ICT_ A 669" 695™ 5737 841" 1

QoE=Quality of Education, QoR=Quality of Research, D C=Domestic
Competition, ICT P=ICT Penetration, ICT A= ICT Adoption, and the two
stars indicate a p-value <0.001 (2-tailed)

0.62%**
0.82

0.72%%*

CMIN/DF=1.49
CFl= .96
TLi=(095
IFI=0.96
RMSEA=0.06
POLOSE=D 11

Fig. 2 The path diagram with coefficients of the whole model with
constructs influencing the ICT adoption. The three starts indicates the
level of significance with p<0.001, while no starts indicates
insignificant p-value

TABLE II
STANDARDIZED REGRESSION WEIGHTS FOR THE PATHS SHOWN IN FIG. 3

Hs Path B SE CR »p
H1 ICT Adoption <-- Quality of Education 0.07 0.07 0.66 0.51
Hla Domestic Competition <-- Quality of 0.13 0.15 0.77 0.44

Education
H1b ICT Penetration <-- Quality of Education 0.09 0.12 0.62 0.53
H2 ICT Adoption <-- Quality of Research 0.0l 0.11 0.05 0.96
H2a Domestic Competition <-- Quality of 0.62 0.17 338 ***

Research
H2b ICT Penetration <-- Quality of Research 0.72 0.14 4.51 ***
H3 ICT Adoption <-- Domestic Competition 0.07 0.07 0.77 0.44
H4 ICT Adoption <-- ICT Penetration 0.72 0.11 622 ***

Hs= Hypotheses, = Path Coefficient, SE= Standard Error, CR= Critical
ratio, and p= level of significance (p-value), and the three starts of p-value
indicates level of significance <0.001.

The whole model is then tested using AMOS and the results
are shown in Fig. 2.

The ‘goodness of fit” of this model with all constructs was
assessed by measuring the CFI (Comparative Fit Index),
RMSEA (Root Mean Square Error of Approximation), and
CMIN/DF; as shown as insert in Fig. 2. Based on published
literature, vales greater than 0.95 for CFI, less than 0.08 for
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RMSEA, and less than 2 for CMIN/DF are considered as
acceptable indicators for model good fit to the data [18]-[20].
Therefore, the model of Fig. 2 can be considered as a good fit
for the data.
The paths of Fig. 2 where analyzed further and the results
are presented in Table II.
These results support only the hypotheses related to the
perceived impact of the quality of research on the domestic
competition, ICT penetration, and ICT adoption. However, the
data indicates that both the quality of education and quality of
research seem to have little direct effect on the adoption of
ICT in managing business operations. These results where
further tested to evaluate different representations of the
causal relationships in congestions with the mediation effects
of both ‘Domestic Competition’ and ‘ICT Penetration’ on the
adoption of ICT. For this purpose, four assumed hypotheses
where converted into the below four models:
Model A (hypothesis Hla): ‘Quality of Education>ICT
Adoption’, mediated by Domestic Competition.

Model B (hypothesis HIb): ‘Quality of Education>ICT
Adoption’ mediated by ICT Penetration.

Model C (hypothesis H2a): ‘Quality of Research>ICT
Adoption’, mediated by Domestic Competition.

Model D (hypothesis H2a): ‘Quality of Research>ICT
Adoption’, mediated by ICT Penetration.

To distinguish between these models, all tests were
performed with the full-model shown in Fig. 3, but to isolate
the effect of one mediator, the path to the other mediator was
removed. The results from testing these models are shown in
Table III.

To distinguish between these models, all tests were
performed with the full-model shown in Fig. 2, but to isolate
the effect of one mediator, the path to the other mediator was
removed. The results from testing these models are shown in
Table III.

TABLE III
COMPARISON OF PATH COEFFICIENTS WITH AND WITHOUT MEDIATION FOR
DIFFERENT MODELS

Direct Indirect Mediation
Model NM WM WM Analysis
Model A: ‘Quality of 0.20 0.06 0.003 No
Education>ICT Adoption’, (.130)  (.560) (.880) Mediation
mediated by Domestic
Competition
Model B: ‘Quality of 0.20 0.05 0.050 No
Education>ICT Adoption’ (.130)  (.670) (.660) Mediation
mediated by ICT Penetration
Model C: ‘Quality of 0.62 0.21 0.020 Partial-
Research>ICT Adoption’, (*¥**)  (.080) (.450) Mediation
mediated by Domestic
Competition
Model D: “Quality of 0.62 0.10 0.500 Full-
Research>ICT Adoption’, (¥*x)  (410) (.009) Mediation

mediated by ICT Penetration

NM=no mediation, WM= with mediation, value in brackets represent
corresponding p-values, and the three starts of p-value indicates level of
significance <0.001.

Following the method proposed by [21], from Table III,
models A and B show that direct paths of the ‘Quality of
Education’ on ‘ICT Adoption’ are not significant and
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remained not significant after adding the mediating constructs.
Since the indirect effect of these paths also not significant,
then it was concluded that both the ‘Domestic Competition’
and °‘ICT Penetration’ play no roles in mediating the
relationship between ‘Quality of Education’” and ‘ICT
Adoption’.

For model C, the influence of the direct path of ‘Quality of
Research’ on ‘ICT Adoption” dropped in strength and
significance but the indirect path is still not significant. This
indicates that ‘Domestic Competition’ plays partial mediation
role on this path. And finally for model D, the influence of the
direct path of ‘Quality of Research’ on ‘ICT Adoption’ was
dropped in strength and significance with the corresponding
indirect path is significant. Therefore, model D indicate a full-
mediation of ‘ICT Penetration’ in mediating the influence of
‘Quality of Research’ on ‘ICT Adoption’.

With due considerations to these results, the model was
revised and presented in Fig. 3 with solid lines representing
the significant paths.

Qualityof ),
Education

0.82

Quality of
\\ Research

Fig. 3 Final path model shows the influence of two mediating
constructs. The solid lines indicate significant paths

III. DISCUSSION AND CONCLUSIONS

The first attempt to test the model proposed by this study
showed direct correlations between quality of education,
quality of research, and ICT adoption. However, the results
also showed that quality of education plays a minor role
compared to the impact of quality of research on the ICT
adoption. To explain this result, the study started by analyzing
the role played by quality of education on the adoption of ICT
by businesses. Generally speaking, it is commonly
acknowledged that adoption of technology requires the
working staff to acquire appropriate level of computer skills
and knowledge [22] and that a business community with high
computer literacy enjoy adoption of a high level of internet-
based technologies to manage offered services [23]. In this
respect, the quality of education normally play direct
important role in promoting computer literacy and develop
what is termed the ‘digital divide’ [24] that helps to acquire
necessary computer skills. The finding of this paper seems to
conflict this understanding and do not support its findings.
This observation led the author of this paper to search for
alternative constructs that may mediate the influence of
quality of education onto ICT adoption. Two potential
mediators were considered: Domestic Competition and ICT
Penetration. The selection of these mediators was based on
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their perceived links with the ICT Adoption [9], [10]. Of these
two mediators, from quality of education perspective, only the
ICT Penetration seems to have strong but insignificant
influence on ICT Adoption showing that no mediation is
taking place. This result is again in conflict with studies that
link ICT Penetration with ICT Adoption (see for example [9]).
The finding seems to indicate that the CEO’s of foreign
investing companies think that ICT penetration plays little role
in their adoption of ICT for managing business transactions.
One explanation of this outcome may lay in the quantification
of what is actually meant by computer literacy in terms of
usage categories such as social media, business developments,
and transactions. In other words, the high penetration rate
reflects high adoption of social media and the related
technologies for mainly non-business related activities.
Another explanation is these companies rely more on their
international operations practices and standards which are
normally imported during the early stages of business setup.
Therefore, as a consequence, the businesses may give little
considerations to the quality of education or/and the level of
ICT penetration in their adoption of required ICT technologies
to manage their operations. To understand the possible root
cause of this outcome, one would need to understand the
underpinning causes in a multi-cause analysis. Many studies
already conducted on the influence of internal and external
factors on the quality of education offered by educational
institutions, such as classroom technologies [25], [26]. Studies
of these aspects are highly complicated and these results
further add more complication and thus more detailed
quantifications are required.

Moving on to discuss findings on the influence of quality of
research on the ICT adoption, the results showed a clear
positive and significant correlation. In other words, the study
suggests that quality of the research institutions is positively
correlated with the adoption of technology by businesses.
Thus the path of Quality of Research-ICT Penetration-ICT
Adoption seems to be the preferred interaction path with
strong and significant coefficient. The positive correlation
between quality of research and ICT adoption indicate that
research activities do play greater role (compared with quality
of education) in shaping the students’ learnings. This result is
supported by recent research [27] showing that high-
performing research environments do generate high-quality
learning and market ready skilled workers. Furthermore, this
outcome indicates that companies interested to adopt advanced
business technologies will likely employ graduates with high
research capabilities. This outcome confirms that graduate
students with research abilities benefits from higher
employability and income compared with undergraduate
students with little focus on reach abilities [28].

The ability of a company to innovate (considering that ICT
Adoption is one form of innovation) is strongly tied to the
company’s intellectual capabilities and knowledge of the
workforce [29]. The results of this study interns indicate the
importance of workers’ skills required to achieve efficient
management of organizational operations. With current
available information, it is unclear whether company’s skilled

660 1SN1:0000000091950263



Open Science Index, Information and Communication Engineering Vol:9, No:2, 2015 publications.waset.org/10001088.pdf

World Academy of Science, Engineering and Technology
International Journal of Information and Communication Engineering
Vol:9, No:2, 2015

workers are involved in ‘incremental’ or ‘radical’ innovation
in their endeavour to adopt ICT technologies for effective
management of business operations. Answering this question
will have direct impact on the company’s approach on whether
to reinforce existing technology management approach or
radically view the business from totally new innovative
prospect. Again, this can be further elaborated for future
research and analysis. In developing countries, small to
medium companies lacks required human capital skills to
develop and adopt new technologies therefore they relied on
external ICT vendors and consultants to bridge the gap in
adopting ICT technologies [30]. In Saudi Arabia, the market is
heavily populated with vendors that provide professional
support and consulting ICT services. On one hand this might
be desirable stimulus for small companies to expedite their
business setup, but may fail to achieve business desired
benefits [31] due to high cost and management risks and
overhead. Therefore, from current results, the market seems to
rely more on the ‘ready’ expertise than in-house developed
skills and knowledge.
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