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Abstract 
Over the past ten years, Arab Gulf countries have made it an explicit aim to transform their 
economies into a knowledge-based economy. Now the knowledge economies have expanded 
and become more essential for Arab Gulf states. It had become a strategic vision and plans 
for economic diversification. This paper aims to analyse the impact of knowledge-based 
economy on economic development in Arabic Gulf countries over the 1980-2015 period. This 
study employed a wide variety of dimensional index approach to a knowledge-based 
economy. The data allowed us to evaluate the impact of knowledge on economic growth 
extensively. Panel time series method was employed to analyse the role of knowledge-based 
economy on economic development, using the long-run FLOMS, DOLS and PMG regression 
analysis. This study found that three knowledge-based economy criteria, education, 
information and communication technology (ICT) and innovation, significantly influence 
Arabic Gulf countries' economic growth. The findings are useful for the regulators in the Gulf 
countries as input for their effort to create an economic environment conducive to enhancing 
the level of knowledge and, hence, economic growth. 
Keywords: Knowledge-Based Economic, Economic Development, Arabic Gulf Countries, Panel    
Time Series. 
 
Introduction 
A knowledge-based economy is a system of consumption and production based on 
intellectual capital. It refers to the ability to leverage scientific findings and applied research. 
The knowledge-based economy provides enormous benefit for most developed countries. 
Adopting a knowledge-oriented economy is seen as the path to overcome societal 
deficiencies caused by urbanisation, such as uneven development, social inequalities in cities 
and urban regions, and environmental degradation (Yigitcanlar, Guaralda, Taboada, & 
Pancholi, 2016). In a knowledge-based economy, significant value components may contain 
intangible assets such as the value of their employees or intellectual property (Carrillo, 2015; 
Volkov & Garanina, 2007). In addition, it also became the primary engine of economic growth 
(Barkhordari et al., 2019; Tamtana, 2007). Thus, the knowledge-based economy is an 
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economic element where the generation and utilisation of knowledge contribute significantly 
to economic growth and wealth creation (Ogundeinde & Ejohwomu, 2016; World Bank, 
2015). 
Numerous countries have begun to realise the importance of the knowledge economy to 
national development (Wan Ismail et al., 2012). The Arab region also noticed it, and they took 
several steps to move along with the changes. Generally, the Arab region is now making a 
major conversion, which focuses on transforming their political, social and economic sectors 
(World Bank, 2015). In the economic sector, the focus of transformation to execute the 
knowledge economy as a pillar of economic growth. This is important because most of the 
Arab countries are being recognised as medium-income countries. Currently, seventeen of 
the twenty-two countries in the Arab region have adopted economic development based on 
knowledge as short and long term policy (Schwalje, 2014). If this is successful, it will positively 
impact the economic growth of the Arab region. 
The main question is the readiness of the Arab countries to meet the challenges of providing 
knowledgeable, high-level human capital and professional energy to move towards the 
knowledge economy. To answer this question, this research analyses the current level of 
implementation of the knowledge-based economy using several criteria and dimensions that 
are perceived to describe the intensity of knowledge-based application.   
The efforts of the gulf countries to disclose the knowledge economy has begun over the past 
ten years. The concept of the knowledge economy has become an essential role in the 
strategic vision of the gulf countries in the plan for economic diversity (Hvidt, 2015). However, 
despite the importance and popularity of the knowledge economy, it remains a vague term 
for the Arabs. This has made this plan difficult for the Arab Gulf nations to accelerate 
development based on the knowledge economy. According to the World Bank (2015), as 
shown in Figure 1, the Arabic Gulf countries’ position was ranked between 42 and 64 on a 
knowledge-based economic index. This position is below the aggregate score for Europe and 
Central Asia. Nevertheless, it is still above the world average.  

 
Source: Knowledge Assessment Methodology (www.worldbank.org/kam, World Bank, 2012). 
The country’s economic growth is highly dependent on the country’s strength to face the 
knowledge-based economic challenges (Ogundeinde & Ejohwomu, 2016).  Among the 
challenges faced by Arab countries are the poor status of knowledge indictors, poor 
knowledge-based economy and the limited role of knowledge (El-Khoury, 2015; Nour, 2019). 
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this makes the Arab countries underperform in terms of the knowledge-based economy 
compared to other developed and emerging countries. (Ryan & Daly, 2019). Moreover, it is 
not an easy task for the Arab countries to transform into a knowledge economy because a 
successful knowledge economy rests on an intricate relationship between entrepreneurship, 
motivation, enabling economic and institutional regimes (Hvidt, 2015). This situation requires 
additional attention from the Arabic government to emphasise the role of a knowledge-based 
economy on national development.  
Thus, this study aims to investigate the contribution of the knowledge-based economy to the 
economic growth of Arabic Gulf countries. This paper is organised as follows. Section 2 
provides the literature review about the overview of the knowledge-based economy and 
critical factors that influence the knowledge-based economy. This is followed by Section 3 to 
analyse the data. Next, Section 4 presents the results of the data analysis and the discussion. 
Finally, this study concludes the findings and provides the future directions of the study in 
Section 5. 
 
Literature Review 
In the year 1966, Peter Druker introduced the concept of knowledge workers (Weber, 2011). 
The original concept of this idea is based on the knowledge and information concept. Since 
then, this concept has often been emphasised in economic activity transactions to 
information, technology and knowledge. In business, knowledge can change the landscape 
and help businesses run smoothly and faster than ever before (Kamarudin et al., 2012). This 
will help the business grow and create better economic conditions (Huarng, Rey-Martí, & 
Guaita-Martínez, 2020). Furthermore, knowledge is a crucial driver of long-term economic 
development and a key source of competitiveness  (Asongu & Kuada, 2020; Rezny, White, & 
Maresova, 2019). 
Several studies have investigated the relationship of the critical factors between knowledge-
based economies and national development in the Arab region (Asongu & Andrés, 2020; 
Barkhordari et al., 2019; Ben Hassen, 2020; Schwalje, 2014; Weber, 2011).  This will facilitate 
the process of creating a community that can enhance knowledge, creativity, and innovation 
and nurture the knowledgeable community. To explore the influence of a knowledge-based 
economy on economic development, this study will explore some of the critical factors in the 
Arab Gulf country. Based on the previous literature survey (Nour, 2019), critical factors that 
could influence economic developments are capital, skills, innovation and Information and 
Communication Technology (ICT). 
Capital is one of the major compensator in economic growth apart from population growth 
and technological advancement (Todaro & Smith, 2006). Capital investment is a long-term 
investment that allows the country to obtain revenue for the years ahead. Capital 
investments can be increased by intensifying the research and development (R&D) activities 
of a country. Indirectly, the R&D activities can ensure creation of efficient and productive 
human resources. Extant researches have argued that the growing capital structure will 
increase a country's economic growth (Booth et al., 2001; Mahmud, 2003; Mokhova & 
Zinecker, 2014). Numerous studies conducted on some Arab countries also show that capital 
plays a vital role in their economic growth (Abu-Qarn & Abu-Bader, 2007; Acikgoz & Ben Ali, 
2019; Malik & Masood, 2021). 
Investment in education has become one of the central policies in economic development 
(Marquez-Ramos & Mourelle, 2019). Investment in education can produce a young 
generation that can fill jobs in the next century. Furthermore, through these educational 
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investments, the country will be able to produce human capital that can assist in the economic 
growth of the country (Afzal et al., 2011; Marquez-Ramos & Mourelle, 2019; Self & Grabowski, 
2004). Thus, all countries, including Arab countries, should not be excluded from the 
empowerment of their education. For this purpose, the government in the Gulf region has 
allocated extra allocation money for education (Aubert & Reiffers, 2004). In this way, the 
knowledge-based economy will be more dispersed among the people in the gulf region. This 
will be able to help Arab countries to ensure their sustainable development in the long term. 
Empirical studies show that the skills can contribute to an increasing in labour productivity 
and output of production. Indirectly, increases in productivity will help increase economic 
growth (Baier, Dwyer, & Tamura, 2006; Korkmaz & Korkmaz, 2017; Rudolf & Zurlinden, 2010). 
Moreover, labour skills are strongly emphasised in the Sustainable Development Goals 
(SDGs). Therefore, to ensure the Arab countries are willing to blast IR 4.0, they must be willing 
to equipping people with adequate skillsets. However, the Arab state faced a severe 
unemployment crisis caused by a mismatch between demand of competencies and skills and 
those supplied through the education and skills development system (Schwalje, 2014). This 
situation also led most Arab countries to import expert workers from outside (Ryan, 2016).  
Since its introduction around the mid-90s, information and communication technology (ICT) 
has played an essential role in the country’s sustainable development. The role of ICT is to 
enable people, organisations and governments to change information to knowledge. 
Knowledge, in turn, is an essential element towards achieving more remarkable economic 
and state development. Extent studies have shown a strong and positive relationship to the 
use of ICT on economic growth (Cardona, Kretschmer, & Strobel, 2013; Fernández-Portillo, 
Almodóvar-González, & Hernández-Mogollón, 2020; Greenana & Mairesse, 2000; Nasab & 
Aghaei, 2009). However, the magnitude is varied according to the type of technology used  
(Niebel, 2018). Studies in the Middle East show that ICT significantly impacts economic growth 
(Bahrini & Qaffas, 2019; Yazdan & Hossein, 2013). In addition, Langendorf (2020) also stated 
that ICT is also a solution to youth unemployment in the region. This clearly shows that 
technology is a very positive influence on the economic development and social of the Arab 
region. 
In general, innovation always plays a vital role in developing a country  (Parcero & Ryan, 2017). 
It became a key driver to economic growth and competitiveness (Carayannis, Goletsis, & 
Grigoroudis, 2018). Innovation and technological development can help accelerate the 
development and growth of an economy. Innovation is very closely related to 
entrepreneurship that helps accelerate the growth of an economy. However, the 
development of innovations for developing countries somewhat far behind than developed 
countries (Ismail et al., 2005; Alwi, et al., 2013). This situation also differs considerably for the 
Arab region countries.  The latest study showed that the innovation level for the Arab region 
country was somewhat far behind developed countries and emerging countries (Barkhordari 
et al., 2019; Parcero & Ryan, 2017). This is a great challenge to the Arab region country. 
 
Methodology 
Data and Variables 
The study used the annual data from the World Bank Data set from 1980 to 2015. The 
description of the variables is as reported in Table 1.  
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Table 1 
Data Description 

Variable Description Source 

LGDPC Current Growth domestic product in USD World Bank 
LGCFC Current Gross capital formation in USD. World Bank 
LLPRT Total Labour Force Participation Rate (age 15-64) World Bank 
LTRADE Trade (% of GDP) World Bank 
LENSCN Gross secondary enrolment rate to represent a pillar of 

education and skill in Knowledge-Based Economy 
World Bank 

LTELEFIX Telephones for 1000 people to represent a pillar of 
information in Knowledge-Based Economy 

World Bank 

LJRNL Total Journal articles per 1 million people to represent a pillar 
of innovation in Knowledge-Based Economy 

World Bank 

Notes: LGCFC, LLPRT, and LTRADE portray production economy (p-economy); LENSCN, 
LTELEFIX and LJRNL represent pillars in the knowledge-based economy. 
 
Method of Analysis 
Panel unit root tests 
Before the cointegration analysis is carried out, we need to ensure that all the data are 
integrated into the same order. For that purpose, we employed the first-generation tests for 
panel unit root by Im, Pesaran and Shin (2003) and, Maddala and Wu (1999). Meanwhile, 
we employed the Pesaran (2007) method for the second-generation test of panel unit root. 
These two tests are more powerful and less restrictive than the panel unit root developed by 
Levin, Lin and Chu (2002). The Im et al. (2003) tests allowed for heterogeneity in the 
autoregressive coefficient. Indirectly these tests can resolve the serial correlation problems. 
The equation for the panel unit root test for Im et al. (2003) is as follows:  

∆𝑦𝑖𝑡 = 𝛼𝑖 + 𝜌𝑖𝑦𝑖,𝑡−1 + ∑ ∅𝑖𝑗∆𝑦𝑖,𝑡−𝑗

𝜌

𝑗=1

+ 휀𝑖,𝑡; 𝑖 = 1,2, … . , 𝑁; 𝑡 = 1,2, … . 𝑇, 

(1) 
where for each variable under consideration, 𝛼𝑖 stand for the fixed effect and to make the 
residual uncorrelated over time 𝜌 is chosen. It is that the null hypothesis 𝜌𝑖 = 0 for all 𝑖 versus 
the alternative hypothesis is that 𝜌𝑖 < 0 for some 𝑖 = 1, … , 𝑁1 and 𝜌𝑖 = 0 for = 𝑁1 + 1, … , 𝑁 
. 
 
Averaging individual ADF statistics are based on the IPF statistics, which can be written as 
follows: 

𝑡̅ =  
1

𝑁
 ∑(𝑡𝑖𝑇)

𝑁

𝑖=1

 , 

(2) 
The ADF is based on the country-specific ADF regression where 𝑡𝑖𝑇 is the ADF t-statistics for 
country 𝑖, as in Eq (1). The null hypothesis of non-stationary, which is under IPS shows the 𝑡̅-
statistics follow the normal standard distribution asymptotically. Where, 𝑡𝐼𝑃𝑆 , the 
standardised statistic can be written as: 
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𝑡𝐼𝑃𝑆 =  
√𝑛 (𝑡̅ −  

1
𝑁 ∑ 𝐸𝑁

𝑖=1 [𝑡𝑖𝑇 |𝜌𝑖 = 0])

√1
𝑁 ∑ 𝑉𝑎𝑟𝑁

𝑖=1  [𝑡𝑖𝑇 | 𝜌𝑖 = 0]

 

(3) 
According to Maddala and Wu (1999), although Im et al.’s tests relax the assumption of 
homogeneity of the root across the units, while few hardness continues to persist. Maddala 
and Wu (1999) recommend the use of a Fischer type test which is based on combining the 𝑝-
values, 𝜋𝑖  of the test statistic for a unit root in every cross-sectional unit. The MW test statistic 
𝜆 is given by: 

𝜆 =  −2 ∑ 𝑙𝑛

𝑁

𝑖=1

 𝜋𝑖  . 

(4) 
The MW test statistic is arranged as chi-square with 2N degrees of freedom under the 
hypothesis of cross-sectional independence. It is stated that IPS’s test is not powerful when it 
is included of individual trends, Breitung and Das (2005). This test is sensitive to the 
specification of deterministic trends as a contrast to IPS’s test. It has its own advantages of 
the MW test which that its value does not depend on different lag length in the individual 
ADF regressions. Besides, they also found that MW’s test is more calibre in comparison to 
IPS’s test. 
The test (IPS and MW) each flaw in assuming that the cross-section is independent; the same 
assumption is made in all first generation of panel unit root. Despite, it has been pointed out 
in the literature that cross-section dependence emerges due to unobserved common factors, 
externalities, regional and macroeconomics linkages, and unaccounted residual 
interdependence. It appears recently that some new panel unit root test has emerged and 
addressed the question of the dependence and correlation given the prevalence of 
macroeconomics dynamics and linkages. These tests are called the second generation panel 
unit root tests. The well-known second-generation test that is considered in this paper is the 
Pesaran’s CIPS test. In order to formulate a panel unit root test with cross-sectional 
dependence, Pesaran (2007) examine the following Cross-Sectional Augmented Dickey-Fuller 
(CADF) regression, estimated the OLS method for the 𝑖𝑡ℎ cross-section in the panel: 

∆𝑦𝑖𝑡 =  𝛼𝑖 + 𝜌𝑖 𝑦𝑖,𝑡−1 +  𝛿𝑖 �̅�𝑡−1 +  ∑ 𝛿𝑖𝑗  ∆

𝑘

𝑗=0

�̅�𝑖,𝑡−𝑗 +  ∑ Δ𝑦𝑖,𝑡−𝑗 +

𝑘

𝑗=0

휀𝑖𝑡 

 (5) 

where, �̅�𝑡−1 = (
1

𝑁
) ∑ 𝑦𝑖,𝑡−1, Δ�̅�𝑡 = (

1

𝑁
)𝑁

𝑖=1 ∑ 𝑦𝑖𝑡,𝑁
𝑖=1  and 𝑡𝑖(𝑁, 𝑇) is the t-statistics of the 

estimate of 𝜌𝑖  as the equation above shown the used for computing the individual ADF 
statistics. Pesaran also proposed the following test CIPS statistic that is based on the average 
of individual CADF statistics as follows: 

𝐶𝐼𝑃𝑆 =  (
1

𝑁
) ∑ 𝑡𝑖  (𝑁, 𝑇).

𝑁

𝑖=1

 

(6) 
The critical values for CIPS for various deterministic terms are tabulated by Pesaran (2007). 
 
Panel cointegration tests 
We apply Predroni’s cointegration test methodology once the order of stationary has been 
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defined. In a real situation, like the IPS and MW panel unit root, the panel cointegration tests 
proposed by Pedroni (1999) also consider the heterogeneity by using specific parameters that 
can vary across individual members of the sample. As a consideration, such heterogeneity 
constitutes an advantage because it is unrealistic to assume that the vectors of cointegration 
are similar from an individual to another for the panel. 
The implementation of Pedroni’s cointegration test depends upon estimating the following 
run relationship: 

𝑦𝑖𝑡 =  𝛼𝑖 + 𝛿𝑖𝑡 + 𝛽1𝑖𝑥1,𝑖𝑡 +  𝛽2𝑖𝑥2,𝑖𝑡 + ⋯ + 𝛽𝑀𝑖𝑥𝑀,𝑖𝑡 + 휀𝑖𝑡 
                for i = 1,…,N  ;  t = 1,…,T ; m = 1,…,M 

 (7) 
where N refers to the numbers of individual members in the panel; T refers to the number 
of observation over time; M refers to the number of exogenous variables. The structure of 
the estimated residuals is as followed:  

휀�̂�𝑡 =  �̂�𝑖 휀�̂�𝑡−1 +  �̂�𝑖𝑡  . 
(8) 
Pedroni (1999) has proposed seven different statistics to test panel data cointegration. Out 
of these seven statistics, four are based on pooling, referred to as the “Within” dimension, 
and the last three are based on the “Between” dimension. Both kinds of test focus on the 
null hypothesis of no cointegration. However, the distinction comes from the specification of 
the alternative hypothesis. For the tests based on “Within”, the alternative hypothesis is 𝜌𝑖 =
𝜌 < 1 for all 𝑖, while concerning the last three test statistics, which are based on the 
“Between” dimension, the alternative hypothesis is 𝜌𝑖 < 1, for all 𝑖. 
Pedroni (1999) has tabulated the finite sample distribution for the seven statistics via Monte 
Carlo simulations. The calculated statistic tests must be smaller than the tabulated critical 
value to reject the null hypothesis of the absence of cointegration. 

 
Panel cointegration estimation 
Although Pedroni’s methodology allows us to test the presence of cointegration, it could not 
provide an estimation of the long-run relationship. For the panel framework, in the presence 
of cointegration, several estimators are proposed, such as Fully Modified OLS (FMOLS) and 
dynamic OLS (DOLS). However, McCoskey and Kao (1998) analysed the proprieties of the OLS 
estimator and found that the bias-corrected OLS estimator does not improve over the OLS 
estimator in general. Thus, the findings suggest that alternatives, such as the FMOLS 
estimator or the DOLS estimator, maybe more promising in cointegrated panel regressions. 
Whereas, Kao and Chiang (2000) stated that both the OLS and Fully Modified OLS (FMOLS) 
exhibit small sample bias and that the DOLS estimator appears to outperform both 
estimators.  
This paper examines three estimators with error correction: Fully Modified OLS (FMOLS) and 
dynamic OLS (DOLS) empirically examine the validity of the Feldstein-Harioka puzzle in 
ASEAN countries. 
 
The Fully Modified OLS (FMOLS) and Dynamic OLS (DOLS) estimators 
The Fully Modified OLS (FMOLS) and Dynamic OLS (DOLS) methodologies are proposed by 
Kao and Chiang (2000) to estimate the long-run cointegration vector for non-stationary 
panels. These estimators correct the standard pooled OLS for serial correlation and 
endogeneity of regressors normally present in the long-run relationship. 
We consider the following fixed effect panel regression: 
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𝑦𝑖𝑡 =  𝛼𝑖 +  𝑥′𝑖𝑡𝛽 +  𝑢𝑖𝑡 , 𝑖 = 1, … , 𝑇 , 
 (9) 
where 𝑦𝑖𝑡 is a matrix (1, 1), 𝛽 is a vector of a slope (𝑘,1) dimension, 𝛼𝑖 is an individual fixed 
effect, 𝜇𝑖𝑡 is the area stationary disturbance terms. It is assumed that 𝑥𝑖𝑡(𝑘,1) vector are 
integrated processes of order one for all 𝑖, where: 

𝑥𝑖𝑡 =  𝑥𝑖𝑡−1 +  휀𝑖𝑡. 
 (10) 
Based on this condition, (Eq. 9) define a system of cointegrated regression with 𝑥𝑖𝑡. By 
studying the limiting distribution of FMOLS and DOLS estimators in cointegrated regressions, 
it shows that they are asymptotically normal (Kao & Chiang, 2000). The FMOLS estimator is 
constructed by making corrections for endogeneity and serial correlation to the OLS 
estimator and is explained as: 

 

�̂�𝐹𝑀 =  [∑ ∑(𝑥𝑖𝑡 −  �̅�𝑖)′

𝑇

𝑡=1

𝑁

𝑖=1

]

−1

[∑ (∑(𝑥𝑖𝑡 −  �̅�𝑖) �̂�𝑖𝑡
+ + 𝑇∆̂𝜀𝜇

+

𝑇

𝑡=1

)

𝑁

𝑖=1

], 

 (11) 

where Δ̂𝜀𝜇
+  the serial correlation is term and �̂�𝑖𝑡

+ is the transformed variable of 𝑦𝑖𝑡 to achieve 

the endogeneity correction. The serial correlation and the endogeneity can also be corrected 
by using the DOLS estimator. The DOLS is an extension of Stock and Watson’s (1993) 
estimator. To achieve an unbiased estimator of the long-run parameters, the DOLS estimator 
uses parametric adjustment to the errors by including the past and the future values of the 
differenced I(1) regressors. The dynamic OLS estimator is obtained as follows: 

𝑦𝑖𝑡 =  𝛼𝑖 +  𝑥′𝑖𝑡 𝛽 +  ∑ 𝑐𝑖𝑗 ∆𝑥𝑖,𝑡+𝑗 +  𝑣𝑖𝑡 .

𝑗=𝑞2

𝑗=−𝑞1

 

(12) 
where 𝑐𝑖𝑗 is the coefficient of a lead or lag first difference explanatory variables. The 

estimated coefficient of DOLS is given by: 

�̂�𝐷𝑂𝐿𝑆 =  ∑ (∑ 𝑧𝑖𝑡 𝑧′𝑖𝑡

𝑇

𝑡=1

)

−1

 (∑ 𝑧𝑖𝑡 �̂�𝑖𝑡
+

𝑇

𝑡=1

)

𝑁

𝑖=1

 

 (13) 

Where 𝑧𝑖𝑡 = [𝑥𝑖𝑡 − �̅�𝑖, Δ𝑥𝑖,𝑡−𝑞 , … , 𝑥𝑖,𝑡+𝑞] is 2(q+1) x1 vector of regressors.  

 
Results 
The Unit Root Tests 
Table 2 reports the outcome for the Gulf countries of panel unit root tests for three models: 
unit root model with individual intercept, individual intercept and trend, and none. It 
shows that the null hypothesis of the unit- roots for the panel data for the knowledge-
based economy. From this empirical panel unit roots tests, we found that the hypothesis is 
rejected when series are in first differences. Therefore, we can implement a test for panel 
cointegration between economic growth and knowledge-based economy factors. 
 
Panel Cointegration Tests 
Table 3 shows the outcomes of Pedroni’s (1999) cointegration tests between economic 
growth and knowledge-based economy factors. We use within-group and between-group 
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tests to check whether the panel data are cointegrated. The columns labelled within-
dimension contain the computed value of the statistics based on estimators that pool the 
autoregressive coefficient across different countries for the unit root tests on the estimated 
residuals. The columns labelled between-dimension report the computed value of the 
statistics based on estimators that average individually estimated coefficients for each 
country. Therefore, the ratios between economic growth and knowledge-based economy 
factors are cointegrated for the panel of all Muslim Gulf Countries.   
A long-run relationship between economic growth and knowledge-based economy factors 
is economically meaningful in that it suggests that Arabic Gulf Countries meet the long-run 
solvency condition. There is an existence of a cointegrating link between variables, it is 
convenient that economic growth and knowledge-based economy factors coefficient be 
estimated using a panel cointegrating estimator. In this paper, we choose to employ several 
panel cointegrating estimators such as Fully Modified OLS (FMOLS), the Dynamic OLS 
(DOLS) and the Pooled Mean Group (PMG). 
 
Table 2 
Panel unit root for Gulf Countries, 1980-2015 

 Individual Intercept Individual Intercept and Trend None 

Levin 
et al 

Im et. 
al 

Pesara
n (ADF) 

PP Levin 
et al 

Breitun
g 

Im et. 
al 

Pesara
n 

PP Levin 
et al 

Pesara
n (ADF) 

PP 

Stat Stat Stat Stat Stat Stat Stat Stat Stat Stat Stat Stat 

LGDPC 2.271 4.432 1.151 0.929 -
2.861* 

1.679 -0.841 18.292 9.961 4.959 0.472 0.304 

DLGDP
C 

-1.108 -
5.051* 

55.45* 99.923
* 

1.169 -
1.601*

** 

-
3.196*  

39.026
* 

80.941
* 

-
6.759* 

65.892
* 

117.12
8* 

LGCFC 0.821 2.774 2.450 3.688 -0.770 -0.030 0.153 10.435 13.001 3.161 0.764 0.541 

DLGCF
C 

-
4.510* 

-
5.321* 

55.075
* 

102.59
5* 

-
3.833* 

-
5.136* 

-
3.552* 

43.041
* 

86.157
* 

-
6.819* 

70.411
* 

131.31
9* 

LTRAD
E 

-
2.750*

* 

-
2.070*

* 

24.287
** 

27.140
** 

-
2.208*

* 

-1.033 -
1.692*

* 

22.216 16.378 -0.766 14.110 13.914 

DLTRA
DE 

-
7.294* 

-
7.884* 

86.048
* 

122.30
9* 

-
6.851* 

-
4.128* 

-
7.549* 

74.575
* 

359.68
7* 

-
10.121

* 

117.17
3* 

236.37
9* 

LTM 4.258 1.990 1.541 23.519
** 

20.219 -0.611 -0.464 12.139 53.475
* 

2.458 1.231 3.608 

DLTM 14.180 -
7.042* 

69.638
* 

46.887
* 

-
32.561 

-
3.028*

* 

-
10.316

* 

37.327
* 

306.15
6* 

-
7.080* 

51.432
* 

112.21
8* 

LENSC
N 

-
4.711* 

-
2.119*

* 

23.667
** 

79.957
* 

-
2.897*

* 

0.300 -0.495 13.140 21.039 5.425 0.400 0.020 

DLENS
CN 

-
6.335* 

-
5.825* 

57.625
* 

68.673
* 

-
4.902* 

-0.044 -
2.412*

* 

43.346
* 

59.050
* 

-
4.625* 

41.332
* 

48.381
* 

LJRNL -1.468 1.368 20.212 13.782 -
4.849* 

0.704 -
2.517*

* 

56.542
* 

10.594 4.481 0.941 0.651 

DLJRNL -
9.932* 

-
8.638* 

90.199
* 

114.95
3* 

-
7.647* 

-
4.648* 

-
7.897* 

78.354
* 

109.54
1* 

-
10.393

* 

105.16
4* 

124.55
0* 

LLF -1.296 2.116 11.460 0.400 -
7.453* 

-0.020 -
5.035* 

55.408
* 

3.164 2.908 2.609 0.006 

DLLF -
2.685*

* 

-
1.951*

* 

24.642
** 

13.803 -
1.558*

** 

-
1.864*

* 

-0.548 16.403 7.656 -
2.041*

* 

21.327
*** 

12.247 

Note: *, **, *** mean significant at 10%, 5% and 1% respectively. 
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Table 3 
Pedroni Panel cointegration test results, 1980 – 2015 

Within-dimension (panel) 

Test Statistic Weighted 
Statistic 

v -Stat -1.5764 -1.8414 

ρ -Stat        1.0966 0.9803 

PP-Stat        -5.6153* -6.6383* 
ADF-Stat -2.8730** -3.4282** 

Between-dimension (group) 

rho-Stat 2.0838 
PP-Stat -6.3138* 
ADF-Stat -1.6754** 

Notes: Results with a trend and time-dummies. The test statistics are normalised so that the 
asymptotic distribution is standard normal. *, **, *** indicate rejection of the null hypothesis 
of non-cointegration at the 10, 5, and 1 per cent significance levels. 

 
Panel Cointegration Estimations 
We estimate the cointegrating vector using three methods: FMOLS, DOLS and PMG 
estimators. Table 4 shows the regression result of the factors influencing the economic 
growth in Muslim Gulf countries for FMOLS, DOLS and OLS. The empirical result shows that 
the result is mixed between all models. Results of FMOLS indicate that 1% increase in capital, 
labour participation, education and innovation as a percentage of GDP increases by about 
0.50%, 1.92%, 0.32% and 0.24%, respectively in the Muslim Gulf Countries. Both OLS and 
FMOLS estimators exhibit a small sample bias; however, the estimators by DOLS seems to 
outperform the preceding models (Kao & Chiang, 2000). Kao and Chiang (2000) have 
discussed the advantages of DOLS estimators. To avoid such a tendency in our analysis, we 
have further applied the DOLS estimator to gauge the long-run relation. The DOLS result 
indicates that trade is significant to determine economic growth. The result also indicated 
that all of the three knowledge-based economies’ criteria, namely education, information and 
innovation, significantly influence the economic growth in the Gulf Countries. The final step 
in implementing an alternative methodology consists of the PMG approach proposed by 
Pesaran, Shin and Smith (1999). The PMG empirical result indicates that all factors are 
significant to determine economic growth in the Gulf Countries except trade and innovation. 
We found that only the education’s factor influences the Gulf economic growth for all three 
models for the knowledge-based economy factors. This shows that education plays an 
important role in improving economic growth in the Gulf region. However, the coefficient for 
education is very small for these three models. The study also found that innovation is very 
important in influencing the economic growth of the Gulf region. As well as education, the 
innovation coefficient is low in influencing the economic growth of the Gulf region. The study 
also shows that information is very significant in influencing economic growth. Nevertheless, 
information has a negative relationship with economic growth. It shows that people in the 
Gulf region mostly are consumers of technology and not those who take the benefits of 
information for income generation. 
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Table 4 
Pedroni Panel cointegration test results, 1981 – 2015 

Variables FMOLS DOLS PMG 
 Coeff t-stat Coeff t-stat Coeff t-stat 

LGCFC 0.505* 8.040 -0.159 -1.731 0.450** 3.147 
LLPRT 1.927* 5.349 -0.640 -1.537 2.345** 3.007 
LENSCN 0.321* 8.331 2.783* 14.969 0.574** 3.223 
LTRADE -0.040 -0.389 1.694** 10.651 -0.332 -0.767 
LTELFIX -0.097 -1.059 -2.519* -13.588 -0.564** -2.101 
LJRNL 0.247* 4.113 0.132** 2.711 0.011 0.067 
R2 0.976  0.999    
Adj R2 0.974  0.997  -0.121**  

Note: *, ** denote statistical significance at the 5 per cent and 1 per cent levels, respectively. 
 

Conclusion  
Knowledge-based economy is a new economic processing system on production, 
consumption, marketing and distribution based on knowledge, information, and technology. 
The knowledge-based economy was also found to increase the sum of investment through 
changes in the quantity and quality of delivery (Amin et al, 2013). Therefore, Arab Gulf 
countries wish to transform their production economy into a knowledge economy. Aware of 
this fact, this paper attempts to investigate the contribution of the knowledge-based 
economy to Arab Gulf countries’ economic growth.  
In this study, capital and labour are used as control variables. Both variables are proxies to 
the production economy. Meanwhile, we employed gross secondary enrollment to represent 
a pillar of education and skill for the knowledge economy. To represent a pillar of information 
infrastructure, we employed a total of telephones per 1000 people. Meanwhile, for a pillar of 
innovation, we employed the total of technical journal article per 1 million people.  
Our empirical results indicated that a knowledge-based economy plays a vital role in 
economic growth in the gulf region. In general, this study found that three knowledge-based 
economy criteria, education, information and communication technology (ICT) and 
innovation, significantly influence Arabic Gulf countries' economic growth. We found that the 
education’s factor influences the Gulf economic growth for all three models for the 
knowledge-based economy factors. This shows that education plays an important role in 
improving economic growth in the Gulf region. The study also found that innovation is very 
important in influencing the economic growth of the Gulf region. Like education, the 
innovation coefficient is low in influencing the economic growth of the Gulf region. In 
contrast, information has a negative relationship with economic growth. This shows that 
people in the Gulf region mostly are consumers of technology and not those who take the 
benefits of information for income generation.In order to be more competitive, the gulf 
countries have successfully channeled existinghuman resources towards a knowledge-based 
economy. The education system have proven to create a community that can support the use 
of technology. Increasing human capital quality can maximise the proficiency of a knowledge-
based economy. However, more effort should be carried out to increase the quality and level 
of education in the gulf countries. In addition, to compete globally, research and innovation 
should be in line with advances in technology and human resource development. First, 
increasing the quality of the education system pertaining to human resource development 
will produce a highly skilled workforce, which will help reduce the reliance on skilled foreign 
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workers. Second, the government should ensure their citizens become hardcore users of ICT 
and encourage them to be content developers. Third, more attempts should be done to 
increase the usage of information in generating income to boost the economy. The 
government and corporate sectors in the gulf countries could probably invest in big data and 
clouds to make use of available  information. 
Overall, this study provide theoretical implications and some insights relating to the 
knowledge economy pillars and the economic growth. Other researchers should be able to 
conduct more studies to understand how knowledge economy pillars can influence the 
economic growth in Arab Gulf Countries. The results obtained will be able to help the Arab 
Gulf Countries to devise their knowledge economy strategies. The findings of this study also 
give practical implications for the regulators in the Gulf countries as input for their effort to 
create an economic environment conducive to enhancing the level of knowledge and, hence, 
economic growth. 
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