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Abstract

This study aims to explore the determinant indicators for the labor market efficiency 
and the higher education and training factors that can help in increasing the produc-
tivity in labor market and the quality in higher education and training, as well as pays 
attention to important relative indicators to improve the relationship between them. 
To achieve these aims the canonical correlation analysis is used as a bidirectional tech-
nique that allows studying the mutual relationship between two factors by taking ad-
vantage of available reports from 2012 to 2018 published by World Economic Forum 
(WEF). 

The results indicate that the extent of staff training, internet access, quality of education, 
and quality of management schools are the most important indicators in higher educa-
tion and training and most correlated with labor market efficiency factor. The capacity 
to attract talent, pay and productivity, cooperation in labor-employer relations, and 
reliance on professional management are the most important indicators in labor mar-
ket efficiency and the most correlated with higher education and training factor. The 
commonality analysis gives interesting results and shows that the explained variance 
in labor market efficiency and higher education and training depends on common 
indicators rather than a unique indicator.
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INTRODUCTION

The countries recognize that good higher education and training can 
significantly increase economic competitiveness. Recent researches 
suggest that the quality of higher education and training is strongly 
related to higher income and economic growth where the former can 
have a role in preparing youth for work and enhancing the skills of stu-
dents to the labor market (Schoellman, 2012; Hanushek, 2013; Kaarsen, 
2014; Manuelli & Seshadri, 2014; Assaad & Krafft, 2016; Dalton & Smith, 
2004; Kucczera & Field, 2010; Assaad, Krafft, & Salehi-Isfahani, 2018). 
The people who leave education often enter the labor market unpre-
pared and experience difficulties in getting and job and are more likely 
to end up in low-quality jobs (Garcia & Fares, 2008). Although many 
factors influence economic growth, such as political stability, govern-
ance and productivity, higher education institutions play an important 
role in supporting economic growth and encouraging social society 
participation not only due to their ability to produce and distribute 
knowledge but also to attract many students and people to learn them 
and create new skills (Pages & Stampini, 2009; Assaad et al., 2018).
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Higher education and training are very important pillars for economies, especially modern globaliza-
tion requires well-educated people who can adapt rapidly to fast-changing technology environment. 
This pillar measures the quality of education in terms of quality of the education system, quality of 
math and science education, quality of management school, and secondary and tertiary enrolment rate. 
Moreover, this pillar takes into consideration the extent of staff training that plays an important role 
in updating people’s skills (Boeri & Garibaldi, 2007; Porter & Schwab, 2008). Labor market efficiency 
is a critical pillar for ensuring that the workers are in the most productive place for skill sets. The first 
point in the efficient labor market is its flexibility to promote productivity, rules, and regulations for 
fire workers and policy to attract and retain the best talents. Also, the labor market should be flexible to 
switch workers from one sector to another quickly at a low cost and allow wages to vary without social 
disruption (Dolado, Ortigueria, & Stucchi, 2012; Porter & Schwab, 2008).

This study explores the determinant indicators of higher education and training and labor market ef-
ficiency, as well as pays attention to the important relative indicators that exist in both education and 
labor market factors. Canonical correlation is used to capture the maximum correlation between educa-
tion and labor market factors in terms of canonical correlation functions. The standardized coefficients 
and loading are obtained to determine the most important indicators in each factor. The cross-load-
ing is used to study the impact of each indicator in one group on the canonical variate in other group. 
Redundancy is obtained to reflect the amount of variance in the original variables of one set of variables, 
which is explained by the canonical variate of other set of variables. Commonality analysis is used to 
demonstrate the canonical impacts made by using the variables in each canonical set to partition the 
variance of canonical variates produced from other canonical set. 

The current study is useful for decision-makers in the MENA countries where it can help in improving 
labor market efficiency factor through education and training factor and consequently increase employ-
ability and economic growth in these countries. Moreover, if these countries can attract more talented 
workers and retain them, this surely will improve the relationship between education and labor market. 

This study is organized as follows. The literature review is discussed in Section 1. The research method-
ology is provided in Section 2. The data analysis and the results are presented in Section 3. Final section 
is devoted to the conclusion.

1. LITERATURE REVIEW

Human capital theory is introduced by Becker 
(1962) who argued that workers have many skills 
and abilities, which they can improve through ed-
ucation and training. If human capital increases 
with extra education, the value of workers should 
theoretically increase in proportion to the amount 
of education they have obtained. According to 
Mincer and Polachek (1974), Rosen (1983), and 
Becker (1993), the human capital theory has pre-
sented the higher education and training as both 
public and private investment decision. The basic 
argument is that investing in education and train-
ing increases productivity, social stability, bet-
ter-paying jobs, reduces waiting time to get a job 
and better lifestyle that lead to economic growth. 
Later, Saunders, and Machell (2000) developed 

the neo-correspondence theory promoting the re-
lationship between students’ experience and the 
labor market. The neo-correspondence theory 
concerns with increasing the skills that provide an 
image of what work is currently and what should 
be likely in the future by giving a high value to so-
cial skills, attitudes, motivation, broad knowledge, 
and flexibility (Nicolescu & Paun, 2009).

Arthur (2006) and Little (2007) have considered 
the nature of graduate work that had significant 
changes, and they required higher education in-
stitutions to develop new skills and abilities in 
their students that are demanded by labor market 
(Nicolescu & Paun, 2009). For example, Arthur 
(2006) listed some skills required by employers 
such as analytical skills, social skills, manage-
ment skills, ability to learn, and presentation skills. 
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Moreover, from Nicolescu and Paun (2009), Little 
(2007) named ten highly required skills at labor 
market, among them: effective use of time, work-
ing under pressure, coordinate activities, work 
productivity with others and rapidly acquire new 
knowledge. One of the yield aspects of higher ed-
ucation quality, the movement of students to work, 
is somewhat affected by the correspondence be-
tween the skills and abilities created during uni-
versity studies and the ones required by labor mar-
ket. In this regard, Kehm (1997) conducted a study 
on 12 nations in order to analyze the movement 
from higher education to work (Teichler, 1999; 
Teichler & Schomburg, 2006). 

In the REFLEX study, conducted in Europe during 
the period 2004–2007 in 16 countries, Allen and 
Velden (2007) found that five spheres of compe-
tence for students’ success were: professional exper-
tise, functional flexibility, innovation and knowl-
edge management, mobilization of human resourc-
es, and international orientation. Also, the study 
mentioned that the graduates must be prepared by 
higher education to be willing to do specific tasks, 
not fundamentally the desired specialization in 
which they have been prepared. The REFLEX study 
ascertained that the courses should enhance on the 
quality of professional ability in conjunction with 
student-oriented strategies and should not disre-
gard strategies emphasizing knowledge (Allen & 
Velden, 2007). It is worth to mention that everyone 
does not completely join the faith that the generic 
skills should be given predominance in higher ed-
ucation. For example, Teichler (1999) noticed that 
the employers in their recruitment forms estimate 
the role of social ability and personality parts more 
than the cognitive aptitudes and the knowledge ba-
sis parts for specialization areas. 

Garcia and Fares (2008) highlighted the effect of 
globalization and the technological changes on 
the labor market, where they focused on adapt-
ability that plays an important role in the chang-
es where the higher education institutions must 
deal with rapid changes in the technology. Fofack 
(2009) defined globalization as a significant reduc-
tion of time-scale in the movement of goods, cap-
ital, and knowledge in a spherical space, despite 
the constant distance between source country and 
final destination, as a result of technological ad-
vances and increasing interdependence and con-

nectivity of world markets. Due to globalization, 
there is a competition and more demand for high-
skilled and flexible labor force both in large and 
small companies. Pages and Stampini (2009) em-
phasized a relationship between education and the 
labor market where education is a tool for reduc-
ing unemployment rates and poverty.

World Bank regional report (2010 and 2011) about 
MENA region identified the following reasons that 
prevent graduate students from getting a job: (a) 
the weakness of private sector: it recognized the 
problems of arbitrariness and unfair application of 
the “rules of the game” as the key issues that con-
straint private sector growth; (b) mismatch skills: 
it suggested that businesses listed worker skills and 
education among their top five business restric-
tions in the area. Employers communicate their 
satisfaction not only with shortcomings in rele-
vant experience and technical skills but also with 
soft skills such as personality traits, social graces, 
leadership abilities, language, and personal habits. 
Thisse and Zenou (2000) state that unemployment 
is a result of the mismatch between the skills pro-
duced by the education and the demand of the la-
bor market; (c) dominance of public section: de-
spite the actual fact that the utilization growth 
of the general public section has slowed in recent 
years, public section employment still accounts for 
an outsized share of all formal sector employment 
in many countries in North Africa; (d) regulation 
and labor taxes: terminating guidelines in MENA 
remain very severe and redundancy cost remains 
high. While the end of laborers because of excess 
is lawfully approved in all MENA countries, most 
countries have complex guidelines that require 
notice, support, and endorsement for dismissals; 
(e) innovation and investments: MENA countries 
require improvements in the investment environ-
ment that favor innovation-based competition 
and commerce entry and exit. Also, MENA coun-
tries require to capitalize on diasporas overseas 
by displaying more extensive measures to sup-
port the link of high-skilled diasporas in research 
and innovation ventures in higher education and 
companies. Besides, it is important to develop to 
methods to increase the quality of tertiary educa-
tion institutions and introduce entrepreneurship 
skills and commerce training in education mod-
ule across specializations that can enhance crea-
tivity and innovative thinking. 
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Tellegen (2013) used the human capital theory to 
analyze this relationship in Sub-Saharan Africa. 
A case study of the “The Netherlands Initiative 
for Capacity Development in Higher Education 
(NICHE)” program highlighted this relationship 
and showed how they related training and edu-
cation with the demand of labor market. He con-
cluded to the necessity in the improvements of the 
relationship between education and labor market. 
Boccanfuso et al. (2015) studied the relationship 
between quality of higher education and the labor 
market in Senegal where they used a large-scale 
reform launched in Senegal in 2000 to obtain dif-
ference in the estimates that suggested skilled 
workers experience 9%-point employment gain 
to young workers better than older workers. More 
recently, Assaad et al. (2018) studied the relation-
ship between the type of higher education and la-
bor market outcomes in Egypt and Jordan. They 
investigated the effect of the type of higher edu-
cation institution an individual attend on many 
labor market outcomes. They concluded that sup-
ply-side issues and institutional incentives had 
minimal effect on labor market outcomes, while 
family relationship has the most important role 
and they suggested increasing the role of the pri-
vate sector in the higher education. 

This study is unique and different from others in 
terms of study indicators where many of them not 
used in previous studies, MENA region with 18 
countries and canonical correlation method. 

2. RESEARCH METHODOLOGY

A brief discussion is given to canonical correlation 
analysis that measures the linear relationship be-
tween two different groups of indicators. The data 
collection and indicators of the study factors are 
also discussed.

2.1. Canonical correlation analysis 

Canonical correlation analysis is an advantageous 
technique to study and measure the rapport be-
tween two groups of variables, and each group con-
sisting of two or more indicators. The canonical 
correlation analysis characterizes the orthogonal 
linear combinations of the variables called canon-
ical functions inside each group that can clarify 

the relationship between and within two groups. 
For example, if we have two groups of variables 

( )1
,..., ,pV V V=  which has p  indicators and 

( )1
,..., ,qZ Z Z=  which has q  indicators, the ca-

nonical correlation analysis can obtain the orthog-
onal linear combinations of V  and Z  that have 
the highest value of correlation with each other 
as M a V′=  and .H b Z′=  Note that the high-
est number of canonical functions (M and H) that 
can be found equals the least variables in any group 

( ), .p q  For example, if the first group consists of 8 
indicators and the second group consists of 10 indi-
cators, the maximum canonical functions that can 
be obtained are ( )8,10 8=  (Dattalo, 2014; Knapp, 
1978; Stevens, 1996; Hair, Anderson, Tatham, & 
Black, 1998; Warner, 2008; Mousa & Elamir, 2019). 

2.2. Data collection  
and study indicators

Canonical correlation analysis has been imple-
mented based on the annual global competitive-
ness reports issued by World Economic Forum 
(WEF). This is an international organization 
founded in 1971 as a not-profit organization. WEF 
set up the global competitive index (GCI) that 
measures the level of nation’s competitiveness us-
ing twelve pillars to obtain a competitive ranking 
in each pillar and overall ranking among countries 
(Porter & Schwab, 2008). The current study used 
WEF reports from 2012 to 2018 to elicit the scores 
for the two groups of pillars from GCI, namely, 
Higher education and training and labor market 
efficiency for 18 countries in the Middle East and 
North Africa (MENA), namely, Algeria, Armenia, 
Azerbaijan, Bahrain, Cyprus, Egypt, Georgia, 
Jordan, Kuwait, Lebanon, Morocco, Oman, Qatar, 
Saudi Arabia, Tunisia, Turkey, United Arab 
Emirates, Yemen. Some other countries are ex-
cluded because of partially or fully unavailable da-
ta, such as Libya, Syria, and Iraq. Therefore, the 
sample size that used in study is 126. 

Moreover, Table 1 shows that the labor market effi-
ciency factor includes 10 indicators and higher ed-
ucation and training factor includes 8 indicators. 
Note that MENA countries have a wide range of 
economics and incomes where there are high-in-
come countries such as Gulf countries, meddle-in-
come countries such as Egypt and Jordan, and 
low-income countries such as Yemen. 
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3. DATA ANALYSIS  

AND THE RESULTS

R-software packages “candisc” and “yacca” are 
used to perform the canonical correlation analysis. 
Overall model fit, standardization, loading, cross 
loading, redundancy, and commonality analysis 
are obtained using these two packages (Friendly & 
Fox, 2017; Butts, 2018).

3.1. Overall model fit

The canonical correlation (CanR) ref lects the 
strength of the relationship between the pairs 
of variates that maximize the correlation be-
tween X-indicators and Y-indicators (Dattalo, 
2014, Forsyth, 2019). Table 2 gives the correla-
tion among the eight canonical variates. The 
canonical correlation (CanR) between the first 

Table 1. Higher education and training and labor market efficiency factors and their indicators

No.  Indicator Notation Description
First group: Higher education and training (X)

1
Secondary education 
enrolment rate gross %

X1 Gross secondary education enrolment rate

2
Tertiary education enrolment 
rate gross %

X2 Gross tertiary education enrolment rate

3
Quality of the education 
system

X3
How well does the educational system in your country meet the needs of a 
competitive economy? [1 = not well at all; 7 = very well]

4
Quality of math and science 

education X4
How would you assess the quality of math and science education in your 
country’s schools? [1 = poor; 7 = excellent – among the best in the world]

5
Quality of management 

schools
X5

How would you assess the quality of management or business schools in your 
country? [1 = poor; 7 = excellent – among the best in the world]

6 Internet access in schools X6
How would you rate the level of access to the Internet in schools in your 
country? [1 = very limited; 7 = extensive]

7 Local availability of specialized 
training services X7 In your country, to what extent are high-quality, specialized training services 

available? [1 = not available; 7 = widely available]

8 Extent of staff training X8
To what extent do companies in your country invest in training and employee 
development? [1 = hardly at all; 7 = to a great extent]

Second group: Labor market efficiency (Y)

1
Cooperation in labor-
employer relations Y1

How would you characterize labor-employer relations in your country? 
[1=generally confrontational; 7=generally cooperative

2
Flexibility of wages 
determination Y2

How are wages generally set in your country? [1 = by a centralized bargaining 
process; 7 = up to each individual company]

3 Hiring and firing practices Y3
How would you characterize the hiring and firing of workers in your country? [1 = 
impeded by regulations; 7 = flexibly determined by employers]

4
Redundancy costs, weekly 
wages

Y4

This variable estimates the cost of advance notice requirements, severance 
payments, and penalties due when terminating a redundant worker, expressed 
in weekly wages

5
Effect of taxation on work 
incentives Y5

In your country, to what extent do taxes and social contributions reduce the 
work incentive? [1=to a great extent; 7=not at all]

6 Pay and productivity Y6
To what extent is pay in your country related to productivity? [1 = not related to 
worker productivity; 7 = strongly related to worker productivity]

7 Reliance on professional 

management
Y7

In your country, who holds senior management positions? [1 = usually relatives 
or friends without regard to merit; 7 = mostly professional managers chosen for 
merit and qualifications]

8
Country’s ability to retain 
talents

Y8

To what extent does your country retain talented people? [1 = not at all – the 
best and brightest leave to pursue opportunities abroad; 7 = to a great extent – 
the best and brightest stay and pursue opportunities in the country]

9
Country’s ability to attract 
talents

Y9

To what extent does your country attract talented people from abroad? [1 = not 
at all; 7 = to a great extent – attracts the best and brightest from around the 
world]

10
Women in labor force, ratio 
to men

Y10
Ratio of female participation in the labor force (%) to male participation in the 
labor force (%)

Note: World Economic Forum (n.d.).
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two canonical variates is 0.975, between the 
second two canonical two variates – 0.778 till 
the last canonical correlation 0.209. Not all the 
eight canonical correlations are statistically sig-
nificant where the usual practice is to decide 
functions that canonical correlation coefficient 
is less than 5% level of significance.

Table 2 shows Wilk’s likelihood ratio test (LR test 
stat) and corresponding F-tests (p-values Pr(> F)) 
were used to test the null hypothesis that canon-
ical correlations coefficients for all functions are 
zero. It is clear that the first six canonical corre-
lations are significant at 5% level of significance 
(p-values < 0.05). 

Table 2. Results of null hypothesis testing

CanR LR test Approx F Num DF Den DF
p-values 

Pr(> F)

0.975 0.004 12.128 80 693.55 0

0.778 0.078 5.625 63 620 0

0.708 0.198 4.420 48 545.31 0

0.593 0.398 3.284 35 469.36 0

0.437 0.614 2.446 24 391.93 0.001

0.369 0.759 2.183 15 312.34 0.007

0.283 0.879 1.893 8 228 0.062

0.209 0.956 1.757 3 115 0.159

Also, CanRSQ, given in Table 3, demonstrates the 
amount of variance in one canonical variate ac-
counted for by the other variate. Table 3 shows 
that about 95% of variance in Xcan1 accounted for 
by the Ycan1, about 61% of variance in Xcan2 ac-
counted for by the Ycan2, about 50% of variance 
in Xcan3 accounted for by the Ycan3 till the last 
canonical variate. 

Eigenvalue represents the shared variance be-
tween the two canonical variates. Table 3 shows 
that the Xcan1 is sharing with Ycan1 most of 
the variance about 19.15 from about 22.76 
(about 84.15 % from total), the Xcan2 is sharing 
with Ycan2 about 1.533 of variance from about 
22.76 (about 6.7% from total) till the last one. 
Moreover, the first three canonical variates are 
sharing about 95.3% of variance from total var-
iance (Cum column in Table 3). 

Table 3. Canonical square, eigen, percent and 
cumulative (Cum)

CanR CanRSQ Eigen Percent Cum

0.975 0.950 19.156 84.147 84.15

0.778 0.605 1.533 6.734 90.88

0.708 0.501 1.004 4.413 95.29

0.593 0.352 0.544 2.391 97.69

0.437 0.191 0.235 1.035 98.72

0.369 0.136 0.158 0.694 99.41

0.283 0.080 0.087 0.384 99.80

0.208 0.043 0.045 0.201 100

3.2. Standardized coefficients

Explaining the relative contribution of an indica-
tor by its canonical coefficient is subject to criti-
cism unless all indicators have the same units. The 
standardized canonical coefficients are more reli-
able and give comparable results. Indicators with 
bigger standardized canonical coefficients give a 
share more to the variates. Moreover, indicators 
that standardized canonical coefficients have dif-
ferent signs show reverse relationship with each 
other, and indicator with standardized canonical 
coefficients of the same sign shows a direct relation-
ship (Jendoubi & Strimmer, 2019; Dattalo, 2014).

Figure 1 displays the standardized canonical co-
efficient and loading for the first canonical Xcan1 
and Ycan1. Also, Table 4 gives the standardized 
canonical coefficients for the first six (significant) 
functions. For the higher education and training 
indicators x8 is most important, where it has the 
highest absolute coefficients, followed by x6, x4, x5, 
x2, x1, x3, and x7, respectively, in terms of Xcan1. 
For example, a one standard deviation increase in 
x8 leads to a –0.589 standard deviation increase 
in the score of the first canonical variate (Xcan1) 
when the other indicators hold constant. 

Table 4. Standardized canonical coefficients  
for higher education and training indicators

Indicator Xcan1 Xcan2 Xcan3 Xcan4 Xcan5 Xcan6
x1 –0.129 –0.192 –0.342 0.753 –1.019 0.448

x2 0.171 0.350 –0.128 –0.002 0.955 0.365

x3 –0.115 1.470 2.538 –0.432 –1.047 –2.120

x4 –0.279 1.171 –1.302 –0.928 –0.355 2.109

x5 0.265 –1.107 –0.960 2.201 0.853 –1.262

x6 –0.313 –0.556 –1.332 –1.588 0.470 –1.258

x7 0.061 –0.744 0.509 0.369 –0.151 0.733

x8 –0.589 –0.010 0.470 0.195 0.916 1.594
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Figure 1 displays the standardized coefficient and 
loading for the first canonicals Xcan1 and Ycan1. 
Also, Table 5 gives the standardized canonical co-
efficients for the first six (significant) functions. 
For the labour marketing efficiency indicators and 
regarding the sign, y9 is the most important indi-
cator, followed by y2, y6, y1, y5, y3, y4, y8, y10, and 
y7, respectively, in terms of Ycan1. For example, a 
one standard deviation increase in y9 leads to a 

–0.460 standard deviation increase in the score of 
first canonical variate (Ycan1) when the other in-
dicators hold constant.

3.3. Structure coefficients

The canonical structure (loading) measures the 
linear correlation between an observed variable in 
the Xcan or Ycan and that set canonical variate 
(Sharma, 1996; Hair et al., 1998). Figure 1 shows 
the standardized coefficient and loading for the 
first canonical Xcan1. Also, Table 6 gives the load-
ing between higher education and training indi-
cators and its canonical variates (Xcan). The most 
correlated indicator is x8 (–0.963) with Xcan1, fol-
lowed by x6 (–0.925), x3 (-0.846), x7 (–0.832), x5 

Figure 1. Canonical correlation, loading and standardized canonical coefficients  
for first canonical variates (Xcan1 and Ycan1)

y1
loading = –0.891

y2
loading = –0.446

y3
loading = –0.648

y4
loading = –0.472

y5
loading = –0.809

y6
loading = –0.895

y7
loading = –0.871

y8
loading = –0.261

y9
loading = –0.919

y10
loading = –0.256

x1
loading = –0.561

x2
loading = 0.097

x3
loading = –0.846

x4
loading = –0.711

x5
loading = –0.716

x6
loading = –0.925

x7
loading = –0.832

x8
loading = –0.963

Xcan1 Ycan1

–0.129

0.171

–0.115

–0.279

0.265

–0.313

0.061

–0.589

0.975

0.340

–0.111

–0.085

–0.171

–0.333

0.012

0.027

–0.460

–0.013

–0.219

Table 5. Standardized canonical coefficients for labor market efficiency indicators

Indicator Ycan1 Ycan2 Ycan3 Ycan4 Ycan5 Ycan6
y1 –0.219 0.959 1.307 –1.046 –0.651 0.510

y2 0.340 –0.807 0.286 –0.663 0.891 –0.161

y3 –0.111 0.170 –0.399 0.182 –0.284 –0.623

y4 –0.085 0.313 –0.270 –0.356 0.296 0.076

y5 –0.171 0.118 –0.106 1.089 –0.185 –0.211

y6 –0.333 0.862 0.485 1.053 0.625 –0.657

y7 0.012 –0.352 –1.249 –0.570 1.086 0.919

y8 0.027 0.011 0.304 –0.094 0.269 0.867

y9 –0.460 –1.288 –0.101 0.128 –1.215 –0.249

y10 –0.013 –0.520 –0.598 –0.554 –0.331 –0.215
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(–0.716), x4 (–0.711), x1 (–0.561) and x2 (0.517) 
with Xcan1, Xcan1, Xcan1, Xcan1, Xcan1, Xcan1, 
and Xcan2, respectively. It can be noticed that the 
higher education and training indicators contrib-
ute to two dimensions Xcan1 and Xcan2. 

Table 7 gives the loading between labor market 
efficiency indicators and its canonical variates 
(Ycan). The most correlated indicator is y9 (–0.919) 
with Ycan1, followed by y6 (–0.895), y1 (–0.891), 
y7 (–0.871), y5 (–0.809), y3 (–0.648), y10 (–0.583), 
y8 (0.572), y4 (0.537), and y2 (–0.449) with Ycan1, 
Ycan1, Ycan1, Ycan1, Ycan1, Ycan4, Ycan6, Ycan2, 
and Ycan5, respectively. It can be noticed that the 
labor market efficiency indicators contribute to 
five dimensions Ycan1, Ycan2, Ycan4, Ycan5, and 
Ycan6. 

Cross-loading is the linear correlation between the 
original variables in one variable group with the 
canonical variate in other variable group. Figure 
2 shows the cross-loading for the first canonical 
variates. Table 8 shows the cross-loading between 
higher education and training indicators and la-
bor market efficiency canonical variates (Ycan). 
The most correlated indicator is x8 (–0.939) with 
Ycan1, followed by x6 (–0.902), x3 (–0.825), x7 
(–0.811), x5 (–0.698), x4 (–0.694), x1 (–0.547), and 
x2 (0.402) with Ycan1, Ycan1, Ycan1, Ycan1, Ycan1, 
Ycan1, and Ycan2, respectively. In relation with 
Ycan, the higher education and training indicators 
contribute to two dimensions (Ycan1 and Ycan2).

Table 9 shows the cross-loading between labor 
market efficiency indicators and higher education 

Table 6. Loading of higher education and training indicators 

Indicator Xcan1 Xcan2 Xcan3 Xcan4 Xcan5 Xcan6
x1 –0.561 0.073 –0.328 0.090 –0.399 0.159

x2 0.097 0.517 –0.291 –0.003 0.366 0.179
x3 –0.846 0.400 0.013 0.206 0.104 –0.182
x4 –0.711 0.495 –0.215 0.259 0.126 –0.057
x5 –0.716 0.269 –0.158 0.457 0.242 –0.231
x6 –0.925 0.011 –0.226 –0.106 0.119 –0.145
x7 –0.832 0.042 0.038 0.188 0.226 0.045

x8 –0.963 –0.059 0.140 0.098 0.183 0.057

Table 7. Loading of labor market efficiency indicators

Indicator Ycan1 Ycan2 Ycan3 Ycan4 Ycan5 Ycan6
y1 –0.891 0.003 0.251 –0.300 0.039 –0.069
y2 –0.447 –0.439 0.414 –0.243 0.449 –0.336
y3 –0.648 –0.073 0.091 –0.293 0.058 –0.354
y4 –0.472 0.537 –0.247 –0.254 0.142 0.074
y5 –0.809 –0.160 0.018 0.161 0.032 0.008

y6 –0.895 –0.044 0.100 –0.038 0.311 –0.213
y7 –0.871 –0.160 –0.155 –0.014 0.353 0.097
y8 –0.261 –0.212 0.207 –0.161 –0.117 0.572
y9 –0.919 –0.330 0.151 0.056 0.049 0.049

y10 –0.256 –0.124 –0.394 –0.583 –0.361 –0.204

Table 8. Cross-loading of higher education and training indicators with labor market efficiency 
canonical variates (Ycan)

Indicator Ycan1 Ycan2 Ycan3 Ycan4 Ycan5 Ycan6
x1 –0.547 0.056 –0.233 0.053 –0.174 0.059

x2 0.094 0.402 –0.206 –0.002 0.160 0.066

x3 –0.825 0.311 0.009 0.122 0.045 –0.067
x4 –0.694 0.385 –0.152 0.154 0.055 –0.021
x5 –0.698 0.209 –0.112 0.271 0.106 –0.085
x6 –0.902 0.009 –0.160 –0.063 0.052 –0.053
x7 –0.811 0.032 0.027 0.112 0.099 0.017
x8 –0.939 –0.046 0.099 0.058 0.080 0.021
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and training canonical variates (Xcan). The most 
correlated indicator is y9 (–0.895) with Xcan1, 
followed by y6 (–0.873), y1 (–0.868), y7 (–0.850), 
y5 (–0.788), y3 (–0.631), y4 (0.460), y2 (–0.435), 
y10 (–0.346), and y8(–0.255) with Xcan1, Xcan1, 
Xcan1, Xcan1, Xcan1, Xcan1, Xcan1, Xcan4, and 
Xcan1, respectively. In terms of cross-loading, the 
labor market efficiency indicators contribute to 
two dimensions only (Xcan1 and Xcan4). 

3.4. Redundancy and commonality

Redundancy is the amount of variance in the 
original variables of one group of indicators 
that is explained by the canonical variate of the 

other group of indicators. High value of redun-
dancy indicates high predictive power of the 
model (Dattalo, 2014; Forsyth, 2019; Nimon, 
Henson, & Gates, 2010). Table 10 shows that 
Xcan1 can predict about 55% of variances in the 
labor market indicators. About 6% of variances 
in labor market indicators can be explained by 
Xcan2 till the last one. In total, all X canoni-
cal variates can explain about 66% of variances 
in labor market indicators. Moreover, Ycan1. In 
other words, Ycan1 can predict about 46% of 
variances in the higher education and training 
factor. About 4% of variances in higher educa-
tion and training indicators can be explained by 
Ycan2 till the last one. In total, all Y canonical 

Figure 2. Canonical correlation and cross-loading for first canonical variates (Xcan1 and Ycan1)
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Table 9. Cross-loading of labor market efficiency indicators with higher education and training 
canonical variates (Xcan)

Indicator Xcan1 Xcan2 Xcan3 Xcan4 Xcan5 Xcan6
y1 –0.868 0.003 0.177 –0.178 0.017 –0.026
y2 –0.435 –0.342 0.293 –0.144 0.196 –0.124
y3 –0.631 –0.057 0.065 –0.174 0.025 –0.131
y4 –0.460 0.418 –0.175 –0.151 0.062 0.027
y5 –0.788 –0.124 0.013 0.095 0.014 0.003

y6 –0.873 –0.035 0.071 –0.023 0.136 –0.079
y7 –0.850 –0.124 –0.110 –0.008 0.154 0.036

y8 –0.255 –0.165 0.147 –0.095 –0.051 0.211

y9 –0.895 –0.257 0.107 0.033 0.021 0.018

y10 –0.249 –0.097 –0.279 –0.346 –0.158 –0.075
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variates can explain about 58% of variances in 
higher education and training indicators. 

Table 10. Redundancy for canonical variates Xcan 
and Ycan

Variate Redundancies Variate Redundancies

Xcan1 0.549 Ycan1 0.459

Xcan2 0.057 Ycan2 0.043

Xcan3 0.021 Ycan3 0.028

Xcan4 0.017 Ycan4 0.025

Xcan5 0.011 Ycan5 0.011

Xcan6 0.003 Ycan6 0.009

Xcan7 0.004 Ycan7 0.004

Xcan8 0.005 Ycan8 0.001

Total 0.657 Total 0.580

Commonality analysis can illustrate the canoni-
cal effects made by using the indicators in a given 
canonical group to partition the variance of ca-
nonical variates produced from other canonical 
group. These partitioning canonical variates can 
be divided to unique and common effects. Nimon 
et al. (2010) stated that a canonical commonality 
unique effect is computed as a squared correlation 
between the canonical variate for a given canon-

ical set and a variable of interest in the other ca-
nonical set. A canonical commonality common ef-
fect is computed as a squared correlation between 
the canonical variate for a given canonical set and 
a set of variables of interest from the other canon-
ical set after subtracting all unique effects and the 
variance explained by any other sets of variables.

Table 11 shows the partitioning of higher educa-
tion and training canonical first variate by the 
variables in the labor market efficiency and the 
partition of labor market efficiency canonical 
first variate by the variables in the higher educa-
tion and training indicators. The values indicate 
how much variance was explained uniquely and 
in common by the indicators and the % total indi-
cates the percentage of variance explained out of 
the observed canonical effect. Table 11 reveals that 
the higher education and training variate was ex-
plained by variance common to y1, y2, y3, y5, y6, 
y7 (15.28%) of canonical effect, followed by y1, y5, 
y6, y7, y9 (13.02%), while the unique contribution 
of these indicators is very low. Also, Table 11 indi-
cates that the labor market efficiency variate was 
explained by variance common to x3, x4, x5, x6, 
x7, x8 (30.46%) of canonical effect, followed by x1, 
x3, x5, x6, x7, x8 (20.43%), while the unique contri-
bution of these indicators is very low. 

Table 11. Partitioning of the variances of canonical variates to unique and common effects based on 
commonality analysis

Partitioning of function X canonical variate Partitioning of function  
Y canonical variate

 Indicator Unique % total Indicator Unique % total

y1 0.0080 0.84 x1 0.0070 0.74

y2 0.0464 4.88 x2 0.0174 1.83

y3 0.0034 0.36 x3 0.0010 0.11

y4 0.0046 0.49 x4 0.0063 0.67

y5 0.0084 0.88 x5 0.0071 0.74

y6 0.0118 1.24 x6 0.0131 1.38

y7 0 0 x7 0.0006 0.06

y8 0.0004 0.04 x8 0.0465 4.89

y9 0.0275 2.89

y10 0.0031 0.46

Highest three commons Highest three commons

y1, y4, y5, y6, y7, y9 0.0794 8.36 x3, x6, x7, x8 0.0494 5.20

y1, y5, y6, y7, y9 0.1237 13.02 x1, x3, x5, x6, x7, x8 0.1941 20.43

y1, y2, y3, y5, y6, y7 0.1452 15.28 x3, x4, x5, x6, x7, x8 0.2895 30.46
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CONCLUSION

The canonical correlation analysis is used as a bidirectional technique to explore the determinant fac-
tors and analyze the relationship between higher education and training and labor market efficiency 
in MENA countries using data from reports published from 2012 till 2018 by World Economic Forum 
(WEF). The results from loading and cross loading coefficients have suggested that the most relative 
important indicators in education are the extent of staff training, internet access, quality of education, 
quality of management schools and local availability of specialized training services, quality of math 
and science education, secondary education and tertiary education enrolment, while the most impor-
tant indicators in labor market efficiency are the capacity to attract talent, pay and productivity, cooper-
ation in labor employer relations, reliance on professional management, effect of taxation on incentives 
to work, hiring and firing practices, women in labor, country’s ability to retain talent, redundancy cost, 
and flexibility of wage determination.

The commonality analysis gives more interesting results and suggests that a unique indicator has very 
low percentage of explained variance, while the large percentage of explained variance back to com-
mon indicators. The commonality analysis has indicated that the labor market efficiency factor was 
explained mostly by quality of education system, quality of math and science education, quality of man-
agement school, internet access, local availability of specialized training system, extent of staff train-
ing. The higher education and training factors were explained mostly by cooperation in labor employer 
relations, flexibility of wage determination, hiring and firing practices, effect of taxation on incentives 
to work, pay and productivity, reliance on professional management. Therefore, the decision-makers in 
MENA countries could benefit from this study by considering the most important indicators in each 
group to quickly improve the higher education and training and the labor market efficiency factors and, 
consequently, boost economic growth.
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