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Abstract  
Increasingly questions arise regarding the educational process and which factors are of key 
importance to increase the quality of education. According to Clare Kosnik, "Quality in education 
depends directly on the quality of teachers and the quality of the curriculum." However, to what extent 
is this true? It is known that, many agents intervene in the educational process as the quality of 
curriculum, students, teachers, teaching methods, governance, financing, evaluation and linkage with 
other apex institutions. In this sense, it is interesting to analyse how the quality of education should be 
evaluated, as a direct consequence of teacher training, the results of students, the conditions and 
strategies in which teaching is developed, or an evaluation in which all do these aspects interfere.  

This work aims to address one of the above questions, which causes major debates among 
educational analysts: to what extent do education level and research outcomes of teachers interfere 
with the skills and performance of higher education students? Specifically, we examined 165 higher 
education institutions (HEI), public and private, in Colombia in the year of 2016. The Colombian HEI 
system is composed of technical institutes focused on vocational education, university institutions 
focused on technological education, and universities focused on under-graduate degrees (e.g. 
bachelor or diploma) and post-graduate degrees (e.g. specialisation, master or doctorate). The data 
include twelve variables: six variables related with teacher education level and research outcomes (i.e. 
teachers with specialisation, teachers with masters, teachers with doctorate, teachers without 
postgraduate, number of citations and intellectual production score) and six variables related with 
student performance (i.e. quantitative reasoning, critical reading, written communication, employability 
and postgraduate ingresses). 

A canonical correlation analysis (CCA) was executed to explore relationship between academic 
qualification of teachers of higher education and performance of their students, aiming to identify the 
main canonical structures between them. Previously a methodology filtering were used to deal with 
outliers and Box-Cox transformations were applied to transform non-normal variables in near normal 
ones. Statistical tests based on Wilks Lambda, Hotelling-Lawley Trace, Pillai-Bartlett Trace and Roy's 
Largest Root was applied in order to test for statistical significance of canonical correlation 
coefficients. These approaches identify the degree and the most relevant relationships between 
variables of teacher training/research and variables of student performance in higher education. 
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1 INTRODUCTION  
Every day the relevance of studying the educational system from all its aspects increases. For many 
analysts, student of higher education have the total responsibility of their academic results and 
therefore control the possibilities of a good academic future. Is common to think that an adequate 
curriculum, methodologies that are effective for learning of the topics of study and academic activities 
increasingly adjusted to reality, can make all the difference in the educational process. These issues 
not only contribute to the improvement of the learning process but also may contribute to the quality of 
education offered. Nevertheless such measures do not completely imply students success or higher 
marks, since the overall system is quite complex. In this study, we focus our attention to analyse what 
level of influence can be established between the active agents of the process: the receiver (student) 
and the transmitter (teacher). That is, to what extent the training and research skills of the person who 
distributes the knowledge influences the outcomes of who receives the information. 

In this context, some theories are known in the literature. Over the years, researchers have studied 
the ways in which relationships between teachers and their students occur and if they impact on the 

Proceedings of EDULEARN19 Conference 
1st-3rd July 2019, Palma, Mallorca, Spain

ISBN: 978-84-09-12031-4
5899



latter's learning. A large part concludes that more than a problem of the academic education of the 
teacher, the low performance of students lies in the lack of teacher-student communication. 
Bohoslavsky [1], argues that the teacher, through how he performs his teaching function, will 
encourage his students to learn in certain links. The teaching action must transcend the scope of class 
relations and project in relationships towards society. For Villa and Villar [2], learning is built mainly 
within the framework of personal interrelations established in the context of learning. The learning is 
given both by the type of relationship between the teacher and his/her students, by how the process of 
communication in the classroom occurs and how the academic content is taught with reference to the 
reality of the class. For Maldonado and Marín [3], most of the students do not have a relationship with 
their teachers, there is no communication between them, there is no teacher support or confidence to 
solve doubts that may arise during the teaching-learning process, which generates that there is no 
comprehension in the texts and brings as a consequence that many students have school failure. For 
Zepeda [4], one of the main factors that influence the academic performance of students is the 
emotional environment in which the learning process takes place. 

Other important research links learning strategies and academic performance. Academic performance 
is considered as the indicator of the level of learning that the student has reached. In this sense, the 
quality of student learning is related to the quality of teaching of the teacher, [5]. Teachers who are 
aware of their teaching approaches (intentions and strategies) and use them in their teaching 
situations as well as taking into account the learning approaches of their students, obtain better 
academic results, [6]. 

In recent years, some researchers have pointed out that it is not just a communication problem, there 
is a structure of greater weight that affects the teaching-learning process. Clive Beck established the 
seven priorities for an effective initial teacher training that allows to incorporate every moment more 
and better feedback content: program planning, evaluation and follow-up to the students, the 
organization of the classroom and the community, including education, content and pedagogy, 
professional identity and vision for the teaching of objectives. These seven keys are fundamental in 
the generation of new academic dynamics that build day by day to quality education and provide 
fundamental elements that improve the teaching work, [7]. For Clare Kosnik "It is reasonable to 
assume that the quality of the programs depends on the teachers of these programs, but in almost any 
place, attention is paid to what these teachers should know and must know how to do". Konsik 
proposes four spheres of knowledge that are the basis for the planning of teaching that goes beyond 
the classroom: knowledge about research, knowledge of pedagogies and methods for teaching in 
Higher Education, knowledge of the processes of reading and writing and teaching, and knowledge of 
government initiatives and educational institutions, see [7]. Eric Hanushek, believes that the key to 
success in education lies in good teacher training and not in a large investment in education or in the 
ratio of students per class, see [7]. 

In [8] established that the differences in the cognitive skills of teachers can help explain differences in 
student performance across developed countries. They considered data from the Organization for 
Economic Cooperation and Development (OECD), to estimate the effects of teacher cognitive skills on 
student achievement across 31 OECD countries. We find that teachers 'cognitive skills differ widely 
among nations-and that these differences matter greatly for students' success in school. An increase 
of one standard deviation in teacher cognitive skills is associated with an increase of 10 to 15 
percentage of a standard deviation in student performance. 

As we can see, there are several researchers who have approached this type of questioning from 
different perspectives, but for our knowledge, there is a few number of studies that clearly show the 
relationship between the two agents involved, through analysis of real data and using mathematical 
techniques for its analysis. The purpose of this study is to establish correlations between the formation 
of the teachers of higher education and the results of their students, aiming to identify the main 
association degree and the impact of them. As a base dataset, we examine the performance of 
Colombian institutions in the period 2016. The study includes indistinctly institutes with different 
education approaches (e.g. with specialization programs, master studies, PhD studies and/or 
Postdoctoral studies, pursuant to the Law); considering 165 higher education institutions (HEI) in the 
year 2016 (47 public and 118 private). 

The variables in this study were considered according to the Model of Performance Indicators of 
Education (MIDE), see section 2.1. The MIDE Model is a tool that allows measuring the performance 
of higher education Institutions based on the data available in the higher education information 
systems that exist; propening to generate a report of continuous, understandable and accessible 
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information that allows to optimize the process of decision- making by the agents of the educational 
sector (rectors, heads of planning, researchers, parents and students). 

The methodology to identify the degree and the most relevant relationships between variables 
involves a canonical correlation analysis (CCA) with other important techniques, as the application of 
Box-Cox transformations to transform non-normal variables in near normal ones. In order to verify the 
significance of the results is used statistical tests based on Wilks Lambda, Hotelling-Lawley Trace, 
Pillai-Bartlett Trace and Roy's Largest Root were applied. 

This study has the following contributions: analysis the relationship between teacher´s education and 
student performance in an emerging economy as Colombia, establishes strategies to strength 
education management to improve quality in process, and analysis these issues using exploratory 
statistical techniques where studies are limited. 

The remainder of the paper is laid out as follows. The next section characterizes the data of the study 
and a brief overview of the methodology is given. Section three presents the main results. Finally in 
Section four, some concluding remarks are formulated.  

2 DATA AND METHODOLOGY 

2.1 Data characterization 
The purpose of this study is to identify the degree and the most relevant relationships between 
variables of teacher training/research and variables of student performance in higher education. To 
this end, are considered indicators of the quality of public and privates HEI (i.e. Higher Education 
Institutions in Spanish) located in 47 municipalities of Colombia. 

The Colombian HEI (i.e. Higher Education Institutions in Spanish) system is composed of technical 
institutes focused on vocational education, university institutions focused on technological education, 
and universities focused on under-graduate degrees (e.g. bachelor or diploma) and post-graduate 
degrees (e.g. specialization, master or doctorate). In Colombia the quality of HEIs is measuring by the 
Model of Performance Indicators of Education (MIDE). This methodology was introduced by the 
Ministry of Education of Colombia from 2015.  

 
Figure 1: Multidimensional MIDE model (Source: The Ministry of Education of Colombia). 

The MIDE allows consulting the IES data and comparing them with different performance indicators, 
thus contributing to the dynamic development of the system. The model uses composite indicators, 
called dimensions to give results at the level of a thematic axis and indicators to answer on an aspect 
of quality, see [9]. The original model includes six dimensions and eighteen variables associated with 
educational quality (see Figure 1). 

We studied variables considered by the multidimensional MIDE model in the years 2016 (see Table 
1). These variables result from a combination of the first two dimensions of the model MIDE: students 
(performance and graduates) and teaching (teaching and research). The data set is provided by the 
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database of the Ministry of Education of Colombia, which comprises information from the National 
Higher Education Information System (SNIES); the Labor Observatory for Education (OLE); the 
System for the Prevention of Dropout of Higher Education (SPADIES); and the Higher Education 
Quality Assurance System (SACES). 

Table 1: Variables (2016). 

Teacher education level and research 
outcomes Student performance 

V01  Undergraduate students* 
V02  Teachers with masters 
V03  Teachers with doctorate 
V04  Teachers with specialization 
V05  Teachers without postgraduate  
V06  Citations 
V07  Intellectual production score 

V08  Quantitative reasoning 
V09  Critical reading 
V10  Written communication 
V11  Graduates (%) x undergraduate students 

V12  Employability 
V13  Step to Postgraduate 

* This variable is used to normalize the other data. 

The variable V11 correspond to internal scores defined by the MIDE model. 

2.2 Canonical correlation analysis (CCA) 
The Canonical Correlation Analysis (CCA) also called Canonical Variates Analysis is a multivariate 
analysis of correlation originally proposed by Harold Hotelling in 1936, e.g. see [10]. This technique is 
used to identify and measure the associations among two sets of variables. Canonical is the statistical 
term for analyzing latent variables (which are not directly observed) that represent multiple variables 
(which are directly observed). The canonical correlation coefficient measures the strength of 
association between two canonical variates. 

To continue the main idea of CCA technique is explained. Let X and Y be two variable sets, with p and 
q number of elements respectively. Suppose p ≤ q and consider U and V, linear combinations of X and 
Y, respectively: 

U1=a11X1+ a12X2+…+ a1pXp                             V1=b11Y1+ b12Y2+…+ b1qYq                

U2=a21X1+ a22X2+…+ a2pXp                             V1=b21Y1+ b22Y2+…+ b2qYq              

 ⁞  ⁞ 

Up=ap1X1+ ap2X2+…+ appXp                            Vq=bq1Y1+ bq2Y2+…+ bqqYq                

Define (Ui, Vi) as the ith canonical variate pair, where each member of U is paired with a member of V: 
(U1, V1) is the first canonical variate pair; (U2, V2) is the second canonical variate pair, etc. 
With p ≤ q there are p canonical covariate pairs. Now, the objective is to find linear combinations that 
maximize the correlations between the members of each canonical variate pair. 

The canonical correlation for the ith canonical variate pair, between the linear combinations Ui and Vi, 
is given by   

																																																		𝜌# =	
cov	(𝑈#, 𝑉#)

-var	(𝑈#)var	(𝑉#)
,																																																		(1)									 

where cov(𝑈#, 𝑉#) denotes the covariance between Ui and Vi and var(𝑈#) denotes the variance of the 
variable 𝑈#. (similar to 𝑉#). Let 𝑟# denote the correspondent sample Pearson correlation value related to 
the data matrix of the two groups of variables {𝑋, 𝑌}. 

We want to find linear combinations of the X's and linear combinations of the Y's that maximize the 
correlation in (1). 

The methodology used in this work, also involves other important techniques as the application of 
filters to remove outliers and the use of Box-Cox transformations. This last technique, introduced in 
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1964, is used to modify the distributional shape of a set of data to be more normally distributed so that 
tests and confidence limits that require normality can be appropriately used [11]. 

We used five different statistical tests to test the null sequential hypotheses H0(i) that the ith canonical 
correlation and all that follow it are zero (i.e., the canonical variables 𝑈# and 𝑉# are not correlated,  the 
canonical variables 𝑈#67 and 𝑉#67 are not correlated, and so on until the last canonical variate pair 
(𝑈8, 𝑉8)), H0(i) : 𝜌# = 𝜌#67 = ⋯ = 𝜌8 = 0. The used statistical tests are based on Wilks Lambda, 
Hotelling-Lawley Trace, Pillai-Bartlett Trace and Roy's Largest Root, see [12].  

3 ANALYSIS AND RESULTS 
We used a CCA to establish the correlation between the academic qualification of teachers of HEI 
(groups of variables Y) and results of their students (group of variables X) in Colombian. In Table 2 
and Table 3 are depicted some statistical measures to describe the dataset of the variable group X 
(set of six variables related to teacher education level and research outcomes) and the variable group 
Y (set of six variables related to student performance), respectively. 

Table 2. Descriptive statistics of variable group X. 

 V02 V03 V04 V05 V06 V07 
Minimum 0.000 0.000 0.000 0.000 0.000 0.000 
Median  0.016   0.001    0.013    0.011    0.004    0.016   
Mean  0.019  0.004    0.034    0.024    0.064    0.024   
Maximum 0.078   0.040    1.165   0.289    2.133    0.229   

Table 3. Descriptive statistics of variable group Y. 

 V08 V09 V10 V11 V12 V13 
Minimum 9.024 9.500 8.896 38.470 0.000 0.012 
Median  10.006 10.360 9.966 2982.130 1.005 0.363 
Mean  10.089 10.430 9.992 4824.590 0.990 0.418 
Maximum 11.890 11.790 10.825 41544.830 1.239 1.205 

After analyzing our dataset (from both groups, X and Y), we normalized the variables V03, V04, V05 
and V06, dividing by the number of students (V02), and then apply a filter to shoot the outliers.  The 
filter used in this case comprises V04>0.9 and V06>1.0; leading to reducing the sample to 162 HEI 
(three institutions were eliminated).  

3.1 Box-Cox transformations 
The use of asymptotic approaches requires multivariate normality of the variables or a large number of 
observations. If the data are not normal, applying the Box-Cox transformation means that a greater 
number of tests can be executed. We apply the Box-Cox transformation in all the variables considered 
in this study.  

Before applying this transformation, we guarantee that the values are positive, using the following 
formula: 

																								𝑉#<∗ =	
𝑉# − min(𝑉#)

max	(𝑉#) − min(𝑉#)
,				for	i = 2,… ,7.																								(2) 

The same form for 𝑉#H∗	with	𝑖 = 8,… ,13. Table 4 shows the power parameter (lambda) in the Box-Cox 
transformation for each variable𝑉<∗	, 𝑉H∗	. The p-values corresponding to likelihood ratio test that no 
transformation is needed are also presented. 
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Table 4. 
Transfor
mation 
values 
𝑉#<∗ 

Lambda p-value 𝑉#H∗ Lambda p-value 

𝑉LM<∗ -2.000 0.000 𝑉LN<∗ -1.000 0.000 

𝑉LO<∗ -8.810 0.000 𝑉LP<∗ 0.000 0.000 

𝑉LQ<∗ -11.639 0.000 𝑉7L<∗ 1.000 0.987 

𝑉LR<∗ -7.719 0.000 𝑉77<∗ -6.752 0.000 

𝑉LS<∗ -14.913 0.000 𝑉7M<∗ 8.651 0.000 

𝑉LT<∗ -5.551 0.000 𝑉7O<∗ -1.000 0.000 

As we can see in all the variables it is necessary to apply the transformation, except in the variable 10. 
However, in this study the transformation is applied to the whole sample and then the variables  
𝑉<∗and 𝑉H∗		are standardized, using the following formula: 

																																																										𝑉U<∗V 	=	
𝑉#<∗ − 	 𝑉U<∗WWWWW

sd(𝑉#<∗)
,																																																		(3)				 

where 	 𝑉U<∗WWWWW represent the average and sd(𝑉#<∗) the standard deviation (the same form is used for 𝑉#H∗	). 

Figure 2 show heat plots of correlation results, where the color intensity is proportional to the Pearson 
correlation values which are converted into a multicolor code from blue (representing negative 
correlation) to red (representing positive correlation). Green denotes no or almost zero correlation.  

 
Figure 2.Generating correlation: initial data (left side); preprocessed data (right side). 

As we can see in the two cases represented, some data reflect negative correlation in X and in the 
crossing. However, it is more marked in the preprocessed data. As expected, we found strong 
correlations between variables in the same set of variables, In the case of variables related to teacher 
educational level and research results, higher correlation values are observed between V03 and V02, 
V06 and V07; and V04 and V05. In the set of variables related to student performance, there are 
higher correlation values between V09 and V08 and between V09 and V10. 

3.2 Statistical tests  
We analyzed six canonical variate pairs (Ui, Vi), i=1, …, 6, and applied statistical test based on Wilks 
Lambda, Hotelling-Lawley Trace, Pillai-Bartlett Trace and Roy's Largest Root; to test the null 
hypothesis H0(i) : 𝜌# = 𝜌#67 = ⋯ = 𝜌8 =0 (see Table 5). 
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Table 5. Efficiency ratios statistics of the education levels. 

Wilks' Lambda, using F-approximation (Rao's F): 
H0(i) stat approx. df1 df2 p. value 

i=1 (1 to 6) 0.193 8.389   36 665.848 0.000 
  i=2 (2 to 6) 0.537 4.117   25 566.156 0.000 

i=3 (3 to 6) 0.779 2.481  16 468.060 0.001 
  i=4 (4 to 6) 0.872 2.395  9 374.946 0.011 

i=5 (5 to 6) 0.963 1.465   4 310.000 0.212 
i=6 0.989 1.688   1 156.000 0.195 

Hotelling-Lawley Trace, using F-approximation: 
i=1 (1 to 6) 2.489  10.327 36 896 0.000 
  i=2 (2 to 6) 0.711  4.305  25 908 0.000 
i=3 (3 to 6) 0.260  2.498  16 920 0.000 
  i=4 (4 to 6) 0.141   2.442   9 932 0.009 
i=5 (5 to 6) 0.037   1.489    4 944 0.203 

i=6 0.010  1.724   1 956 0.189 
Pillai-Bartlett Trace, using F-approximation: 

i=1 (1 to 6) 1.188  6.419  36 936 0.000 
  i=2 (2 to 6) 0.548  3.812  25 948 0.000 
i=3 (3 to 6) 0.237  2.472   16 960 0.001 
  i=4 (4 to 6) 0.130  2.409   9 972 0.010 
i=5 (5 to 6) 0.037  1.528   4 984 0.191 

i=6 0.010  1.780  1 996 0.182 
Roy's Largest Root, using F-approximation: 

1 to 1 0.640 46.237 6 156 0 

For all statistical procedures, and at a significance level of 5%, only the two last canonical variate pairs 
are not statistically significantly correlated. 

3.3 Canonical correlations 
The estimates of the first four canonical correlations, associated to variable pairs with statistically 
significant correlations are r1=0.800, r2=0.557, r3=0.326, and r4=0.306. Calculating the correlation 
square root (𝑅M), we can say that 64,0% of the variance of U1 is explained by  V1; 31,0% of the variation 
in U2 is explained by V2; but only the 10,6% of the variability of U3 is explained by V3; and very more 
small for the  V4, V5 and V6.. The first two values represent the highest canonical correlation values. The 
first two canonical variate pairs describe significant values for the determination coefficient (𝑅M > 0.3; 
both with	𝑝 − 𝑣𝑎𝑙𝑢𝑒 < 0.0000) suggesting that only the first two correlations are (the most) important 
(Table 6). 

Table 6. Test for significance of each canonical correlation.. 

 CanR LR test stat Approx F NumDF DenDF Pr(>F) 
1 0.800 0.193 8.389 36 665.850 <2.2e16 
2 0.557 0.537 4.117 25 566.160 0.000 
3 0.326 0.779 2.481 16 468.060 0.001 
4 0.306 0.872 2.395 9 374.950 0.011 
5 0.162 0.963 1.465 4 310.000 0.212 
6 0.103 0.989 1.688 1 156.000 0.195 

3.4 Standardized coefficients 
It is important to identify the magnitudes of the coefficients for each variable set.  Tables 7 and 8 present 
the contributions of the individual variable to the corresponding canonical variable (Xcani and Ycani for 
i=1,…,6). For instance, using the corresponding estimates for U1 and V1 (as centered variables), they 
can be expressed in this way: 
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𝑈7 = 	−0.021𝑉LM<∗V − 0.299𝑉LO<∗V + 0.174𝑉LQ<∗V + 0.245𝑉LR<∗V 	− 0.320𝑉LS<∗V − 0.329𝑉LT<∗V ; 

𝑉7 = 	−0.160𝑉LN<∗V − 0.639𝑉LPH∗V + 0.167𝑉7LH∗V − 0.552𝑉77H∗V 	− 0.031𝑉7MH∗V − 0.089𝑉7OH∗V . 

Table 7. Standardized coefficients of X. 

 Xcan1 Xcan2 Xcan3 Xcan4 Xcan5 Xcan6 
V02 -0.021   0.750 -0.764 -0.953 -0.296 -0.026 
V03  -0.299   0.047   1.661  0.254   0.429 -0.775 
V04  0.173 -0.382 -0.366   0.027  1.015 -0.842 
V05  0.244   0.896  0.263  0.680 -0.506  0.583 
V06 -0.320 -0.254 -0.824   0.701 -0.953 -0.412 
V07 -0.327   0.030 -0.398   0.101   0.960  1.063 

Table 8. Standardized coefficients of Y. 

 Ycan1 Ycan2 Ycan3 Ycan4 Ycan5 Ycan6 
V08 -0.160 -0.578 -0.453   0.384  0.468 -1.999 
V09  -0.639   1.103   0.456  1.235 -1.461   2.064 
V10  0.167 -0.033   0.495 -1.888  0.511 -0.969 
V11 -0.552 -0.805     0.344 -0.155 -0.064   0.260 
V12 0.032 -0.083 -0.457 -0.405 -0.844   0.018 
V13 -0.089  0.279 -0.923   0.131  0.786   0.593 

For both variable groups X and Y, correlation values observed between original variables of a group 
and the correspondent canonical variable, are almost balanced (50%-50%) between negative and 
positive values.  

3.5 Correlation between each variable and its corresponding canonical 
variation 

The last step of this analysis is to estimate correlation coefficients between canonical variables and 
initial variables. Table 9 shows the values of these correlations. 

Table 9. Correlations: X with Xcan and Y with Ycan. 

Correlations of X with Xcan 
 Xcan1 Xcan2 Xcan3 Xcan4 Xcan5 Xcan6 

V02 -0.543  0.680 -0.208 -0.341  0.051 -0.279 
V03  -0.831  0.365   0.261  0.064  0.129 -0.292 
V04  0.467  0.296 -0.325   0.341  0.499 -0.470 
V05  0.496  0.674 -0.054  0.531  0.106 -0.033 
V06 -0.816  0.099 -0.290   0.384 -0.154 -0.260 
V07 -0.838  0.186 -0.154   0.166  0.373  0.265 

Correlations of Y with Ycan 
 Ycan1 Ycan2 Ycan3 Ycan4 Ycan5 Ycan6 

V08 -0.798  0.307 -0.155   0.116 -0.042 -0.477 
V09  -0.812  0.551  0.060 -0.024 -0.109 -0.138 
V10  -0.679  0.529  0.105 -0.452   0.077 -0.191 
V11 -0.737  -0.620  0.061 -0.130   0.067  0.215 
V12 0.002  -0.173 -0.661 -0.337 -0.646 -0.016 
V13 -0.649  0.260 -0.569 -0.193   0.354   0.152 
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Note that higher correlation values (in absolute value, in a range between 0.69 and 0.83) between the 
first canonical variable and the variables V03, V06 and V07 are found. However, for the second 
canonical variable, there are more correlation values with lower values observing the most outstanding 
variables for V02 and V05 with correlation values in a range between 0.56 and 0.68. The correlations 
with the third canonical variable are very small in a range between 0.27 and 0.32. The scenario for the 
canonical variables in Y is very different. The correlations of the first canonical variable are stronger 
with the variables V8, V9, V10 and V11 (in a range between 0.67 and 0.81) and these last three 
variables continue to have stronger correlations with the second canonical variable (in a range 
between 0.51 and 0.62). The correlations of variables V12 and V13 with a third canonical variable 
(range between 0.55 and 0.66) can also be considered strong.  

Comparing these results provided by CCA with the correlation values between the standardized 
variables of the group X and, we conclude that there are multivariate correlation in the sense that the 
two groups are correlated. For instance, the above analysis allows to establish that professors with 
doctorate training and high research experience (V06 and V07), have a more marked influence on the 
cognitive abilities of students reflected in the results of quantum reasoning (V08), communicative 
reading (V09), and written communication (V10). However, these results can also be influenced by 
teachers with a master's degree (V02) or even non-graduate teachers (V05). 

4 CONCLUSIONS 
In a society where there is a constant concern to improve the quality of education, it would greatly 
facilitate if there was a formula that would respond to all the concerns about the teaching-learning 
process. However, there are many factors involved, which make it difficult to find a response 
applicable to all situations. Our results show that a multivariable correlation can be established 
between teacher training and student outcomes for a precise set of factors. Nevertheless, we cannot 
interpret the above results as a measure cause-effect. Although the teacher's work and the pedagogy 
used in accordance with his/her academic training is very important, one cannot ignore the individual 
factor of each student and the ability to internalize knowledge. 

In particular in the Colombian higher education institutions some relevant correlations were found, 
which we can classify in the following two ways: direct correlations (after transformations and outlier 
removal) and correlations by groups. In the first case, there are three direct correlations between 
critical reading and written communication [correlation of 0.87]; quantitative reasoning and critical 
reading [correlation of 0.87]; and the ratio of teachers with doctorate and the number of citations 
[correlation of 0.72]. In the second case, i.e. correlations by groups of factors, we find two correlations 
per group that allow us to define the influence of teacher training on student outcomes. The most 
striking is the influence of the ratio of teachers with doctorate training and high research experience on 
the cognitive abilities that students reflected in the results of quantum reasoning, communicative 
reading and written communication. On a slightly less representative level but equally relevant is the 
influence of the ratio of teachers with a master's degree or even non-graduate teachers in critical 
reading, communication, and in the internal score graduates (%) x undergraduate students, defined by 
the MIDE model. 

The present work corresponds to a first approach of comparative studies with additional techniques, 
which we will carry out, with the aim of contributing to give some light about the improvement of 
educational quality in emerging economies, such as Colombia. 
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