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Abstract 

Canonical correlations analyzes are being used in the agrarian sciences and constitute an important tool 

in the interpretation of results. This analysis is performed by complicated mathematical equations and it 

is only possible to use it thanks to the development of computational software, which allows different 

interpretations of results, and it is up to the researcher to choose according to his knowledge. Canonical 

correlations can be interpreted using canonical weights, canonical loadings, or canonical cross-loadings. 

In Brazil, most of the works that use these analyzes interpret the canonical weights. Therefore, this study 

aims to show, through an analysis of canonical correlations, the best way to interpret the results, so that 

they are presented in the most reliable way possible. Data from an experiment with two cultivars of 

biquinho pepper seeded in 5 light spectrums were performed. The variables were root length and volume, 

plant height, number of leaves, fresh shoot and root mass, shoot dry mass. Two groups of variables were 

organized, the multicollinearity was determined through the condition number and the inflation factor of 

the variance. Canonical correlations analysis was carried out, and weights, loadings, and canonical cross-

loadings were estimated for the interpretation of the results. After the interpretations, it was defined that 

the canonical cross-loadings should be preferred for the interpretation of the canonical correlations. 

Weights or canonical coefficients provide dubious results of relationships between groups of characters 

and should be avoided. 
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Introduction 

Canonical correlation analysis is the most generalized technique of all statistical procedures to 

determine relationship and interdependence between two or more variables (Basu and Mandal 2010; 
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Cocozzelli 1990). It is used to determine the relations between groups of variables (Cruz, Regazzi, and 

Carneiro 2012), that is, the variation in a group of dependent variables analyzed in terms of a group of 

independent variables (Cocozzelli 1990), and was developed by Hotelling, (1936). This type of analysis 

allows us to obtain canonical statistical variables, which are linear combinations of two groups of variables 

(X and Y), and the information contained in the parameters should be focused on the correlation between 

these new variables (Hair Júnior et al., 2009). 

Canonical correlations are determined from the correlation between a linear combination of two 

groups of variables (Hotelling 1936). Thus, a canonical correlation is one that maximizes the relationship 

between the linear combinations X and Y with: 
1 2' [ ... ]pX x x x= , being the vector of the measures of p 

characters that constitute the group I and 
1 2' [ ... ]qY y y y=  is the vector of measures of q characters that 

constitute group II. The first canonical correlation is one that maximizes the relationship between X1 and 

Y1. The functions X1 and Y1 form the first canonical pair associated with that canonical correlation (Cruz 

et al. 2012), the highest possible among all these linear combinations. Next, a new pair of linear 

combinations X2 and Y2. The process continues until a subsequent pair of linear combinations no longer 

produces a significant correlation (Basu and Mandal 2010), that is until all variation is explained in both 

sets of variables (Cocozzelli 1990). 

This type of analysis is widely used as indirect selection methods for the genetic improvement of 

plants. However, some precautions should be taken when performing the analyzes, such as the presence of 

multicollinearity, common in correlations and regression analyses (Blalock 1963; Montgomery and Peck 

1982), because when there is the presence of high multicollinearity, errors occur and can produce biased 

estimates of the effects for the group of variables under study (Montgomery and Peck 1982). To avoid 

errors, the multicollinearity diagnosis must be performed within each group of variables (Blalock 1963; 

Cruz et al. 2012). 

Many studies have been carried out with canonical correlations analyze, in several areas. Kazmi et 

al., (2017) calculated the canonical correlation between the groups of metabolic and phenotypic variables 

for the performance of tomato seeds. Rigão et al., (2009) evaluated through canonical correlation characters 

of planted tubers, related to those harvested, for the early selection of potato clones. 

The interpretation of canonical correlation analysis can be performed in different ways: canonical 

weights or standardized coefficients, canonical loadings, and canonical cross-loadings (Hair Júnior et al., 

1998), and the researcher generally uses the measure that his statistical program used for analysis offers. 

The canonical coefficients were used for the interpretation by (Alves, Filho, et al. 2017; Alves, Cargnelutti 

Filho, and Burin 2017; Brum et al. 2011; Rigão et al. 2009). Canonical weights, canonical loadings, and 

canonical cross-loadings were used for interpretation by (Protasio et al. 2014, 2012). 

The interpretation of canonical correlations by canonical weights or standardized coefficients is 

performed by its magnitude, that is, the greater the magnitude of a certain variable, the greater its 

contribution, and when they have opposing signs, they exhibit an inverse relationship to each other and 

will have a direct relationship when the signals have the same signal. Canonical weights are subject to high 

variability are sensitive to multicollinearity (Hair Júnior et al., 2009).  

When interpretation is performed by canonical loadings they measure the simple linear correlation 
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between an original observed variable in the dependent or independent set and the canonical statistical 

variable of the set; and the higher the coefficient, the more important is the variable for the canonical 

statistical variable (Hair Júnior et al., 1998). Canonical loadings have advantages over canonical weights, 

such as lower standard error and greater stability in replicate samples (Meredith 1964). The use of canonical 

cross-loadings consists of the correlation between the observed dependent variable and the independent 

canonical statistical variable, and vice versa, providing a direct measure of the relations of dependent-

independent variables by eliminating an intermediate step involved in conventional loadings (Hair Júnior 

et al., 2009).  

In Brazil, one of the most used programs for the analysis of data in experimental statistics and 

quantitative genetics is Genes, this program created at the Federal University of Viçosa presents as an 

output for the analysis of canonical correlations only the canonical weights (or canonical coefficients) and 

the canonical loadings (Cruz 2013). The software R, which is one of the most widely used free software in 

the world for data analysis has implemented some packages that allow the researcher to choose according 

to their knowledge, what kind of interpretation to do. The package CCA (González et al. 2008) e and the 

package yacca (Butts 2018) are packages that allow outputs of results with three measures of evaluation of 

canonical correlations. 

Based on the issues discussed above, this study aims to obtain canonical weights, canonical loadings, 

and canonical cross-loadings, detailing the interpretation, advantages, and disadvantages in each method 

to answer the best method to interpret the results of studies that use analysis of canonical correlations. 

 

Material and Methods 

Local, plant material and culture conditions 

For the evaluation, we used data from an experiment conducted at the Federal University of Santa 

Maria - RS, Frederico Westphalen campus. An experiment, with two cultivars of biquinho pepper seeded 

in 5 light spectra was carried out. For this, seeds of the cultivars of biquinho pepper were used (Capsicum 

chinense) BRS Moema and Airetama Biquinho of brand ISLA®, which were pre-germinated on Germitest® 

paper in transparent gerbox, kept in a growth chamber at a constant temperature of 25 °C, photoperiod of 

12h/12h with an irradiance of 40 μmol m-2 s-1, and when 50% of seeds presented protrusion of the root 

were transplanted in plastic cups of white color (0.3 cm3) filled with commercial substrate Carolina®.  

After emergence and until the beginning of flowering [76 days after emergence (DAE)] the 

seedlings were kept in a growth room with a constant temperature of 25 ± 2 ºC, photoperiod of 16h/8h, and 

under different amounts and spectral qualities of light. For this, it was used LED lamps (TEC LED®) white, 

red, blue, red/blue color (60/40% ratio), and fluorescent lamps (40 W Osram, Brazil). Initially, up to 62 

DAE the amount of light was 40 µmol m-2 s-1, later this was increased to 80 µmol m-2 s-1.   

At 76 DAE (beginning of flowering, 50% of flowering plants) the plants were transplanted into 

black pots (cm3) filled with soil plus substrate and kept in a greenhouse. Irrigation was performed manually 

according to the needs of the crop. Plant nutrition was carried out via fertigation. 
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Experimental design 

The experimental design was a randomized block design, in a 2x5 factorial scheme, with two 

cultivars of biquinho pepper (BRS Moema and Airetama Biquinho) and seedlings from five different light 

conditions (white LEDs, red LEDs, blue LEDs, red/blue LEDs and fluorescent lamps light), totaling ten 

treatments with ten replicates per treatment, where each replicate is composed of one plant, totaling 10 

plants per treatment. 

 

Variables analyzed 

From the emergence to the beginning of flowering (76 DAS) the height of the plant was evaluated, 

a number of leaves. The number of leaves, height (cm) were evaluated from the emission of the first 

expanded leaf to the first bifurcation in the main stem of the plant. 

At the 76 DAS (before transplant) was evaluated fresh and dry mass (g) of shoot and root, root 

volume, root length, leaf area. 

The fresh mass was calculated shortly after the removal of the substrate from the roots to avoid 

dehydration of the plant. For the dry mass, the plants were removed from the substrate and then placed in 

paper bags to be kept in a drying oven. The root volume was calculated after the fresh mass was calculated 

by displacing the water in a graduated cylinder after submerging the root. The root length was evaluated 

by measuring the length of the main root (root pivoting). 

 

Statistical analysis 

Two groups were defined to verify the relation and interdependence between them. For this, the 

multicollinearity diagnosis was performed on the linear correlation matrix in each of the groups of variables 

(X, Y) using the condition number analysis 
max

min
NC




=  representing the ratio between the largest and 

the smallest eigenvalue of the correlation matrix and by the variance inflation factor
2

1

1 j

VIF
R

=
−

, where 

2

jR is the determination coefficient. 

With each group of variables presenting low multicollinearity, that is, NC less than 100 and VIF 

less than 10, we proceeded with canonical correlation analysis. The groups formed were root variables such 

as root length (CR) and root volume (VR) and a plant growth group: plant height (ALT), leaf number (NF), 

fresh shoot mass MFPA), fresh root mass (MFR) and dry shoot mass (MSPA). 

The number of canonical correlations to be estimated is equal to the number of characters of the 

smallest group (p or q) and the magnitude decreases in the order in which they are estimated. Thus, a 

canonical correlation is one that maximizes the relationship between the linear combinations X and Y with: 

1 2' [ ... ]pX x x x=  , being the vector of the measures of p characters that constitute the group I and 

1 2' [ ... ]qY y y y=  is the vector of measures of q characters that constitute group II (Cruz et al. 2012). Thus, 

two canonical correlations were estimated. 

The estimation of the maximum correlation between linear combinations of characters of groups I 



International Journal for Innovation Education and Research            Vol:-8 No-07, 2020 

International Educative Research Foundation and Publisher © 2020                      pg. 175 

and II, where X1 and Y1 are the linear combinations of the characters of groups I and II respectively: 

1 1 1 2 2 ... p pX a x a x a x= + + +   and 
1 1 1 2 2 ... q qY b y b y b y= + + +   on what: 

1 2' [ ... ]pa a a a=   vector 1xp of 

weights of the group I character and 
1 2' [ ... ]qb bb b= = vector 1xq of II characters weights. In this way, the 

first canonical correlation will be that which maximizes the relation between X1 and Y1. The functions X1 

and Y1 form the first canonical pair associated with that canonical correlation expressed by: 

1 1
1

1 1

ˆ ( , )

ˆ ˆ( ). ( )

Cov X Y
r

V X V Y
=   , being 1 1 12

ˆ ( , ) 'Cov X Y a S b=  , 1 11
ˆ( ) 'V X a S a=   and 1 22

ˆ( ) 'V Y b S b=   where: S11= 

matrix pxq of covariance between the characters of group I; S22= matrix qxq of covariance between the 

characters of group II; S12= matrix pxq of covariance between the characters of group I and II (Cruz et al. 

2012). The coefficients or canonical weights are the weights that each variable received for the calculation 

of the linear combinations, the canonical loadings, which are the correlations between the original variables 

and their respective canonical statistical variables, and the canonical cross-loadings that represent the 

correlation between an original variable of a given group and the canonical statistical variable of the other 

group (Hair Júnior et al., 2009). 

The canonical R² was calculated by squaring the estimated canonical correlation and represents the 

correlation between the actual dependent variable and the predicted value, representing the amount of 

variance in the dependent variable explained by the regression function of the independent variables (Hair 

Júnior et al., 2009). The significance test was performed through a series of canonical correlations 

(sequentially) against the null hypothesis that the coefficient tested and all of the following coefficients are 

zero (Butts 2018). The Wilks' multivariate Lambda significance test (F distribution approximation) was 

used to evaluate the significance of the canonical roots together. 

Statistical analyses were performed at 5% significance. with the help of the yacca (Butts 2018), 

pracma (Borchers 2018), and faraway packages available in program R. 

 

Results 

 The multicollinearity diagnosis determined in the correlation matrix in each group of variables resulted 

in VIF less than 10 and NC less than 100, indicating weak multicollinearity. The results of multicollinearity 

are important from estimating reliable canonical correlations that reflect the real influence of one group on 

the other and vice versa. For this study, the results of VIF for the group I was 1.08647 for the two variables, 

and the NC was 1.78595. For group II, FIV was 3.08 for ALT, 3.52 for NF, 7.40 for MFPA, 1.44 for MFRA, 

and 10.03 for MSPA. The NC was 54.42. 

The first canonical correlation was high and significant and revealed the existence of 

interdependence among the groups. The canonical R² found did not present a very high result, ie, the 

amount of variance explained (56.25%) between the canonical statistical variables independent and 

dependent on function 1 was only 56.25% for the groups of characteristics analyzed (Table 1). 
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Table 01. Canonical correlations, canonical R², and multivariate test of significance. 

Function 
Canonical 

correlations 
Canonical R²  

Total Variance 

Explained 

Degrees of 

freedom 

2  p-valor 

1 0.75 0.5625 0.34 10 83.76 9.43E-14 

2 0.17 0.0289 0.11 4 3.04 0.54 

 

By interpreting the results by canonical weights (or standardized coefficients) for the first function, 

we can see that the variables MFRA and MSPA contribute to increasing the variable VR or vice versa, 

whereas root length (CR) has little or almost none contribution to the independent variables. The second 

function presented a non-significant canonical correlation and, therefore, does not require interpretation 

(Table 02). 

 

Table 02. Canonical weights, canonical loadings, and canonical cross-loadings for the two groups of 

growth variables of biquinho pepper under light spectra. 

Variables 
Canonical weights Canonical loadings Canonical cross-loadings 

Group I 

 1º 2º 1º 2º 1º 2º 

CR* 0.077 -0.432 0.447 -0.895 0.3378 -0.1590 

VR 1.608 0.803 0.984 0.176 0.7448 0.0313 

 Group II 

ALT -0.1057 -0.4048 0.0213 -0.1575 0.0161 -0.0280 

NF 0.0004 -0.0241 0.1378 0.2346 0.1042 0.0417 

MFPA -0.1528 1.4052 0.0960 0.4651 0.0727 0.0827 

MFRA 2.1143 0.1915 0.9610 0.0299 0.7271 0.0053 

MSPA 1.2681 -5.2556 0.2716 0.1671 0.2055 0.0297 

*CR: root length; VR: root volume; ALT: plant height; NF: leaf number; MFPA: fresh shoot mass; MFRA: fresh root mass; 

MSPA: dry shoot mass. 

 

The interpretation via canonical loadings must be performed considering the correlation between the 

variables and their canonical variables. Analyzing the canonical loadings for the canonical variable in 

group I (dependent) it is observed that the root volume (RV) presented the highest value. For group II 

(independent), the MFRA variable presented a higher value. The canonical loadings reveal that CR is 

positively correlated with VR. Besides, the increase in these two variables increases the MFRA, the MSPA, 

and vice versa. The relationship between ALT, NF, and MFPA was not sufficiently explained by the 

canonical correlation analysis because the values of the canonical loadings were low. 

The results for canonical cross-loadings are similar to canonical loadings. This measure allows for 

more direct identification of the relationship between the dependent variables - independent. The results 

show a strong relationship between the MFPA with RV and CR and on the contrary, showing that the 

increase of VR and CR increases the MFRA and MSPA. 

The interpretation of the canonical loadings and the canonical cross-loadings showed the same 
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result, however, the magnitude of the relations decreased for the canonical cross-loadings. Regardless of 

the interpretation used, it is evidenced that the groups have linear relations and that the characters CR and 

VR can be used to increase the MFPA, for example. This characteristic is desirable from a photosynthetic 

point of view because the larger the aerial part in the pepper plants the greater the photosynthetic area in 

the plant, besides producing more shoots, important for the production of fruits. 

 

Discussion 

In the analysis of canonical correlations, the diagnosis of multicollinearity is essential so that the 

correlation estimates are not biased. The presence of multicollinearity is present in regression and 

correlation analyzes and this affects the ability to estimate reliable regression or correlation coefficients 

(Montgomery and Peck, 1982).  

The amount of explained variance calculated by the coefficient of canonical correlation squared, 

called canonical R², presented a result of 56.25%, which indicates that although the canonical correlation 

was significant, it has a little more than 56% explanation of the variance of the dependent variables, and 

this measure must be taken into account in this type of analysis since the canonical correlation is calculated 

in such a way as to maximize the relations between them, while R² maximizes the explanation or variance 

between them (Hair Júnior et al., 1998). Akbaş and Takma, (2005) found results that suggest 33.3% of the 

variance in the Y variables is accounted for by the X variables, and according to the authors, this value 

indicates that the first correlation has a high significance. Marubayashi Hidalgo et al., (2014), found R² of 

0.658 and indicated that two sets of variables are highly correlated in all the lines tested revealing an 

association between the groups of variables. 

The interpretation of variables by canonical weights or standardized canonical coefficients allows 

us to identify the importance of each variable in the calculation of canonical variables, that is, the canonical 

coefficients give the contribution of each variable in the analysis (Akbaş and Takma, 2005); the canonical 

weights are similar to the beta coefficients of multiple regression (Protasio et al., 2014).  

the canonical weights are similar to the beta coefficients of multiple regression. In this case, the 

variable CR had low weight computed, this can be attributed to the instability of the canonical coefficients 

discussed in some studies due to the small sample size or presence of multicollinearity in the data (Akbaş 

and Takma, 2005; Hair Júnior et al., 2009). In the results of this study, the presence of multicollinearity is 

not a problem, since the diagnosis of multicollinearity in each group of variables was weak.  

When interpreting canonical weights, a measure of shared variance other than square canonical 

correlations must be used to overcome the uncertainties with this interpretation, and the use of the 

redundancy index is indicated (Akbaş and Takma, 2005; Hair Júnior et al., 2009). According to Meredith, 

(1964), if the variables within each set are moderately interrelated, the interpretation of the canonical 

variables by the weights is practically null, without correcting these correlations.  

The interpretation of the canonical correlations using the canonical loadings presented differences 

of those interpreted by the canonical weights. In this case, the variable CR that had low canonical weight 

had a high canonical charge. When interpreting the canonical loadings, we can identify the correlation 

between the variables and their respective canonical variables (Marubayashi Hidalgo et al., 2014), that is, 



International Journal for Innovation Education and Research            Vol:-8 No-07, 2020 

International Educative Research Foundation and Publisher © 2020                      pg. 178 

it reflects the shared variance between the observed variable and the linear combination (Hair Júnior et al., 

2009). 

By the interpretation via canonical cross-loadings the result was similar to the one obtained by the 

canonical loadings, these indicate the correlation between the variables and the opposite canonical variable 

(Marubayashi Hidalgo et al., 2014) and can provide a more direct measure of the relationships between 

dependent and independent variables (Hair Júnior et al., 2009). Similar results between canonical loadings 

and canonical cross-loadings were found in other works that used these two forms of interpretation 

(Marubayashi Hidalgo et al., 2014; Protasio et al., 2014) and indicate that the influencing characteristics 

would be the same using interpretation by canonical loadings or canonical cross-loadings. 

In a work carried out in 1975 the problems associated with interpretations of canonical correlations 

were already discussed, where Lambert and Durand, (1975) reported the dangers when interpreting the 

analysis of correlations by canonical weights since in showing the contribution of each original variable to 

the canonical score, they do not show the correlations between the variables.  

The weights are used in a way that maximizes the canonical correlations (Meredith, 1964), and if 

the large correlation is improved, although the correlation with the variables is low, multicollinearity 

problems may mask the results attributed to canonical weights, and the variables may have little or no 

correlation between them (Lambert and Durand, 1975). These same authors affirm that the canonical 

weights are very inadequate and indicate relations between non-existent variables. Most often the 

interpretation by canonical weights does not provide enough information to fully interpret a canonical effect, 

because these coefficients still cannot articulate clearly the contributions to the achieved effect (Nimon et 

al. 2010). 

In canonical loadings, the problems related to multicollinearity that affect interpretation by 

canonical weights are diminished because they show the simple relation with the canonical scores, ignoring 

the correlation between other variables and the scores, that is, they are not affected by multicollinearity 

(Lambert and Durand, 1975; Nimon et al., 2010). A limitation of the loadings is that even if they are stable 

they cannot provide a direct measure of the variation between the variables (Lambert and Durand, 1975).  

The canonical charges are preferable to the use of canonical weights, however, the R² must be 

calculated to determine how much of the variance of the observed variable is shared with the canonical 

scores of this linear combination (Lambert and Durand, 1975). In the case of the present work, for the 

variable MFRA that presented canonical loadings of 0.9610, we conclude that it presents a high correlation, 

and raising it to the square, the canonical loadings obtained 92% of the variance in the shared variable. 

However, the high canonical loadings for the variable CR (0,447) present a low variance of the shared 

variable with only 19.9%. 

Canonical cross-loadings are more reliable than the use of canonical weights or canonical loadings 

as they provide a more direct measure of the relationships between variables by eliminating an intermediate 

step involved in canonical loadings (Hair et al., 2009; Lambert and Durand, 1975)  

As we have seen here, the interpretations of canonical correlations require great care and attention, 

since there are many cases in which the results may not be reliable, simply because of the lack of care with 

the analyzes and their interpretation, besides can be replicating errors in the scientific environment for the 

lack of knowledge and misuse of this type of analysis. As said by the author's Lambert and Durand, (1975), 
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the aim is not to discourage the use of these analyses, but to make them more accurate and that the 

researchers use them to make their research more effective, reducing errors of interpretation. 

Many works have been published where the interpretation of the analyzes is carried out via 

canonical weights (coefficients) as in (Alves et al., 2017b, 2016; Bandinelli et al., 2017; Rigão et al., 2009), 

e even using a standardized structure, they can not fully report the canonical effects (Nimon et al., 2010). 

Thus, the use of canonical loadings and canonical cross-loadings for the interpretation of canonical 

correlations is preferable (Takada et al., 1984).  

But what method of interpretation should I use? The researcher must use that measure that is 

available in the computational program for the analysis of data that he dominates, since the analysis of 

canonical correlation without the aid of software is laborious and can be unsustainable (Nimon et al., 2010), 

nevertheless one must avoid making interpretations by the canonical weights since they do not present us 

a measure of relations between the variables (Hair Júnior et al., 2009). The use of canonical cross-loadings 

is the most indicated, and by the computational advance that facilitates the determination of this measure, 

it becomes possible to use this measure. When calculating cross-loadings is not possible, the option to be 

chosen is canonical loadings that are more reliable than canonical weights (Hair et al., 2009; Lambert and 

Durand, 1975). 

 

Conclusion 

Interpretations of canonical correlation analyzes should be made using canonical cross-loadings. 

Weights or canonical coefficients provide dubious results of relationships between groups of characters and 

should be avoided.  
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