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ABSTRACT

One of the main steps related to the implementation of reference-based sensory characterization methodologies is the selection of the references, sometimes referred to as poles. However, research on the influence of the reference selection on the results from these methodologies are scarce. In this context, the aim of the present work was to evaluate the influence of the poles on results from Polarized projective mapping (PPM). Three groups of consumers evaluated two sets of six samples of powdered drinks using three different sets of poles. Results showed that the set of poles did not largely affect sample configurations and consumers' descriptions. However, some differences in sample configurations were identified when the poles did not represent the whole sensory space represented by the sample sets. 
PRACTICAL APPLICATIONS


Results of the present work bring light to researchers on how to select poles for a PPM or PSP task.  Given the fact that conclusions from PPM with different sets of poles did not largely differ, pole selection seems to be quite flexible. However, it seems advisable to select poles that represent the whole sensory space defined by the samples to be evaluated and that have an intermediate degree of difference among them. Also, more research applications on different categories of samples would be advised, as well as further research on the influence of the poles on results from other approaches for measuring the degree of difference between samples and poles. 
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INTRODUCTION

Interest in sensory characterization based on the evaluation of global similarities and differences among samples has increased in the last decade (Ares and Varela 2014). This type of characterization encourages the generation of a synthetic representation of the products, which is inhibited when assessors are asked to focus their attention on specific sensory characteristics (Prescott 1999; Small and Prescott 2005). The most popular methodologies based on the evaluation of global similarities and differences are free sorting and projective mapping, which have been already used for sensory characterization of a wide range of food products of different complexity (Varela and Ares 2012; Valentin et al. 2012). 

One of the main disadvantages of free sorting and projective mapping is the fact that all samples should be simultaneously evaluated in the same session. This restricts the number of products that can be evaluated and makes it difficult to compare samples evaluated in different moments in time, which is a common issue in new product development (Ares and Varela 2014).

Reference based-methodologies are based on the comparison of samples with products that are regarded as references, or commonly referred to as poles. The main advantage of this approach is that they enable the comparison of products that are not evaluated in the same session (Valentin et al. 2012). Polarized Sensory Positioning (PSP) is the most relevant example of reference-based methodologies. PSP is based on the evaluation of the degree of difference between samples and each of the poles (Teillet et al. 2010). 

Different approaches can be considered to evaluate the degree of difference between samples and the poles (Teillet 2014). Teillet et al. (2010) used unstructured scales ranging from “exactly the same taste” to “totally different taste” when evaluating the taste of mineral waters. In triadic PSP (t-PSP) assessors are asked to indicate to which of the poles a sample is more similar and to which it resembles the least (Teillet et al. 2014). Another approach is Polarized projective mapping (PPM).

PPM combines the main features of Projective mapping and Polarized sensory positioning (PSP) (Ares et al. 2013). Assessors are asked to locate a set of samples on a bidimensional space (a sheet of paper) in which 3 reference samples or poles have been previously plotted. They are asked to try the three poles and then each of the samples. Assessors have to place the samples in the sheet, taking into account their similarities and differences with the three poles. Assessors are instructed that samples that are perceived as similar should be placed close together, while those that are perceived as different should be located far from each other. After they have located the samples on the sheet a description phase is held to identify the sensory characteristics responsible for the similarities and differences among samples. 


As in any reference-based methodology, the key step in the implementation of 
PPM is the selection of the poles. 
Published studies have selected poles that represent the main sensory characteristics responsible for the expected similarities and differences among samples of interest. As an example, when studying the sensory characteristics of commercial mineral waters Teillet et al. (2010) selected the poles according to their degree of mineralization, which is the main determinant of the sensory characteristics of mineral water. Waters with low mineralization are characterized by their metallic and bitter taste, waters with medium mineral content show neutral and fresh taste, while high mineralization provides salty taste. For this reason, the authors selected one with low mineral content, one with intermediate mineralization and a third one with high mineral content. Similarly, de Saldamando et al. (2013) selected poles with three distinct textures (liquid, mousse and cream) when working texture characterization of make-up foundations. However, research in this field is still lacking to provide general recommendations for selecting the poles.
de Saldamando et al. (2013) compared results from PSP obtained using two sets of poles that represented the sensory characteristics responsible for the main differences among samples. They reported that sample configurations were similar, although some differences in conclusions regarding similarities and differences were identified. However, no published study has been found comparing poles with different sensory characteristics. 

The aim of the present work was to study the influence of the poles on the results from sensory characterizations obtained using Polarized Projective Mapping with consumers, and to compare sets of poles that represent different sensory characteristics. 
MATERIALS AND METHODS

In the present work two sample sets of orange-flavoured powdered drinks were evaluated by three groups of consumers using Polarized projective mapping (PPM) with different sets of poles. 
Samples

Sixteen samples of commercial orange­flavoured powdered drinks, all of them available in the Uruguayan market were used. A description of the samples is provided in Table 1.

Insert Table 1 around here


Twelve of the sixteen samples were divided into two sets of 6. The other four were used as poles (see PPM description for further details). According to previous studies (Ares et al. 2013; de Saldamando et al. 2013) samples included in Set 1 represented a wider range of sensory characteristics than samples included in Set 2.

Samples were prepared by dissolving the powders in tap water as recommended by the manufacturer on the package. They were stored in a fridge at 10°C until they were served to consumers, within 4 hours from preparation. 

Consumers

A total of 132 consumers were recruited from the University campus (Universidad de la República, Montevideo, Uruguay) based on their availability and interest to participate. Their ages ranged from 18 to 60 years old and they were 71% female. Participants signed an informed consent agreement and received a small gift for their participation.


Consumers were randomly divided into three groups of similar size (Groups I, II and III), each of which evaluated the samples using a different sets of poles for each of the sample sets. Chi-square tests indicated that differences in the gender and age frequency distributions of the groups were not significant (p>0.18). 
Selection of the poles for the Polarized Sensory Positioning task


In each sample set, the poles selected for Groups I and II represented the main sensory characteristics of the samples.  The poles in Groups I and II had similar sensory characteristics. Meanwhile, the three poles included in Group III were more similar among each other than the three poles used for Groups I and II. In this case, the poles represented a  narrower sensory space than those in Groups I and II. A description of the poles used by each group is presented in Table 2.

Insert Table 2 around here


The set of poles were selected according to results of previous studies (Ares et al. 2013) and trained assessors' evaluations using Descriptive Analysis. The average intensity of the most relevant sensory characteristics of the three sets of poles considered for each of the sample sets is shown in Table 3. 


For Set 1, the set of three poles considered for Group I was selected to represent the three main sensory characteristics: sweetness, sourness and total flavour intensity. Sample P1 represented sour drinks with high total flavour intensity, sample E was characterized by its low flavour intensity and sample F by its sweetness. The poles of Group II also represented these main characteristics and therefore included a sour pole (sample B), a sweet pole with high total flavour intensity (sample C) and one with low total flavour intensity (sample P2). For Group III poles represented sour and sweet drinks (samples P1 and F, respectively) but none of the poles represented drinks with low total flavour intensity. Instead, a pole with intermediate characteristics to those of the other two poles (Sample A) was included (Table 3). 


The main characteristics that determined consumers' perception of similarities and differences among samples of Set 2 have been identified in previous studies as off-flavour, total flavour intensity, sweetness and mandarin flavour. As shown in Table 4, consumers in Group I completed the PPM task using one pole with intense off-flavour (sample K), one pole with intense sweetness and mandarin flavour (sample H), and a third pole with low total flavour intensity (Sample P5). The poles in Group II had similar characteristics to those included in Group I: sample H (included in both groups), sample P4 (intermediate off-flavour intensity) and sample G (low total flavour intensity) (Table 3). Meanwhile, the poles included in Group III did not include a pole with intense sweetness and mandarin flavour. This group of poles was composed of a sample with intense off-flavour (sample K), one sample with low total flavour intensity (sample L) and one intermediate sample between these two (sample P4) (Table 3).

Insert Table 3 around here


Consumers received 100 mL of each one of the 3 poles and approximately 30 mL of each sample, which were served in plastic glasses and coded with three-digit random numbers. Consumers were asked to evaluate the poles and the samples, and to place the latter on a white sheet of paper (42cm x 30cm) in which the 3 reference samples or poles had been previously located (Figure 1). The position of the poles on the sheet of paper was determined based on results from previous studies. The position of the poles was the same for all consumers, for both Set 1 and 2. 


Consumers were explained that they had to place the samples in the sheet according to their similarities and differences, taking into account the places where the references had been previously located. Consumers were told that samples that were placed close to each other were similar and those that were far from each other were different. They were also explained that they had to complete the study according to their own criteria and that there were no right or wrong answers. After positioning the samples consumers were asked to provide a description of the samples by writing on the same sheet. 

In the same session consumers evaluated the two sample sets, separated by a 5 minutes break. Presentation order of the sets was balanced across consumers. 
Still mineral water was available for rinsing between samples. Testing took place in a sensory laboratory in standard sensory booths that was designed in accordance with ISO 8589 (ISO 2007), under artificial daylight and temperature control (22ºC). 
Insert Figure 1 around here
Data analysis


The X and Y coordinates of the samples on the sheet were analyzed using Multiple Factor Analysis (MFA) considering each consumer as a separate group of variables (Pagès 2005) and the poles as supplementary individuals. Confidence ellipses were calculated using parametric bootstrapping (Dehlholm et al. 2012).


In each study, comparison of sample configurations from the different consumer groups were performed using the RV coefficient (Robert and Escoufier 1976). A permutation test was used to evaluate the significance of the RV coefficient (Josse et al. 2008).

For each PPM task the words elicited by consumers in the description phase were qualitatively analyzed. First, a search for recurrent terms was performed in which terms with similar meaning were grouped into different categories within each drink. This classification was performed independently by two researchers considering personal interpretation of the meaning of the words and word synonymy as determined by a Spanish dictionary. After individually evaluating the data, a meeting of the researchers was undertaken in order to check the agreement between their classifications. The final categories and their names were determined by consensus between the two researchers, considering their two independent classifications in an open discussion. The frequency of mention of each category was determined by counting the number of consumers who elicited words within each category. Terms mentioned by at least 5% of the consumers were retained for further analysis.  


Multiple factor analysis for contingency tables (MFACT) was applied on the frequency tables of the three consumer groups to obtain a representation of terms (Bécue-Bertaut and Pagès 2004). 

All statistical analyses were performed in R language (R Core Team, 2013) using FactoMineR (Lê et al.  2008) and SensoMineR (Lê and Husson  2008).
RESULTS
Sample configurations


The set of poles used in the evaluation affected the percentage of variance explained by the first two dimensions of the MFA. As shown in Table 4, for both sample sets the lowest percentage of explained variance was obtained when the poles were closer, representing a narrower sensory space other (Group III).
Insert Table 4 around here


In general, sample configurations were not largely affected by the set of poles. As shown in Table 4, the RV coefficients between sample configurations in the first two dimensions of the MFA were equal or higher than 0.84. For Set 1, which included samples that represented a wide range of sensory characteristics, highly similar sample configurations (RV=0.96) were obtained when poles with similar characteristics were considered (Groups I and II).


Differences in conclusions regarding similarities and differences among particular samples were identified when the evaluations were performed with different sets of poles. In the first set of samples (Set 1) changing the set of poles by another with similar characteristics (Group I and Group II) affected the overlapping of the confidence ellipses of samples A and B, and samples D and E (Figure 2 (a) and (b)). On the other hand, when sets poles with different characteristics were considered sample configurations differed in the relative position of sample F with respect to sample C, as well as in the overlapping of the confidence ellipses of samples A and B,and D and E (Figure 2 (a) and (c)). When both samples A and F were considered as poles (i.e. Group III), the discrimination between samples A and B increased, while sample F was regarded as similar to both samples D and E. For Groups I and II sample F was markedly different from samples D and, E.
Insert Figure 2 around here

Changing the set of poles had a larger influence on sample configurations of Set 2 than on sample configurations of Set 1. With respect to the differences in conclusions regarding similarities and differences among particular samples, considering sets of poles with similar characteristics (Group I and Group II) led to changes in the relative position of samples G and L with respect to samples J, H and I (Figures 3 (a) and (b)). Using poles with different characteristics provided less similar maps (Group III). When the poles represented the whole sensory space (Groups I and II) samples were widely distributed along the first two dimensions of the MFA. Meanwhile, when the poles were highly similar, samples were sorted into three clearly separated groups, as shown in Figure 3 (c). 

Insert Figure 3 around here

Consumers' descriptions


Consumers' descriptive terms were grouped into categories. For both sample sets, the number of categories elicited by at least 5% of the consumers did not differ between consumer groups, suggesting that the set of poles did not influence the terms consumers used to describe the samples. 

A total of 18 and 19 categories were considered for Set 1 and 2, respectively. Consumers described the samples using terms related to specific sensory characteristics of the drinks (e.g. Sour, Sweet, Orange flavour), terms describing total flavour intensity (e.g. Concentrated, Diluted, Tasteless) and also terms with hedonic connotation  (e.g. Disgusting, Yummy). Sour, Sweet and Diluted were the most elicited categories for describing samples included in Set 1, while Diluted, Sweet and Tasteless were the most relevant categories for Set 2. It is interesting to highlight that although mandarin flavour was considered a relevant sensory attribute for describing the characteristics of the poles, this term was seldom mentioned by consumers for describing samples.

Figure 4 shows results from MFACT performed on the frequency table containing terms used by the three consumer groups to describe samples of Set 1 when different sets of poles were considered. As shown, identical terms from the three consumer groups were located closed to each other, suggesting that they were used similarly. As shown in Figure 4, terms related to the main sensory characteristics responsible for similarities and differences among the drinks (e.g. Sour, Sweet, Concentrated, Diluted, Tasteless, Off-flavour, Mandarin flavour, Orange flavour) were located close to each other in the map, suggesting that they were used in the same way by the three consumer groups who used different poles. Similar results were obtained for the hedonic terms Yummy and Disgusting. This suggests that the set of poles did not affect the way in which consumers used these terms to describe samples. On the other hand, terms with intensity connotation, such as Very sour, Not very sour, as well as terms related to sensory characteristics that did not differ among samples (e.g. Bitter), were located far from each other for the different groups, indicating that they were not used in a stable way by the three consumer groups. Similar results regarding the use of terms were obtained for Set 2 (data not shown). 

Insert Figure 4 around here

DISCUSSION AND CONCLUSIONS

The key step for the implementation of reference-based sensory characterization methodologies is the selection of the poles (Varela and Ares 2012; Teillet 2014). The present work studied the influence of the set of poles on results from PPM by considering poles that represented the sensory characteristics that defined consumers' perception of similarities and differences among samples to different extent, as determined in previous studies (Ares et al. 2013; de Saldamando et al. 2013). 


The poles for Groups I and II were selected to represent the sensory characteristics responsible for the main similarities and differences among samples. In Set 1 this implied considering samples with distinct sweetness, sourness and total flavour intensity, whereas in Set 2 the main sensory characteristics were off-flavour, total flavour intensity, sweetness and mandarin flavour. Meanwhile, the selection of poles of Group III did not represent one of the sensory characteristics responsible for consumers' perception of similarities and differences among samples in the product category. In Set 1 this was achieved by not including poles with low total flavour intensity, while in Set 2 none of the poles in Group III had intense mandarin flavour (Table 3).

Using different sets of poles which represented the main sensory characteristics responsible for perceived similarities and differences among samples had a minor influence on sample configurations. When the set of poles represented the entire range of variability in the sensory characteristics of the sample set, i.e. the whole sensory space, samples tended to be located within the space defined by the poles (Figures 2a, 2b, 3a and 3b). Therefore, using poles with similar characteristics led to the same conclusions regarding the main similarities and differences among samples. These findings mirrors those reported by de Saldamando et al. (2013) when studying the influence of poles on results from PSP. According to that study, considering sets of poles with similar characteristics led to minor differences in sample configurations and caused small changes in conclusions regarding similarities and differences among samples. These results suggest that perceived similarities and differences between samples and the poles were defined by the main sensory characteristics of the poles and therefore considering sets of poles that differ in other sensory characteristics does not largely affect results of PPM. 

Meanwhile, when the set of poles was replaced by another one which represented a smaller range of variation in sensory characteristics, sample discrimination and conclusions regarding similarities and differences among samples were slightly affected. For Set 1 (Figures 2(a) and 2(c)), sample discrimination for samples markedly different to the poles decreased (samples D and E). For Set 2, sample discrimination decreased through the consideration of a set of similar poles (Figures 2(a) and 2(c)). These results suggest that even if the set of poles does not represent the entire sensory space (i.e., the main sensory characteristics responsible for similarities and differences among samples), the methodology allows the identification of samples with widely different characteristics (i.e. samples D and E in Set 1 and Sample K in Set 2). Similar results have been reported by Teillet et al. (2010) when evaluating mineral waters using PSP. These authors reported that the methodology allowed the identification of a chlorinated water sample, despite the fact that the poles represented different degree of mineralization. However, it should be considered that the ability of the methodology to discriminate among samples that differ in sensory characteristics not represented by the poles is expected to be low. 


Results from the present work suggest that the degree of difference among the poles can affect sample discrimination. In Set 1 reducing the degree of difference among the poles led to an increase in sample discrimination within the area of the sensory space that was represented by the poles (samples A, B, C and F) (c.f. Figures 2(a) and 2(c)). Considering poles with smaller differences in their sensory characteristics could enable consumers to better discriminate among samples in that particular area of the sensory space because they focus on a narrower sensory space. However, it should be taken into account that if the poles are too similar to each other the difficulty of the test increases and consumers' ability to evaluate the degree of difference between the samples and the poles could decrease, also the saturation and tiredness because of sample re-tasting could play a role in this case. This effect was observed by comparing sample configurations of Set 2 obtained using Group I and Group III (c.f. Figures 2(a) and 2(c)). In summary, it seems advisable to select poles that represent the whole sensory space defined by the samples to be evaluated and that have an intermediate degree of difference among them, in order to achieve good discrimination without making the task too difficult. 

In the description phase of PPM consumers did not describe the samples by comparing them to the poles; instead they provided a brief description of the sensory characteristics of each sample in absolute terms.
The terms used by consumers in the descriptive phase of the PPM task were not affected by the use of different sets of poles, nor did the way in which consumers used those terms to describe samples. The terms provided by consumers using different sets of poles were located close to each other in the MFACT, suggesting that there was a good agreement in consumers' descriptions and that consumers' perception of the samples was not affected by the set of poles. 
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FIGURE CAPTIONS
FIGURE 1. GRAPHICAL REPRESENTATION OF HOW THE POLES WERE LOCATED IN THE EVALUATION SHEETS.
FIGURE 2. SAMPLE REPRESENTATION ON THE FIRST AND SECOND DIMENSIONS OF MULTIPLE FACTOR ANALYSIS PERFORMED ON DATA FROM THE EVALUATION OF SET 1 BY THREE CONSUMER GROUPS USING THREE DIFFERENT SETS OF POLES: GROUP I (A), GROUP II (B), GROUP III (C).
FIGURE 3. SAMPLE REPRESENTATION ON THE FIRST AND SECOND DIMENSIONS OF MULTIPLE FACTOR ANALYSIS PERFORMED ON DATA FROM THE EVALUATION OF SET 2 BY THREE CONSUMER GROUPS USING THREE DIFFERENT SETS OF POLES: GROUP I (A), GROUP II (B), GROUP III (C).
FIGURE 4. REPRESENTATION OF THE TERMS USED BY CONSUMERS TO DESCRIBE THE SAMPLES, ON THE FIRST AND SECOND DIMENSIONS OF THE MULTIPLE FACTOR ANALYSIS FOR CONTINGENCY TABLES PERFORMED ON DATA FROM THE EVALUATION OF SET 1 BY THE THREE CONSUMER GROUPS WHO USED DIFFERENT SETS OF POLES. EACH TERM IS REPRESENTED BY THE BARYCENTER OF THE EVALUATIONS OF THE THREE GROUPS (CENTRAL POINT) AND THE INDIVIDUAL REPRESENTATION OF EACH OF THE GROUPS.
TABLES
TABLE 1. DESCRIPTION OF THE SIXTEEN ORANGE-FLAVOURED POWDERED DRINKS CONSIDERED IN THE TWO SAMPLE SETS. 
	Sample
	Main characteristics
	Sample set

	A
	Contains sugar and vitamins A, C, B2, B3, B6, folic acid
	1

	B
	Without sugar
	1

	C
	Contains sugar and sweeteners
	1

	D
	Contains sugar and sweeteners
	1

	E
	Contains sugar and sweeteners
	1

	F
	Contains sugar and vitamins A, C, B2, B3, B6 and B9
	1

	G
	Contains sugar and sweeteners
	2

	H
	Contains sugar and sweeteners
	2

	I
	Contains sugar and sweeteners
	2

	J
	Contains sugar and sweeteners
	2

	K
	Contains sugar, sweeteners and vitamin C
	2

	L
	Contains sugar and sweeteners
	2

	P1
	Without sugar
	1

	P2
	Contains sugar and sweeteners
	1

	P4
	Contains sugar and sweeteners
	2

	P5
	Contains sugar and sweeteners
	2


TABLE 2. DESCRIPTION OF THE POLES FOR THE THREE CONSUMER GROUPS WHO PARTICIPATED IN THE POLARIZED PROJECTIVE MAPPING STUDY. 
	Group 
	Number of consumers
	Poles (**)
	Description

	
	
	Set 1
	Set 2
	

	Group I
	44
	P1, E, F
	P5, K, H
	Poles represented the main sensory characteristics of the sample set

	Group II
	45
	B, P2, C
	P4, G, H
	Poles had similar sensory characteristics than those in Group I

	Group III
	43
	P1, A, F
	P4, K, L
	Poles represented a narrower part of the sensory space than those in Groups I and II


TABLE 3. AVERAGE INTENSITY SCORES OF THE MAIN SENSORY CHARACTERISTICS OFSAMPLES CONSIDERED AS POLES BY THE THREE GROUPS OF CONSUMERS, ACCORDING TO DESCRIPTIVE ANALYSIS PERFORMED BY A TRAINED ASSESSORS' PANEL.
	Set
	Pole
	Group
	Sweetness
	Sourness
	Mandarin flavour
	Off-flavour
	Total flavour intensity

	1
	P1
	I, III
	4.3 a,b
	6.5 d
	0.5 a
	0.3 a
	6.5 c

	
	E
	I
	3.6 a
	1.3 a
	0.4 a
	1.5 b
	2.3 a

	
	F
	I, III
	6.3 d
	2.8 b
	0.5 a
	0.6 a
	6.2 c

	
	B
	II
	3.8 a
	7.3 d
	0.4 a
	0.2 a
	6.5 c

	
	C
	II
	7.3 e
	2.3 b
	7.3 b
	0.9 a, b
	7.3 d

	
	P2
	II
	4.6 b
	1.4 a
	1.0 a
	1.4 b
	4.0 b

	
	A
	III
	5.2 c
	5.6 c
	0.6 a
	0.7 a
	6.8 c,d

	2
	P5
	I
	3.6
	1.3 a
	0.4 a
	1.5 a
	2.3 a,b

	
	K
	I, III
	4.2
	1.0 a
	1.1 a
	7.6 c
	1.8 a

	
	H
	I, II
	6.3
	2.3 b
	4.0 b
	0.9 a
	5.3 d

	
	P4
	II, III
	4.6
	1.4 a,b
	1.0 a
	3.4 b
	4.0 c

	
	G
	II
	5.6
	2.0 b
	0.7 a
	0.7 a
	3.0 b

	
	L
	III
	4.8
	3.3 c
	1.0 a
	0.6 a
	4.0 c


Average values within a column and sample set with different superscripts are significantly different according to Tukey's test for a 95% confidence level. 

TABLE 4. PERCENTAGE OF VARIANCE EXPLAINED BY THE FIRST TWO DIMENSIONS OF THE MULTIPLE FACTOR ANALYSIS FROM POLARIZED PROJECTIVE MAPPING PERFORMED BY THREE CONSUMER GROUPS AND RV COEFFICIENTS BETWEEN SAMPLE CONFIGURATIONS OF THE GROUPS.
	Sample set
	Set of poles (*)
	Percentage of variance explained by the first two dimensions of the MFA
	RV coefficient between sample configurations

	
	
	
	Group I
	Group II

	Set 1
	Group I
	74.9%
	1
	-

	
	Group II
	63.3%
	0.96 ***
	1

	
	GroupIII
	55.0%
	0.84 ***
	0.84 ***

	Set 2
	Group I
	65.6%
	1
	-

	
	Group II
	60.1%
	0.87 ***
	1

	
	Group III
	57.0%
	0.87 ***
	0.87 ***


(*) The description of the set of poles used by each group is provided in Table 3.
* indicates that the RV coefficient is significant at p≤0.05, ** indicates that the RV coefficient is significant at p≤0.01, while *** indicates that the RV coefficient is significant at p≤0.001.
