	Sensometrics: Panel perfomance
	Nuria Duran Adroher

Mathilde Hoppenreys

Cathy Kermarrec



Panel performance
1I.
Introduction


2II.
Data analysis



2A.Panel performance



        41-Power of discrimination




4a.Product effect and judge effect



        42-Panel reproducibility




Erreur ! Signet non défini.a.Session effect




4b.Interaction product:judge



        73-Panel repeatability




7a.Interaction product:session




8b.Interaction session:judge



8B.Panelists performance



        91-Panelists agreement



        102-Discrimination power of every panelist



        123-Repeatability


14III.
Conclusion




I. Introduction 


Knowing the performance of a panel is essential for the products evaluation. Indeed, to assess them it is needed to detect differences if they exist. A panel can be considered efficient if it can discriminate products and if it is reproducible and repeatable from one session to another. In the following paper, the whole panel performance will be first studied, then the individual one (panelists performance), thanks to several analyzes, such as tests on several principal effects and interactions. 


The dataset of this study is the assessment by 24 judges of 8 smoothies during 3 sessions. 
II. Data analysis
A. Panel performance

In order to evaluate the performance of a panel, the following model will be used, where “Descriptor Grade” represents the mean for each parameter which has been used to describe the products.

Descriptor Grade ~Product+Judge + Session + Product:Judge + 

Product: Session +Judge: Session
In the software R, we use the « panelperf » function of the package SensoMineR on the previous model. The R script and one of its outputs, the panel performance table, are the following:
	results=panelperf(jus[,c("Product", "Judge", "Session", "Smell intensity", 

  "Smell typicity", "Taste intensity", "Acidity", "Sweetness", "Bitterness", 

  "Taste typicity", "Consistency", "Heterogeneity")],firstvar=4,

  formul="~Product+Judge+Session+Product:Judge+Product:Session+Judge:Session",

  random=1)

results$p.value

coltable(magicsort(results$p.value, sort.mat = results$p.value[,1], bycol = 

  FALSE,method = "median"),main.title = "Panel performance (sorted by product 

  P-value)")


Figure 1: R script corresponding to the model with main effects and interactions of order 1.
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Table 1: Global panel performance: P-values of the ANOVA model for all the descriptors for principal effects and interactions.


The previous table enables to determine the whole panel performance on all the descriptors. In order to do it, tests on several effects (main effects and interactions) are performed.  Descriptors are sorted by their p-value from the smallest to the biggest in the “Product” column: Consistency is the most discriminating parameter and Bitterness is the least one. In fact, not only Bitterness is the descriptor that the panel distinguishes the least, but also, because its p-value is way above 0.05, this descriptor cannot enable to distinguish one product among the others significantly. On the opposite, the remaining descriptors are quite effective to discriminate since their p-values are under 0.05, so products have different sensory perceptions.
1- Power of discrimination

a. Product effect and judge effect

A significant product effect means that judges can discriminate products. In this example, products have been differentiated for all the descriptors except for Bitterness.

The judge effect is significant for every descriptor (p-value above 0.05), which happens most of the time in sensory analysis. Although panelists receive training to grade the importance of each descriptor, they don’t use the scale in the same way. However, it will not affect a lot the interpretation since this effect is taken off thanks to the ANOVA model.
2- Panel reproducibility 

a. Interaction product:judge

If the interaction product:judge is significant, it means that there is no total consensus among the panel to evaluate each product. For example, here Sweetness is the descriptor for whom the interaction product:judge is the most significant. This can be due to two different situations. To illustrate them, the descriptor Sweetness, two different products (A and B) and two judges (1 and 2) will be considered:

· In the first situation, the judge 1 gives a bad mark to the product A concerning the descriptor Sweetness whereas the judge 2 gives a good one; and this is the opposite for the product B: the judge 1 gives a good grade whereas the second one gives a bad grade. Consequently, panelists disagree on the order of the products classification thus a trend cannot be pointed out: regarding the judge 1, B is sweeter than A whereas it is the contrary for the judge 2.
· In the second situation, the gap of grades between two judges is different from one product to another, but panelists range the products in the same way: B is sweeter than A for both.
The graph below describes each situation:
	Situation 1
	Situation 2
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Figure 2: Two possibilities of the interaction product: judge


In the case studied here, the interaction product:judge is not significant for Consistency and Smell intensity, with respective p-values of 0.08736 and 0.8198. Thus there is a consensus of the panel in grades only for these two assessment parameters. 

In order to study the panel reproducibility, the coefficients of the interaction product:judge will be considered for each product with each panelist. The R script, to visualize it, is the following: 
	results=graphinter(jus[,c("Product", "Judge", "Session", "Sweetness", 

  "Taste typicity")],col.p=1,col.j=2,firstvar=4,numr=2,numc=2)

results=interact(jus[,c("Product", "Judge", "Session", "Sweetness", "Taste 

  typicity")],col.p=1,col.j=2,firstvar=4)


Figure 3: R script to obtain the coefficients and graphs of the interaction product:judge for the descriptors Sweetness and Taste typicity.
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Table 2: Coefficients of the interaction product:judge for the descriptor Sweetness and for the 6 first judges.
The previous table illustrates, for the descriptor Sweetness, the coefficients of the interaction product:judge, which are calculated in the following way: for each product, the mean grade given by all the judges, all the sessions taken together, is considered as the expected grade for a product. The difference between this expected grade and the one given by a concrete judge, all the sessions also taken together, is represented by the interaction product:judge coefficient. Consequently, there is a value for each couple product i judge j that represents how far the judge j graded the product i relating to the product’s mean. In table 2 products are assigned by rows and judges by columns.  For example, in this case judge 1 gave a surprising low grade to the product Casino ABC: the observed grade is 3.74 points below the expected mark. The judge 5 gave roughly the expected mark for the product Immédiat MP.

Now it could be interesting to focus on judges and products who contributed the most to the interaction product: judge.
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Figure 4: Products contribution for the interaction product:judge

This graph, obtained thanks to the upper script, illustrates the contribution of the products to the interaction product:judge regarding the descriptors Sweetness and Taste typicity. The height of the bars concerning the two descriptors is almost the same for each product, which means that there is a homogeneous contribution of the products to their respective interaction. Nevertheless, Carrefour MP and Casino ABC contributed more than the other products to the interaction for the parameter Sweetness. Thus the Sweetness of these smoothies has not been perceived in the same way by the panelists. On the opposite, the product Carrefour MP contributed the less to the interaction concerning the Taste typicity descriptor. This product has been assessed in the same way by all the judges for this descriptor.
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Figure 5:  Contribution of the judges to the interaction product:judge

This second graph illustrates the contribution of the judges to the interaction product:judge with respect to the descriptors Sweetness and Taste typicity. Regarding the first descriptor, judges 1 and 24 are the ones who contribute the most to the interaction, so these assessors are the ones who gave more outstanding (high or low) grades to some products referring to this descriptor. In other words, they played an essential role to the determination of the signification of this interaction. Concerning the second descriptor, the judges 16, 19 and 24 are the ones who stand out. 
3- Panel repeatability

a. Interaction product:session

If the interaction product:session is significant, it implies that from one session to another each product is not assessed in the same way. However, this interaction effect is different to the principal session effect: the latter refers to a global variation of the mean of all the products between sessions whereas the interaction refers to the variation of the mean of each product from one session to another.

In this example this interaction is significant for the descriptors Consistency, Acidity and Smell intensity (respective p-values 0.008536, 0.02509 and 0.04425). One or several products are perceived differently from a session to another as regard to these descriptors. Thus products don’t have the same mean for these descriptors following the sessions.
b. Interaction session:judge

If the interaction session:judge is significant, from one session to another, one or more judges don’t have the same grade mean for all the products. This is the case of five descriptors in this study. 
B. Panelists performance
A panelist can be considered efficient if he can discriminate, is repeatable and agrees with the rest of the panel. 
1- Panelists agreement
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Table 4: Correlations between each judge and the panel for all the descriptors

This table shows the correlations of each judge with the whole panel for each descriptor. Both judges in lines and descriptors in columns are sorted by their marginal median from the strongest median of correlations to the weakest one. Positive correlation above 0.85 is colored in blue, which means that the corresponding judge agrees with the whole panel. Negative correlation is colored in red.


As a general trend, all the judges agree (with a correlation above 0.85) on the products rates concerning the three first descriptors of the table (Consistency, Acidity and Heterogeneity).


The Bitterness descriptor is the one which has the biggest number of negative correlations, so there is no general agreement between the panelists for this descriptor. This confirms what it was said before, the fact that Bitterness was the least discriminating descriptor. For this parameter, the Judge 6 has an important negative correlation coefficient: -0.7424. Maybe this person identified properly Bitterness but he used the scale grade in the opposite way (he gave low grades for high Bitterness instead of high grades and vice versa). 

2- Discrimination power of every panelist
To evaluate panelists’ individual efficiency, the following ANOVA model for each judge can be used, where “Descriptor Grade” represents the mean for each parameter which has been used to describe the products.
Descriptor Grade ~Product+Session

The R script and one of its outputs, the product effect table for each descriptor, are the following:
	results=paneliperf(jus,firstvar=4,
formul="~Product+Judge+Session+Product:Judge+Product:Session+Judge:Session",

 formul.j=~"Product+Session",random=1,col.j=2,graph=0,synthesis=1)

results$prob.ind

resprob<-magicsort(results$prob.ind, method = "median")

coltable(resprob, level.lower = 0.05, level.upper = 1,main.title = 

 "P-value of the F-test (by panelist)")

results$agree.ind

resagree<-magicsort(results$agree, method = "median", ascending = FALSE)

coltable(resagree, level.lower = 0.00, level.upper = 0.85,main.title = 

 "Agreement between panelists")

results$p.value coltable(magicsort(results$p.value, sort.mat = results$p.value[,1], bycol = 

 FALSE,method = "median"),main.title = "Panel performance (sorted by product

 P-value)")


Figure 9 : R script to obtain the P-values of the product effect for all judges and descriptors.
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Table 5: P-values of the product effect for all judges and descriptors.
This table shows the ability of each judge to differentiate the products for every descriptor. The p-values refer to the product main effect for all judges and descriptors. Both judges in lines and descriptors in columns are sorted by their marginal median from the biggest p-value to the smallest one. The significant p-values (under 0.05) are colored in red. These ones indicate that the corresponding judges managed to differentiate products for the descriptor concerned. For instance, the judge 21, with a p-value of 0.00017 for the descriptor Sweetness, perceived the difference of sweetness between each product. This is not the case of the judge 7: for the descriptor Bitterness, he gets a p-value of 0.9513 so he didn’t distinguish the difference of bitterness between the products.
3- Repeatability
The panelist repeatability can be assessed by the study of the standard deviations of the residual of the model described at the beginning of the point B.2. Indeed, the interaction product:session is observed, for each judge, through the residual. The following R script enables to obtain the table of these standard deviations.
	results=paneliperf(jus[,c("Product", "Judge", "Session", "Smell intensity", "Smell typicity", "Taste intensity", "Acidity", "Sweetness", "Bitterness", "Taste typicity", "Consistency", "Heterogeneity")],firstvar=4,formul="~Product+Judge+Session+Product:Judge+Product:Session+Judge:Session", formul.j=~"Product+Session",random=1,col.j=2,graph=1,synthesis=1)

results$res.ind

coltable(results$res.ind)


Figure 10 : R script to obtain the table of the standard deviations of every judge for every descriptor.
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Table 6:  Standard deviation of every judge for every descriptor.

The table 6 presents the standard deviation of the model residual for each judge and each descriptor. This measure shows the ability of each judge to be repeatable, that is to say, to always give the same grade to each product. Consequently, if the standard deviation is greater than 1.96, the corresponding judge doesn’t manage to give a mark in a narrow range through the different sessions. 

For instance, judge 1 has a significant standard deviation for each descriptor, so he graded highly differently the products during the different sessions. These results are consistent with his non-ability to differentiate each product and that is why he is the last one in the table 5.

Judge 10, on the contrary, gave more or less the same grade to each product through the sessions; the standard deviation of the grade of each descriptor is under 1.96. Indeed, in the table 5, he is the first one in the ability to discriminate. Even though judge 11 also has a narrow standard deviation, he doesn’t discriminate well the products as it can be seen in table 5 (he is one of the worst in discriminating). His low standard deviation is due to the fact that he doesn’t use the whole scale when grading. In fact, he gives more or less the same grade for the set of products.

III. Conclusion

In this study, the panel was quite efficient. Indeed the product effect is significant for all the descriptors except Bitterness. Panelists managed to point out differences between products. Panelists agreed on the way of assessing products for three main descriptors Acidity, Consistency and Heterogeneity. There is no session effect, except for the descriptor Consistency, because judges assessed in the same way during the different sessions. Nevertheless, all the judges were not reproducible and repeatable and there were no consensus between judges concerning some descriptors. Maybe with a little bit of training and by putting off some judges, the ones who contributed a lot to the interaction, the panel could be really efficient; panelists could rate the smoothies in a more similar way.
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