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Introduction

The panel performance is a recurrent issue in sensory analysis for industrial fields: the reliability of the tasting results depends on this.

The goal of this study is to measure panel performance for different groups and then to compare their vision of the products.

In order to realize this study the data we have at our disposal is composed of three different datasets: French experts, French students and Pakistani students. In each dataset these panels described 8 biscuits.

The first point of this study is going to show the product characterization and panel performance through different SensoMineR functions (panellipse, panellipse.session) to study the discrimination and repeatability for the three panels. The second part is going to compare the three points of view toward the products thanks to a Multiple Factor Analysis and the panelmatch function.

I. How biscuits are described by the expert panel.

This dataset is composed of 12 panellists who described the 8 biscuits with 23 descriptors during 2 sessions. 

A) Characterization of products

In order to determine the main characteristic variables of the products for the panel, we used the decat function of SensoMineR and kept the following graphic.

(Rcmdr -> SensoMineR -> Characterization products -> Description of each product)

results=decat(experts,firstvar=4,formul=~produit+juge+seance+produit:juge+produit:seance+seance:juge)


[image: image1]
We can see that all the variables except Tfarineux and Goeuf are significant to discriminate the biscuits.

For the rest of the study (products characterization and panel discrimination), we are going to use the panellipse function of SensoMineR which allows us to obtain all the following graphics.

(SensoMiner -> Characterization products -> Multidimensional sensory profile)

results1<-panellipse(experts, col.p=3,col.j=2, firstvar=4)
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The two first axes represent 60% of the variability within the products. The first component divides the texture variables from the sugary flavour (vanilla and caramel). The second one divides the lemon flavour from all the other ingredients. According to the individuals factor map, the 2 extreme products are P3 for its sugary flavour with no characteristic texture and P2 for its lemon flavour.

We can notice that Pakistani and French biscuits are not divided in two clusters but mixed together.

B) Panel performance

a. Discrimination

To be able to see the discrimination between the products, we look at the ellipses given by the panellipse function and at the table obtained with the Hotelling test. 

coltable(results$hotelling, main.title =  "P-values for the Hotelling T2 tests")
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Each ellipse is built as a trusty index (for a product, 95% of the 500 virtual panels give this product inside the ellipse). Therefore, when two ellipses are disjointed, we are sure that the products are significantly different.

As for the intersected ellipses, we need to use the table to conclude.

Here, we see 5 distinctive groups: P2 and F4 on their own, but the expert panel could not make a significant difference between P3 and F2, P1 and F1 and eventually P4 and F3.

Regarding the consensus between the panellists, the shape of the ellipses informs us on the existence of an agreement among the judges for the products distinction.

To know the analysis of variance results on each descriptor, we used the panelperf function and we looked at the column produit:juge.

(SensoMineR -> Panel performance -> Panel performance)

results=panelperf(experts,firstvar=4,

  formul="~produit+juge+seance+produit:juge+produit:seance+seance:juge")

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

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

  P-value)")
Every time the interaction product : judge is significant, it means that there is no consensus for this variable. Yet, the product effect is compared to produit:juge, so when the product effect is also significant, we can say that the judges do have a consensus on their products vision even if the interaction is significant. It is the case for most of the variables.

Moreover, the variables factor map containing the virtual panel points for each descriptor gives us the consensus information.


[image: image4]
We can see again the strong consensus toward different descriptors, in particular épaisseur, friabilité, Gcitron and Ocitron. Only a few are really scattered, like Goeuf and Tfarineux. We can notice that we find again the descriptors that had a no significant product effect.

b. Repeatability

We are focusing now on the panel results among the two sessions using the panellipse.session function of SensoMineR.

(SensoMineR -> Panel performance -> Repeatability of the multidimensional sensory profile)

res<- panellipse.session(experts,col.p = 3,col.j = 2,col.s = 1,firstvar = 4)

magicsort(res$variability)

for (i in 1:dim(res$hotelling$bysession)[3]) coltable(res$hotelling$bysession[,,i], 

    main.title = paste("P-values for the Hotelling's T2 tests (",

    dimnames(res$hotelling$bysession)[3][[1]][i],")",sep=""))

results$hotelling

The partial points are not that far away from each other, the vision of the products is the same from a session to the other. Indeed, we see a good overlapping between the two sessions for each product.
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However, we notice that there is more overlapping between different products: by looking at the Hotelling tests, the products P3 and F1 are confused at the 2nd session.

Session 1: 





Session 2 :
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coltable(results$hotelling$bysession[,,1])                coltable(results$hotelling$bysession[,,2])
To conclude, the expert panel is efficient to characterize the products through many variables, they were able to discriminate the biscuits in 5 groups with a strong consensus and were repeatable from one session to another.

II. How biscuits are described by the french students panel.
This dataset is composed of 12 panellists that studied the biscuits through 23 descriptors during 2 testing sessions.

A) Characterization of products

Using the decat function, we found that there are only two non significant descriptors to characterize the biscuits, all the others are significant.
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Using the panellipse function from SensoMineR, we obtained the following graphics.
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The first two axes represent 64% of the variability, which is slightly higher than the expert panel. We find almost the same variables factor map: the first axis divides the sugary flavour biscuits from the texture properties, the second one divides the lemon flavour from the others ingredients of the biscuits.

The products are almost at the same place than with the experts, with P3 and F4 the extreme products on the first axe, and P2 extreme on the second one.

B) Panel performance
a. Discrimination

By looking at the ellipses, the products seem even more different from each other, especially for the products P2, P3 and F4. However the confusion is higher between F1 P1 and F2. Overall, when we look at the Hotelling test table, we see that there is the same amount of confusion than with the expert panel. 
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As for the consensus, for most of the variables the representation of the different virtual panels is concentrated around the variable. On the PanelPerformance table, a lot of variables have a significant interaction produit:juge (red ellipse) but the products effects are significant too. Therefore, the consensus among the judges is often strong.
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b. Repeatability

On the PanelPerformance table, there are only two significant interactions seance:produit. Moreover, on the confidence ellipses graphic, the partial points are not that far away from each other, the vision of the products is the same from a session to another. We see a good overlapping between the two sessions for each product.
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Between the two sessions, even though the panel is repeatable, there is one more overlapping between the ellipses F1 and F2 during the second session. Like the expert panel, the products are less discriminated during that second testing session.

To conclude, the French students are efficient to characterize the products through many variables, they were able to discriminate the biscuits, isolating 3 of them and the consensus was strong for many variables. Eventually, they were repeatable from one session to another.

III. How biscuits are described by the Pakistani students panel.

This dataset is composed of 11 panellists who described the 8 biscuits with 16 descriptors on only 1 session. 

A) Characterization of products
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All of the descriptors are significant to characterize the biscuits except the softness, sweetness and saltiness.
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We find almost the same percentage of inertia (around 60%) as with the expert panel. On the first component, we find again the division between the vanilla flavour products and the products having an unusual texture.

But on the second component, the lemon flavour was not one of the descriptors, so we see an opposition between the products with a milk flavour and the other products.

B) Panel performance

The repeatability of this panel can not be studied, because the testing was only measured on one session. However, we can still look at the discrimination of the products and the consensus among the judges.

For the discrimination between the products, we can look at the ellipses and the Hotelling test table.
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Contrary to the expert panel and the French students, there is more overlapping between the products: only the product P4 is isolated from the others, and there are six confusions.

For the consensus between the judges, the variables factor map with the virtual panels shows a strong consensus for the thickness variables whereas the other descriptors are more scattered.
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To conclude, the Pakistani students manage to characterize the products the same way as the experts do, but they give a poorer discrimination of the products. We can think that a part of this problem is due to the fact that they only had one session to evaluate those biscuits and fewer descriptors.

IV. Panels comparison

We are working with the adjust-mean table, thanks to the averagetable function in SensoMineR.

 (Rcmdr -> SensoMineR -> Tools functions -> Average by product and by descriptors) 

res<-averagetable(experts, formul=~produit,firstvar=4)

We merged the 3 different datasets into one with the products in rows and the adjusted means for the 3 panels in columns, because the French panels had 2 sessions and the Pakistani panel had only one. Therefore, we can look at the variables in groups and use the MFA to compare the 3 points of view on the biscuits. Thanks to this method, the Pakistani students will have the same weight as the other panels, even though they only have fewer descriptors than the others.

(FactoMineR -> MFA (Multiple Factor Analysis))

compaisonpanel.MFA<-compaisonpanel[,2:63] #liste de toutes les variables
res<-MFA(compaisonpanel.MFA, group=c(16, 23, 23),type=c("s","s","s"),name.group=c("etu_pak", "etu_fr", "experts"))
plot.MFA(res, axes=c(1, 2), choix="ind", lab.ind.moy=TRUE,habillage="group", partial="all",title="")
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Representation of the partial points for the products

The percentage of inertia for the first factorial plan is 55%, which is very close to each individual factorial map and means that the same information is summarized.

In general, the products distribution is similar among the groups, though we can say that the French panels are closer to one another than to the Pakistani panel, except for the product 1.

More precisely, the French panel finds the product 7 more particular on the first axis and the product 6 more extreme on the second axis than the Pakistani panel. Therefore, the French panels discriminate more the products with the sugary or lemon flavours. On the contrary, the Pakistani panel finds the product 8 particular: knowing that the Pakistanis did not have a lemon descriptor, their feeling toward the product 8 is more interpretable as a lack of milk/butter/egg flavour.

Group representation


[image: image11]
This graphic confirms the fact that the three groups are similar since they contribute a lot to the construction of the first axe and to a lesser extent to the second axe. Then again, both French panels are overlapped almost perfectly.

In order to compare the consensus among the three different panels, we use the Panelmatch function of SensoMineR allowed us to obtain ellipses around each partial point.

(SensoMineR->Panels comparison)

NB: the products and panellists caption must be the same for each dataset.

etuFr.aux <etuFr[,c(7,3,8 :30)]

etuPak.aux <-etuPak[,c(3,2,4 :19)]

experts.aux <-experts[,c(3,2,4:26)]

results<-panelmatch(list(etuFr=etuFr.aux,etuPak=etuPak.aux,experts=experts.aux), col.p=1, col.j=2, firstvar=3)
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The ellipses are wider for the Pakistani students: the consensus is lower among those judges than for both French panels.

Conclusion

To summarize, each panel’s point of view on the biscuits allowed us to find around 60% of the variability among the biscuits for the first factorial map. They were able to discriminate the products by opposition in one hand between sugary flavour/texture and on the other hand between lemon flavour/the other ingredients.

However, there is a difference of performance between the French and Pakistani panels. This last one tested the biscuits only once and on fewer descriptors, therefore their ability to discriminate the products is lower. Moreover, their consensus is weaker.

The MFA of the final analysis showed again those differences between the panels but reinforced the closeness between French experts and students. Eventually, the training of the experts was not that efficient.

To go further, the HMFA, a hierarchical MFA, could balance the weights of French people on one side and Pakistani people on the other side. Indeed, the MFA counted two very close datasets that were the French panels and only once the Pakistani panel.
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