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Introduction


What is the influence of supplementary information such as the brand or ingredient list and brand designation on consumer perception? The aim of the analysis is to find out if knowing the list ingredients or the brand, modify the consumer perception of the product. Thus, the underlying question is: can this type of information modify consumer hedonic judgment?

Data and method
	IMPORTATION OF HMFA DATA

seance1 <- read.table("smoothies_seance1.txt",header=TRUE, sep="\t", na.strings="NA",   dec=",", strip.white=TRUE, row.names=1)

seance2 <- read.table("seance2.txt",header=TRUE, sep="\t", na.strings="NA", dec=".", strip.white=TRUE, row.names=1)

seance3 <- read.table("seance3.txt", header=TRUE, sep="\t", na.strings="NA", dec=".", strip.white=TRUE, row.names=1)

sort(rownames(seance1))

sort(rownames(seance2))

sort(rownames(seance3))

smoothie = data.frame(seance1, seance2, seance3)

final_smooth = smoothie

final_smooth$Produit <- NULL

final_smooth$Produit.1 <- NULL

final_smooth$Produit.2 <- NULL

IMPORTATION OF PCA DATA

The dataset was import in several files. We had to build the dataset to the HMFA. Data of the three sessions were loaded (nammed seance1, seance2, seance3). After having sorted the file, the three sessions were merged to obtain the final dataset.



8 smoothies were tested at three sensorial analysis sessions by 24 panelists. The first session was a blinded one, for the second one, judges were aware of the smoothie brand and at the third one they were aware of the designation brand which is the fruit flavour (for example “Strawberry-Banana”) and the ingredient list of the smoothie. For each session there are a data napping with categorisation and a QDA (qualitative data analysis).

For each session data are:


- Data napping with categorisation: products are positioned on a tableclothe (60*40 cm) by panelists according to their similarity or dissimilarity. Groups with word description were created by panelists.


- Hedonic judgment: the product is marked according to panelist preference on a scale of 0 to 10.
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The aim is to compare sessions thus, in order to balance their respective part, an HMFA (Hierarchical Multiple Factor Analysis) was realised.

To answer the following question: “Do additional information help consumers to characterise the smoothies? Is there an influence when the consumer knows more about the product?” a PCA of product factorial coordinate from the three first axes of the HMFA was performed with hedonic judgments as illustrative.

Results
	Library(FactoMineR)

smooth_AFMH<-final_smooth[,1:216]

lev1 <-rep( c(2,1),72)

lev2 <-rep(2,72) 

lev3<-rep(24,3)

hierar <- list(lev1,lev2,lev3)

res.hmfa <- HMFA(smooth_AFMH, H = hierar, type=rep(c("c","n"),72), graph = FALSE)

To do the AFMH, we have created the three levels presented in the previous page:

level 1: the napping coordinates (2) et the categorisation (1) for the 24 panelists during the three sessions → lev1

level 2: the 24 panelists (for the three sessions) → lev2

level 3: the three sessions → lev 3

Once the hierarchy made, the HMFA was carried out.


Axes variability
	write.csv2(res.hmfa$eig, file=”résult_eig.csv”)

This line is to put the eigen value of the HMFA in an Excel file. With Excel, the graph of eigen value below was built.
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Figure 1: Cumulative percentage of variance

With the three first dimensions, we obtain 60% of variance (cf. figure 1). It seems a few but regarding to the quantity of variables it is good. 
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Figure 2: Representation of the three sessions on the dimensions 1x2 and 1x3 of the HMFA

We analyse only the last level of the HMFA hierarchy (cf. table 1) represented in the figure 2. The first dimension is a common factor of the first and third Sessions (0.96 and 0.96), and the third dimension is a specific factor of the second Session (0.77). In addition, the second dimension is a common factor of the first and third sessions too, but with less importance (0.54 and 0.68).

	write.csv2(res.hmfa$group, file=”résult_group.csv”)

This line is to have a table of the coordinates of the three sessions on the three first dimensions of the HMFA in an Excel file.


Table 1: contribution of each session

	
	Dim.1
	Dim.2
	Dim.3
	Dim.4
	Dim.5

	Session 1
	0.9592
	0.5379
	0.3376
	0.4126
	0.3155

	Session 2
	0.4448
	0.3707
	0.7747
	0.398
	0.3384

	Session 3
	0.9639
	0.6855
	0.2915
	0.4797
	0.2965


After the third dimension, the value contributions become below 0.50. Thus, the analysis will be done only on the three first dimensions.

Description of axes
	write.csv2(res.hmfa$quali.var, file=”résult_quali.csv”)

Coordinates of the qualitative variables were put in an excel file in order to select the group of the categorisation which have a contribution on each axis superior to 0.5. With these coordinates we build graphs to interpret the dimensions of the HMFA. Only group with a strong contribution were kept in order to obtain graph more readable for the interpretation.


To describe the axes with the words used in the categorisation method, we look at the descriptors which have a contribution higher than 0.5 on the three first dimensions. Then we have summarised (cf. table 2, figures 3 and 4) the information with the descriptors appearing the most. 
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Figure 3: Representation of the descriptors on the dimensions 1x2
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Figure 4: Representation of the descriptors on the dimensions 1x3

Table 2: Representative descriptors for each axis
	
	DIM 1
	DIM 2
	DIM 3

	Positive values
	Banana, coco, creamy, sweet, thick
	Strawberries, raspberries, thick, chemical taste, tasteless, strange
	Thick, creamy, mild, tasteless, banana

	Negative values
	Exotic, slightly acid, thirst-quenching, mango, passion fruit, bitter  
	Citrus fruit, fresh, acid
	Acid, orange, citrus fruit, mango, passion fruit, liquid 


With the descriptors of the categorisation, the first dimension distinguishes smoothies with banana, sweet, thick and smoothies slightly acid, exotic and thirst-quenching.  The second dimension separates the smoothies with berries and tasteless from the smoothies fresh and acid. The third dimension matches the smoothies with citrus fruits and acid against the smoothies with banana, creamy and tasteless.

Analysis of the smoothies
	write.csv2(res.hmfa$ind, file=”résult_ind.csv”)

Coordinates of the smoothies were put in an excel file in order to build the graphs below.


Analysis of the factorial map 1x2
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Figure 5: Representation of the smoothies on the dimensions 1x2


Firstly, the smoothies are well discriminated on this factorial map (cf. figure 5). On the whole, the smoothies with the same ingredients are in the same area of the map. Except the smoothie Innocent_FB which has a high coordinate on the second dimension. It corresponds to the descriptors chemical taste, strange mixture and thick which is a negative description.

Besides, the first dimension separates the smoothies with the ingredients MP or FFM from the smoothies with FB or ABC. It repeats information from the categorisation: in the positive side of the first dimension , there are the smoothies with banana, and describe as thick and sweet; and in the negative side there are the smoothies with berries, describe as slightly acid and exotic. Finally smoothies with the ingredients MP are thirst-quenching and slightly acid. 

A good smoothie characterisation was obtained.

Analysis of the factorial map 1x3
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Figure 6: Representation of the smoothies on the dimension 1x3


Here, the smoothies are well discriminated too (cf. figure 6). The first dimension matches the smoothies with banana aroma against smoothies without this aroma; the third dimension separates smoothies from “Carrefour” or “Casino” (own brand labeling) from smoothies with a quality brand as “Immedia” or “Innocent”, except the smoothie “Immedia_MP“ with Mango and Passion fruit ingredients. This one is close to the other smoothie with the same ingredients. It might be due to the acidity of passion fruit which discriminates smoothies on the third dimension. In fact, panelists might have associated citrus fruit to acid taste when they had no clues about smoothie ingredients. Besides, the separation between brands on the third dimension is interesting. Indeed this dimension is a common factor of the second session where panelists know smoothie brands.

Analysis of the panelists

	plot.HMFA(res.hmfa,lab.ind.moy=FALSE)

This line is to obtain the graphs of partial clouds for the last level of the hierarchy. Labels were removed to have a more readable graph.
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Figure 7: Superimposed representation of the partial clouds on the dimensions 1x2 and 1x3

We find again that on the first and second dimensions (cf. figure 7), panelists characterise smoothies in a same way in the first and third sessions. However for the negative part of the second dimension, the first and the third session were characterised in a different way by panelists. For the second session panelists are not well represented on this factorial design 1x2 because all the green clouds are brought to the average panelist. 
Looking at the factorial design 1x3, we see that panelists at the second session are opposite on the third dimension.
Hedonic judgments
	library(relimp, pos=4)

acp.PCA<-acp[, "dim.1", "dim.2", "S1J.1":"S1J.24")]

res<-PCA(acp.PCA , scale.unit=FALSE, ncp=5, quanti.sup=c(3: 26), graph =  FALSE)

plot.PCA(res, axes=c(1,2), choix="ind", habillage="none", col.ind="black", col.ind.sup="blue", col.quali="magenta", label=c("ind", "ind.sup", "quali")) plot.PCA(res, axes=c(1, 2), choix="var", col.var="black", col.quanti.sup="blue", label=c("var", "quanti.sup"), lim.cos2.var=0)

res$var

res$ind

res$quanti.sup

As we can't have the explicative variables in the results of HMFA, we decided to do a not scaled PCA on dimensions of the HMFA (actives variables) with hedonic judgements (explicative variables) for each session. 
This code was for hedonic judgements of the first session on dimensions 1 and 2.


In order to have more information to understand the results, analysis with hedonic judgments were done. 
Help to interpretation of the two first HMFA dimensions:


A PCA per session was first performed on non scale product factorial coordinate of the two first dimensions of the HMFA. Hedonic judgments were drawn as illustrative on it.

The first dimension of the HMFA is surimposed with the first axis of the PCA (r=1.00) with a coordinate of 1.54, the second dimension of the HMFA is surimposed with the second axis of the PCA with a coordinate of 1.26. (Cf. figure 9).
The first axis matches in the negative part Immédia_FFM, Immédia_MP, Carrefour_MP and Casino_FFM(with respective coordinates of -1.62, -1.43, -1.22 and -1.16) against Casino_ABC and Innocent_ABC in the positive part(with respective coordinates of 2.48 and 1.98). At the negative part of the second axis there are the products Immédia_MP and Carrefour_MP (with respective coordinates of -1.47 and -1.37) opposed to the smoothie Innocent_FB (coordinate of 2.25). (Cf. figure 8). 
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Figure 8: Representation of the smoothies on the two ACP first axes

For the first session (cf. figure 9), a lot of hedonic judgments are positively correlated to the negative part of the first HMFA dimension. Some of them are positively correlated to the second HMFA dimension and some negatively.

There is also some hedonic judgment positively correlated to the first HMFA axis. Only the positive part of the first bisector isn’t positively correlated with hedonic judgments.

There are different trends. Some are made with a small amount of panelists such as the one preferring smoothies described by the words banana, coco and creamy and the one preferring smoothies described by the words citrus fruit, fresh and acid (such as Carrefour_MP). However we observe that there is a consensus of panelists preferring slightly acid, thirst-quenching and exotic smoothies (such as Immedia_FFM, Immedia_MP, Casino_FFM, and Carrefour_MP).
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Figure 9: Representation of the HMFA two first axes and the first session hedonic judgments on the      dimensions 1x2 of the PCA.

	acp.PCA<-acp[, c("dim.1", "dim.2", "S2J.1": "S2J.11", 

  "S2J.12", "S2J.13", "S2J.14", "S2J.15", "S2J.16", "S2J.17", "S2J.18", "S2J.19", "S2J.20", "S2J.21", "S2J.22", "S2J.23", "S2J.24")]

res<-PCA(acp.PCA , scale.unit=FALSE, ncp=5, quanti.sup=c(3: 26), graph = FALSE)

plot.PCA(res, axes=c(1, 2), choix="ind", habillage="none", col.ind="black", col.ind.sup="blue", col.quali="magenta", label=c("ind", 

  "ind.sup", "quali"))

plot.PCA(res, axes=c(1, 2), choix="var", col.var="black", col.quanti.sup="blue", label=c("var", "quanti.sup"), lim.cos2.var=0)

res$quanti.sup

This code was for hedonic judgement of the second session on the dimensions 1 and 2 of the HMFA.



For the second session (cf. figure 10), hedonic judgments are mainly correlated to the negative part of the first HMFA dimension. Nevertheless we observe two trends. One trend, which can be describe as a consensus, is only negatively correlated to the first dimension of the HMFA and the other one is also negatively correlated to the second axis of the HMFA. Main preferences are exotic, slightly acid , thirst-quenching and berries flavour smoothies (such as Immédia_FFM and Casino_FFM) and fresh, acid and exotic smoothies (such as Carrefour_MP and Immédia_MP).
As it is the second session, are the panelist more trained on those products? This could explain why trend seem to be “better” represented. Preferred smoothies are the one with the designation FFM (strawberry, raspberry and mango) and MP (mango, passion fruit). We can’t conclude on a preference modification by giving the brand as additional information.
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Figure 10: Representation of the HMFA two first axes and the second session hedonic judgements on the dimensions 1x2 of the PCA.

	acp.PCA<-acp[, c("dim.1", "dim.2", "S3J.1":"S3J.11", 

  "S3J.12", "S3J.13", "S3J.14", "S3J.15", "S3J.16", "S3J.17", "S3J.18", "S3J.19", "S3J.20", "S3J.21", "S3J.22", "S3J.23", "S3J.24")]

res<-PCA(acp.PCA , scale.unit=FALSE, ncp=5, quanti.sup=c(3: 26), graph = FALSE)

plot.PCA(res, axes=c(1, 2), choix="ind", habillage="none", col.ind="black", col.ind.sup="blue", col.quali="magenta", label=c("ind", 

  "ind.sup", "quali"))

plot.PCA(res, axes=c(1, 2), choix="var", col.var="black", col.quanti.sup="blue", label=c("var", "quanti.sup"), lim.cos2.var=0)

res$quanti.sup

These lines were for hedonic judgements of the third session on the dimensions 1 and 2 of the HMFA.



For the third session (cf. figure 11), panelist appreciation is quite close to the first session. There are more hedonic judgments correlated to the negative part of the first HMFA dimension and less to the negative part of the second dimension. Thus, trends are different: there are still panelists preferring smoothies described by the words banana, coco and creamy; there is no more tendency of panelist appreciating smoothies described by the words citrus fruit, fresh and acid ; and the main consensus around slightly acid, thirst-quenching and berries flavour smoothies is split into two well defined trends, one for exotic (mango), acid, thirst-quenching (such as Immedia_MP and Carrefour_MP) and one for berries flavour (strawberries and raspberries) thick, slightly acid smoothies (such as Immedia_FFM and Casino_FFM).
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Figure 11: Representation of the HMFA two first axes and the thrid session hedonic judgements on the dimensions 1x2 of the PCA.
Help to interpretation of the first and third HMFA dimensions:

Then a PCA per session was performed on non scale product factorial coordinate of the second and third dimensions of the HMFA. Hedonic judgments were drawn as illustrative on it.

The first dimension of the HMFA is surimposed with the first axis of the PCA (r=1.00) with a coordinate of 1.54, the third dimension of the HMFA is surimposed with the second axis of the PCA (r=1.00) with a coordinate of 1.18.

The first axis matches in the negative part Immedia_FFM, Immedia_MP, Carrefour_MP and Casino_FFM (with respective coordinates of -1.63, -1.43, -1.22 and -1.16) against Casino_ABC and Innocent_ABC in the positive part (with respective coordinates of 2.48 and 1.98). At the negative part of the second axis there are the products Immedia_MP and Carrefour_FB (with respective coordinates of -1.85 and -1.44) opposed to the smoothie Immedia_FFM (coordinate of 1.42). (Cf. figure 12).

[image: image13]
Figure 12: Representation of the smoothies on the two ACP first axes

	acp.PCA<-acp[, c("dim.1", "dim.3", "S1J.1":"S1J.11", 

  "S1J.12", "S1J.13", "S1J.14", "S1J.15", "S1J.16", "S1J.17", "S1J.18", "S1J.19", "S1J.20", "S1J.21", "S1J.22", "S1J.23", "S1J.24")]

res<-PCA(acp.PCA , scale.unit=FALSE, ncp=5, quanti.sup=c(3: 26), graph = FALSE)

plot.PCA(res, axes=c(1, 2), choix="ind", habillage="none", col.ind="black", col.ind.sup="blue", col.quali="magenta", label=c("ind", 

  "ind.sup", "quali"))

plot.PCA(res, axes=c(1, 2), choix="var", col.var="black", col.quanti.sup="blue", label=c("var", "quanti.sup"), lim.cos2.var=0)

res$var

res$ind

res$quanti.sup

This code was for first session hedonic judgements on the dimensions 1 and 3 of the HMFA.



For the first session (cf. figure 13), main hedonic judgments are negatively correlated to the negative part of the first HMFA dimension. As there is no illustrative variable correlated to the negative part of the third dimension of the HMFA we can say that acid smoothies are not appreciated. We also notice that there is some hedonic judgment positively correlated to the first HMFA axis.
We observe three trends. One, negatively correlated to the first HMFA dimension, shows a panelist preference for exotic (mango, passion fruit), slightly acid and thirst-quenching smoothies more like Casino_FFM. Another one, positively correlated with the first axis, shows a preference for creamy smoothies with banana and coco such as Innocent_ABC and Casino_ABC. The last tendency, correlated with high part of the second bisector, point out for a preference of those panelist for thick, creamy and sweet smoothies with berries and without banana as the smoothies Immédia_FFM and Immédia_MP.
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Figure 13: Representation of the HMFA second and third axes and the hedonic judgements of the third session on the dimensions 1x3 of the PCA.

	acp.PCA<-acp[, c("dim.1", "dim.3", "S2J.1" : "S2J.11", 

  "S2J.12", "S2J.13", "S2J.14", "S2J.15", "S2J.16", "S2J.17", "S2J.18", "S2J.19", "S2J.20", "S2J.21", "S2J.22", "S2J.23", "S2J.24")]

res<-PCA(acp.PCA , scale.unit=FALSE, ncp=5, quanti.sup=c(3: 26), graph = FALSE)

plot.PCA(res, axes=c(1, 2), choix="ind", habillage="none", col.ind="black", col.ind.sup="blue", col.quali="magenta", label=c("ind", 

  "ind.sup", "quali"))

plot.PCA(res, axes=c(1, 2), choix="var", col.var="black", col.quanti.sup="blue", label=c("var", "quanti.sup"), lim.cos2.var=0)

res$quanti.sup

This code was for hedonic judgements of the second session on the dimensions 1 and 3 of the HMFA.



For the second session (cf. figure 14), as for the first one, acid smoothies are still not appreciated. Unlike the first session it is harder to define trends. There is still panelist preferring creamy smoothies with banana and coco such as the smoothie Casino_ABC. We observed a bigger consensus of hedonic judgments around the high part of the second bisector, which means that the products Immedia_FFM and Immedia_MP were appreciated. To a lesser extent we observe a similar phenomenon around the positive part of the third dimension showing that the smoothie Innocent_ABC were also “more” appreciated.

As we know that Immedia and Innocent are brand of quality rather than Carrefour and Casino are own brand labeling this lead us to wonder if: Is there the influence of knowing the brand, except for Innocent_ABC described as having a chemical taste, or is it because it is the second session which means a better approach of the products? Did all panelists know that Innocent and Immedia were brand of quality? Another interesting analysis could have been done with data about if the panelist was used or not to consume these kind of products.
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Figure 14: Representation of the HMFA second and third axes and the second session hedonic judgements on the dimensions 1x3 of the PCA.

	acp.PCA<-acp[, c("dim.1", "dim.3", "S3J.1":"S3J.11", 

  "S3J.12", "S3J.13", "S3J.14", "S3J.15", "S3J.16", "S3J.17", "S3J.18", "S3J.19", "S3J.20", "S3J.21", "S3J.22", "S3J.23", "S3J.24")]

res<-PCA(acp.PCA , scale.unit=FALSE, ncp=5, quanti.sup=c(3: 26), graph = FALSE)

plot.PCA(res, axes=c(1, 2), choix="ind", habillage="none", col.ind="black", col.ind.sup="blue", col.quali="magenta", label=c("ind", 

  "ind.sup", "quali"))

plot.PCA(res, axes=c(1, 2), choix="var", col.var="black", col.quanti.sup="blue", label=c("var", "quanti.sup"), lim.cos2.var=0)

res$quanti.sup

This code was for the hedonic judgement of third session session on the dimensions 1 and 3.



For the third session, the pattern (cf. figure 15) is different once again. We notice two consensus, one around panelist’s appreciation of smoothies with the designation ABC meaning ananas, banana and coco and the other panelist’s appreciation of smoothies with the designation FFM (strawberry, raspberry and mango) and MP (mango and passion fruit). In this session hedonic judgments linked to the brand, as in the precedent session, disappear to be focused on smoothie’s designations.

Ingredient lists and product designation were given to panelists, however it seems that they were only influence by the smoothie designation. In fact product designations are not made of main ingredients (ingredients in higher concentration) but from attracting ingredients. 
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Figure 15: Representation of the HMFA second and third axes and the third session hedonic judgements on the dimensions 1x3 of the PCA. 
Conclusion

The napping categorisations show a trend to separate products on texture, acid taste and flavour. Thus, on the whole we obtain four groups: 

- thick, very sweet smoothies with banana and coco flavours (Casino_ABC and Innocent_ABC)
- acid smoothies with citrus fruit flavour (Carrefour_MP)
- exotic, thirst quenching and slightly acid smoothies with mango flavour (Immedia_MP and Innocent_MP)
- tasteless and chemical taste smoothies with berries flavours ( Innocent_FB)
With this analysis panelists judgment seems being influenced by additional product information. For the second session a brand effect appears. An opposition is made between own brand labeling and “quality” brand. For the third session panelists preferences are similar to the first session except that preference trends are more specific. However are panelists getting a better approach of the smoothies session by session?
Some questions could be interesting such as the panelist knowledge on brand and smoothies and panelist preference according to product designation or product ingredient list. 
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