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Case Study – Furniture Industry

Goal: Identify which sustainability goals regarding ”Made in Italy” furniture companies areconsidered most critical for consumers.
Methodology: Conducted a structured survey using a five-point Likert scale (1 = notimportant at all; 5 = very important). Collected n = 405 answers.
Key corporate objectives evaluated:
• Product quality and reliability
• Production efficiency
• Cost reduction
• Profitability
• Functionality and usability

• Social well-being (employees, consumers,communities)
• Resource use efficiency
• Waste and emissions reduction
• End-of-life product management
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The CUB Model

Final RatingIt is modelled by a Combination of a discrete
Uniform and a shifted Binomial distribution:
P(R = r | ξ, π) =π

(
m − 1
r − 1

)
(1 − ξ)r−1ξm−r︸ ︷︷ ︸Feeling

+ (1 − π)
1
m︸ ︷︷ ︸Uncertainty

with π ∈ (0, 1] and ξ ∈ [0, 1].
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The MLC-CUB Model

For clustering rating data, we proposed a Mixture of Multivariate CUB Models, that wecalled Multivariate Latent Class CUB Model:
P(R = r | π, ξ,ω) =

K∑
k=1

ωk

J∏
j=1

[
πjkPB(ξjk) + (1 − πjk)PU(mj)

]
,

where:
• K is the number of clusters;
• J is the number of ordinal variables;
• π = (πjk) is the J × K matrix of the uncertainty parameters;
• ξ = (ξjk) is the J × K matrix of the feeling parameters;
• ω = (ωk) is the vector of the mixing proportions
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Maximum Likelihood Estimation
The estimation of the parameters is performed via Expectation-Maximization algorithm.The complete Log-Likelihood is:

ℓc(ξ,π,ω | R, Z,V) =
n∑

1=1

K∑
k=1

zik

{
ln(ωk) +

J∑
j=1

vij
[
ln(πjk) + ln

[
PSB(rij | ξjk)

]]
+

+

J∑
j=1

(1 − vij)
[
ln(1 − πjk) + ln PU(mj)

]}
.

where
• R is the matrix of the observed data;
• Z is an indicator variable such that zik = 1 if the ith observation comes from cluster k, zik = 0otherwise;
• V is an indicator variable such that vij = 1 if, conditionally on Z, the observation i comes fromthe shited Binomial; vij = 0 if it comes from the Uniform.
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Simulations - Goodness of the Estimates
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How to detect identifiability problems?

For detecting if in a real data set there are identifiability problems, we propose to:
1. perform the bootstrap of the original data set;
2. fit one model on each bootstrapped data set;
3. compare the classification obtained with the bootstrapped data sets with the originalclassification using the Adjusted Rand Index (ARI)
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Case Study - The Clusters

Two-dimensional representation of the clusters ob-tained through multidimensional scaling (MDS). ARI distribution
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The Weighted Average Dissimilarity
A Weighted Average Dissimilarity (WAD) index, weighted by the size of the clusters, isproposed to assess the goodness of fit of the MLC-CUB Model:

WAD =
1
2J

J∑
j=1

K∑
k=1

ω̂k

m∑
r=1

| fr(rjk)− P(rjk | ξ̂jk, π̂jk) |,

where:
• fr(rjk) is the observed frequence of rating r for variable j in cluster k;
• P(rjk) is the expected frequence of rating r for variable j in cluster k;
• ω̂k, ξ̂jk and π̂jk are the estimated parameters of the model.

The index takes values in [0, 1]:
• 0 means poor fit;
• 1 means perfect fit
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Case Study - Goodness of Fit

Observed and fitted frequencies item per item for cluster 3

• Average Diss of cluster 1: 0.037
• Average Diss of cluster 2: 0.060
• Average Diss of cluster 3: 0.100
• Weighted Average Diss: 0.079
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Case Study – Sustainability Advocates

Subjects in this cluster show high levels of feeling and low uncer-tainty across all items. Their responses reflect strong emotional
involvement and clear opinions, especially on sustainability-
related goals such as social well-being, environmental protec-tion, and resource efficiency.
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Case Study – Profit Skeptics

This group is characterized by low levels of feeling and highuncertainty, particularly regarding economic objectives likeimproving product quality and reducing costs. Their responsessuggest limited emotional engagement and hesitation towardmost of the proposed goals.
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Case Study – Balanced Realists

Subjects in this cluster show intermediate levels of feeling andvery low uncertainty. They are most engaged with items re-lated to product quality and profitability, while they expresslower feeling toward cost reduction. Their answers indicate a
pragmatic and stable opinion.
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Case Study - Willingness to Pay

How much more would you be willing to pay for afurniture product that, while maintaining the samecharacteristics, also ensures a lower environmen-tal impact?
• I would not be willing to pay any additionalcost
• Up to 10% more
• Between 10% and 30% more
• Between 30% and 50% more
• More than 50% more Association plot
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Case Study - Willingness to Pay

Each rectangle represents a cell of the contingencytable:
• Height: standardized residual.
• Width: proportional to expected frequency.
• Tall positive bars: observed frequency ishigher than expected.
• Tall negative bars: observed frequency islower than expected.

The further the bar deviates from zero, thestronger its contribution to the association. Association plot
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Thank you for your
attention!

For any questions, contact
Matteo Venturamatteo.ventura@unibs.it

This study was carried out within the MICS (Made in Italy – Circular andSustainable) Extended Partnership and received funding fromNext-GenerationEU (Italian PNRR – M4 C2, Invest 1.3 – D.D.1551.11-10-2022, PE00000004 CUP D73C22001250001).
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