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As science develops, so do we here at SAM: classical penalty approach can 
lead to an overestimation of the penalizing impacts.
A new ANOVA model allows a more realistic estimation of penalties which 
has been confirmed by the repetition of consumer tests. In this poster    
these findings are reflected by a repeated sparkling-wine CLT in which the 
carbonation of the products was corrected before repeating the test.   
As penalty scores provided by this new approach are absolutely meaningful, 
it can be advantageous to use them not only in monadic sequential 
approaches, but also in pure monadic evaluations as well. As the interaction 
plays an important role, a wide sensory stimulation is still recommended to 
broaden consumers’ judgment and avoid any artificially calculated ideals.
It is important to carefully select the sensory characteristics to be    
considered as JAR in a test:
•  JARs should cover a maximum of the possible sensory characteristics of 

the product and still be clear and understandable for consumers.
•  Redundancy of the characteristics should be avoided as much as possible. 

If interaction exists between some descriptors, their penalties can be to-
taled to better estimate the global impact of the sensory direction on liking.

Classical Penalty Analysis conducted on several product categories shows 
that while it helps rank the defects of a respective product, the approach re-
mains weak in predictability and robustness. The approach considers all 
measured characteristics of a product one by one without taking into account 
the possible interactions between them. As a consequence:
• Weaknesses can be overestimated and unrealistic
•  Penalty impacts do not necessarily reveal the precise potential of gain in 

overall liking that an improvement in a sensory characteristic could bring.
The test with the sparkling wine was repeated after correction of only the 
carbonation level with the same consumers at the same location 2 weeks  
after first test. Results are shown in figures 3a:

This new approach is still based on consumer responses, which are not 
objective, not always in consensus (a misunderstanding or a different 
understanding of the same sensory characteristic) and will always   
remain limited and incomplete, not giving the comprehensive picture of 
the opportunities in product optimization.
This approach can be used when preference mapping / product     
optimization cannot be applied due to budget constraints. However,   
it will not replace preference mapping methodology to ensure reliable
and precise optimization work taking into consideration all impacting 
sensory properties. The alternative ANOVA-approach is, so far, the best 
option to obtain a higher level of precision in potential improvement, 
when only consumers are involved in data collection.
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Just About Right (JAR) scales are commonly used in consumer research 
as an efficient tool to get an overall judgement from consumers on sensory 
characteristics of the product. Penalty analysis is a common way to 
analyse the JAR data in order to quantify and hierarchize the impact of 
sensory characteristics on the overall liking of the product.

Objective: identify main product-weaknesses declared by consumers.
The Penalty Analysis ranks weaknesses of each product according to their 
penalizing impact:
•  Weakness: more than 20% of the consumers are unsatisfied with a   

product criterion
•  Penalizing Impact of a Criterion: difference of overall liking between  

satisfied consumers (judging the criterion “just right”) and unsatisfied 
consumers (judging the criterion “too weak” or “too strong”), weighted by 
the percentage of unsatisfied consumers (figure1). 

•  Penalizing Impacts are ranked to prioritize routes of improvement based 
on consumers judgment

The classical Penalty Analysis shows that carbonation in particular 
strongly impacts the liking of the product with a penalty of 1.2. This 
means, that a correction of only this weakness in theory would result 
in a potential gain of 1.2 points in overall liking. The score of product 1 
would be 7.7 on a 9-point hedonic scale, thus becoming the winner of the 
product-category. However, it is doubtful that product 1 could achieve such 
a score when sparkling wines usually do not score above 6,5 in such CLT. 
-> classical Penalty Analysis seems to over-emphasize the impacts of the 
weaknesses and the potential for improvement.

Classical Penalty Analysis Limits

The liking score of product 1 after correction of carbonation increased by 
only 0.6 to 6.1 on a 9-point scale, whereas the classical penalty analysis pre-
dicted 1.2 (figure 2b). The penalty result comparison of both tests indicates 
in addition, that the adjustment of carbonation does have an interaction with 
sweet, bitter and sour perceptions as these sensory characteristics are eva-
luated differently in test 2 compared to test 1. Taking this into consideration, 
classical penalty analysis calculates an increase of 1.3 points as shown in fi-
gure 3b: 
•  the gain of 1.9 pts  = sum of blue arrows (reduction of the unsatisfied 
portion due to not carbonated enough, not bitter and sour enough, too 
sweet) and
•  the loss of 0.6 pts  = sum of red arrows (increase of unsatisfied portion 

due to too much carbonated, too much sour and bitter, not sweet enough) 
This result confirms the over-estimation of the weaknesses by the classical 
penalty analysis.

The interaction of different sensory descriptors with each other is a well-
known phenomena in sensory product evaluation. Ignoring this leads to the 
overestimation of the penalizing impacts when applying classical penalty 
analysis as shown above.
A new methodology, developed by Agrocampus Ouest (“Another way to treat 
JAR scales”) is based on an ANOVA model considering all JAR descriptors to 
better explain the liking score. For each descriptor, unsatisfied consumers 
are aggregated into 2 categories (“not enough” and “too much”), and reco-
ded in complete disjunctive table (0/1).
Recoded variables are included as qualitative variables in the following mo-
del (per product):

Overall Liking = μ + α1 x JAR Color(not enough) + α2 x JAR Color(too much) +      
                            + α3 x JAR Sweet(not enough) + … + ε
Where: μ: coefficient intercept (constant); α1, 2, 3…: coefficient each JAR modality; ε: residual error

Figure 4 compares the results of the sparkling-wine test (step 1) obtained from both 
approaches. The penalizing impacts obtained through the ANOVA solution are clearly 
lower. 

The gain in liking calculated by the ANOVA model is now 0.6 pts, which is 
more in line with the real, consumer-scored, gain in liking of the adjusted 
product. This higher precision can be explained through the better level of 
consideration given to the interaction between all of the sensory characte-
ristics, rather than giving too much weight to anyone characteristic alone.

Alternative Approach to Penalty Analysis
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Figure 1: Methodology diagram to conduct penalty analysis

Figure 2a: Overall liking of the set of products  

Figure 3a: Overall Liking product 1 
before / after correction of the 
carbonation

Figure 3b: Penalty Analysis for product 1 before / after 
correction of the carbonation

Figure 4: Penalizing impacts calculated with classical penalty (blue) vs new approach (red)

Experimental Setup: Sparkling Wine Study
Central Location Test with 6 Sparkling Wines conducted twice with    
5 JAR-questions and two different evaluations of the results: Classical and 
new approach of Penalty Analysis. This is represented for product 1.

Figure 2b: Penalty analysis related to product 1 

Penalty Analysis: 
Making the Most of JAR Scales 
considering the interaction of product characteristics


