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Abstract 
The research of the authors within product development is addressed at developing a tool for innovation in 
industry, namely Integrated Product and Process Re-engineering (IPPR), whose overall objective is 
enhancing and harmonizing ideation, design and manufacturing with a product lifecycle approach. The 
module of IPPR indicated as Process Value Analysis (PVA) is aimed at ranking the phases of a business 
process according to their contribution to customer satisfaction with respect to the employed resources. The 
original contribution of the present paper is complementing the method with information concerning drops in 
customer satisfaction as a result of poorly performed process phases. By accepting the non-linear 
relationship between satisfaction and attributes’ quality level and the different roles played by customer 
requirements according to Kano categories, the authors propose a preliminary method to provide 
quantitative evaluations of the effects of process phases that do not thoroughly fulfil the intended objectives. 
An exemplary application here presented refers to the cosmetic industry, by investigating the production 
process of lipsticks, to which PVA was previously applied with encouraging outcomes. 
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1 INTRODUCTION 

Several works in the literature demonstrate that Business 
Process Reengineering (BPR) tasks have failed to pursue 
the objective of generating value for companies’ 
customers. Among others, Holland and Kumar [1] 
assessed that 60–80% of BPR initiatives haven’t fulfilled 
the declared objectives. More specifically, the analysis 
performed by Hall et al. [2] remarks that, in order to carry 
out successful BPR initiatives, redesign efforts should be 
focused not only on cost and time reduction, but mainly on 
the areas of the business process which have the most 
direct impact on customer value. These results show that 
managers must reengineer their core processes starting 
from the customer perspective. 

The focus on customers and on their perception of 
products and services has consequently played a relevant 
role within companies by affecting industrial practices, 
policies [3] and product development cycles, leading 
moreover to a great impact on the required managerial 
skills [4]. 

In this context the authors have developed a 
methodological approach namely Process Value Analysis 
(PVA), aimed at analyzing business and manufacturing 
processes and identifying the contribution of each phase 
in determining customer satisfaction through quantitative 
metrics [5]. The overall objective of this research is the 
enhancement of BPR practices by providing information 
about the phases which generate consistent value for the 
customers and into which improvement efforts should be 
channeled. In this way, re-engineering actions can focus 
on the industrial activities which may be substantially 
improved through the adoption of novel or emerging 
manufacturing activities in terms of expected performance 

and employed resources by aligning them with the whole 
production process [6]. 

The first version of the methodology has been applied to 
several case studies, obtaining positive feedback that 
have highlighted its potential. However, in order to 
enhance the robustness of the approach and widen the 
applicability of the methodology, some development 
guidelines have been identified. Among them are the 
need to make the methodology more systematic with a 
particular emphasis on the partial subjectivity of certain 
steps and to improve the models that are used to 
evaluate the extent of customer satisfaction by taking into 
account their performance and reliability. This is 
particularly important because PVA [5] assumes that 
each phase works at its maximum potential, thus 
neglecting the effects on customer satisfaction played by 
limited robustness and/or malfunctions of the process. 

The link between process performance and expected 
customer appreciation (and consequently the market 
success) of products and services is relevant not only for 
anticipating the drawbacks of mistakes and negligence, 
but also for supervising ongoing activities. In the industrial 
world, increasing interest is addressed by predictive 
metrics for anticipating the outcomes of a business 
activity and by monitoring its related processes [7]. 

With the aim of widening the set of indications provided 
by the PVA method, this paper presents a preliminary 
investigation of models for assessing the impact of 
process performance on customer satisfaction.  

Section 2 summarizes the logic of PVA, then overviews 
the state of the art about the models providing 
quantitative evaluations of customer satisfaction. In 
section 3 the integration of the most acknowledged 
models within the PVA module for customer satisfaction 
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analysis is presented. Section 4 reports the application of 
the proposed models to a case study in the cosmetics 
industry, with the aim of showing their functionality. The 
outcomes of the case study are discussed in Section 5, 
while the considerations about the preliminary model are 
drawn in Section 6. Section 6 also outlines expected 
future activities.  

 

2 STATE OF THE ART 

2.1 Brief outline of the PVA methodology  

The PVA methodology follows a step by step procedure, 
aimed at supporting business process re-engineering 
activities based on the evaluation of the impact of each 
process phase on the perceived value of products and/or 
services and taking into account the employed resources. 
The results of this assessment are used to identify 
suitable guidelines for process evolution strategies which 
will preserve and improve the market competitiveness of 
products and services. 

The first stage concerns the gathering of the information 
related to the business process under investigation. 
IDEF0 models are suitable to represent the flows of 
information and materials along the process phases, as 
well as the employed technology, machinery, human 
skills. Complementary data are collected to map the 
expenditures and the timing of each process phase. 

The next step of the methodology regards the 
investigation of the customer requirements that are 
intended to be delivered during the business process.  
Each of these product/service attributes are characterized 
in terms of Kano categories (One-dimensional, Attractive, 
Must-be) [8] and relevance R [9], meant as the relative 
importance of the customer requirements within the 
bundle of benefits provided by the business process (on a 
scale ranging from 1 to 5). Both the Kano category and 
the attribute relevance are established through customers 
interviews or stated by business experts. 

Then, on the basis of business experts’ evaluation, the 
coefficients kij (0<=kij<=1) that relate each phase i to each 
attribute j are identified, in terms of the accounted 
contribution of the process stages to fulfil the customer 
requirements when delivered at their maximum 
achievable offering level. Such parameters allow a 
quantitative link to be established among the process 
steps and the arisen benefits. The subsequent result is 
the evaluation of the role played by each phase 
contribution in both providing unexpected benefits 
perceived in the marketplace (Customer Satisfaction, CS) 
and avoiding user discontent (Customer Dissatisfaction, 
CD), according to mathematical expressions dealing with 
the implications of Kano model fundamentals. Thus, at the 
current step, the PVA evaluates the contribution of each 
process phase in determining customer satisfaction under 
the hypothesis of achieving the greatest potential, without 
taking into account the effects of poor repeatability of the 
outputs and underperformances. 

According to Value Engineering, employed resources, 
costs and time necessary to carry out the process 
activities are measured and compared with the terms 
expressing the extents of customer satisfaction. Thus the 
phases are estimated in terms of their capability to 
provide both basic quality and unexpected features. 

However, such a step is not relevant for the scope of the 
present paper, since the purpose of this contribution 
concerns a deeper investigation of the value offered to the 
customer by each process phase. More in detail, in order 
to evaluate the effects of process underperformances on 
the delivered value, the objective is to establish a 

relationship among the phases’ performance and  
customer satisfaction. Therefore, while kij coefficients 
represent the connection between the process stages 
and the customer requirements, it is necessary to 
quantitatively link the attributes quality with customer 
satisfaction parameters. 

2.2 Models for quantitative evaluation of customer 
satisfaction 

The task of a quantitative evaluation of customer 
satisfaction according to the level at which the attributes 
are fulfilled has been already investigated in the literature. 
However, an acknowledged well validated model has not 
been identified yet. By recognizing the non-linear 
relationship between satisfaction and quality, as well as 
the different relevance shares of the attributes, the Kano 
curves remain the reference model for this research.  

Thus, a sort of mathematical extrapolation of the curves 
standing out for must-be, one-dimensional and attractive 
features, has represented the starting point for building 
such models. By taking into account the shape of the 
curves, Tan and Shen [10] relate the ratio between two 
degrees of satisfaction to the ratio between the 
corresponding performance levels, according to 
attributes’ Kano categories. With respect to their 
formulation: 

k

p

p

s

s
)(

0

1

0

1
=  (1) 

where s1 and s0 are the extents of satisfaction matching 
the performance levels p1 and p0, respectively, and the 
coefficient k depends on the attribute category according 
to the Kano classification: for attractive attributes, k>1; for 
one-dimensional attributes, k=1; and for must-be 
attributes, 0<k<1. However k commonly assumes the 
values k=2 and k=1/2 for attractive and must-be customer 
requirements, respectively. The ratio between the 
satisfaction levels is commonly indicated as adjusted 
Improving Ratio (IRadj), while the ratio between the 
performances is generally indicated with Improving Ratio 
(IR), as depicted in Figure 1(a). It is worth noting that prior 
to the publication of models for the quantitative evaluation 
of customer satisfaction investigating the non-linear 
relationships between achieved performances and 
originated benefits, only the IR was commonly used. 

The expression (1), developed to support Quality 
Function Deployment (QFD) tasks, was first applied to an 
exemplary case in the Internet field and has been further 
employed in different domains, such as catering [11], 
mobile communication [12], education [13].  

A modification of the recalled formula has been recently 
proposed by Chadua et al. [14], who introduced a 
corrective coefficient m in the relationship between the 
improving ratios: 

k

adj mIRIR )( +×= 1  (2). 

The m coefficient, with 0<m<1, depends on the 
distribution of the attributes within the Kano categories, as 
well as on their relevance. The authors of the model 
describe an application of the proposed model by 
surveying the field of webpage design. 

The models proposed in [10] and [14] aim to perform a 
comparison among different product profiles or to 
evaluate the effects of improvement scenarios by using a 
QFD approach, but they have never been used for other 
tasks. 

In the literature there are also other models to evaluate 
customer satisfaction that are supposed to overcome the 



rigid 
appro
nor a

“A-Ka
for ea
supp
satisf
Subs
dime
score
in the
depe
repre
impo
segm
propo
satisf
repre

Fig

2.3 

On t
existi
custo
refere
fulfil 
consi
the re

None
for c
the d
the t
simul
dissa
Kano

Furth
appro
qualit
adva
value

On th
nega
repre
perfo

Howe
the m
[16] r
most
roles
subje

distinction am
oaches haven
a wide applicat

ano” [15] con
ach attribute, 
osed relevan
faction and 
sequently, the 
nsional graph
es represent th
e graph, depic
nds on the in

esentative poi
rtance is eva

ment. Falls in 
ortional drop
faction and 
esentative poi

gure 1: Model

Critical revie

the basis of 
ing approach
omer satisfac
ence model to

this task 
iderations abo
ecalled model

e of the mode
customer satis
dissimilar effec
two indexes f
ltaneous mod

atisfaction doe
o curves. 

hermore, in [10
oach is tailore
ty modificatio
ntageously a

es of satisfacti

he contrary the
tive and po

esentation for 
ormance. 

ever, beyond 
main limitation
relates to the 
ly consisting o
. Such issues

ectivity impact

mong Kano c
n’t yet found a
tion. 

siders two di
by separately

nce in being
means for 
product profi

h, where the
he coordinates
cted in Figure
clination of th
int with the o
luated throug
the attribute

ps in the 
avoid dis

nt thus stand

ls for quantitat

ew of the exis

the previous
hes for the q
ction, the pu
o be embedde
it is neces

out the reliabi
s. 

els foresee m
sfaction and 
ct they give ris
follow differen
dification of c
esn’t comply 

0] and conver
ed for increm

ons and, in s
applied just 
on. 

e model depic
ositive values
the whole ran

their more li
n of the mode

need of introd
of personal es
s can potentia
ing the outcom

categories. Ho
an appreciable

fferent import
y taking into a
g triggers fo
avoiding disc
ile is summar

e two differen
s. By placing t
e 1(b), their c
e segment co
origin, while 
h the length 
 performance
capability t

ssatisfaction. 
ds on the sam

tive evaluation

sting models 

sly performed 
quantitative e
urpose is to
ed in the PVA
ssary to m
lity and the ap

markedly differ
dissatisfaction
se to. Just as 
nt functions; 
customer sati

with the tra

rsely in [14], th
mental levels 
such a contex

by consider

cted in [16] en
s, allowing 
nge of potent

imited scientif
ls represented
ducing further
stimations of t
ally increase th
mes of the PV

(a)

owever such 
e consensus, 

tance scores 
account their 
or customer 
contentment. 
rized in a bi-
nt relevance 
the attributes 
ategorization 

onnecting the 
their overall 
of the same 

es determine 
to generate 

The new 
me segment, 

 

n of customer 

 analysis of 
estimation of 
o choose a 
A. In order to 

make further 
pplicability of 

rent patterns 
n, neglecting 
in “A-Kano”, 

however the 
sfaction and 
ajectories of 

he employed 
of attributes’ 
xt it can be 
ring positive 

visages both 
a graphical 
ial attributes’ 

fic evidence, 
d in [15] and 
r coefficients, 
he attributes’ 
he degree of 
VA, hindering 

) 

but a
applic

With 
differe
basis
consi
(minim
(max
repre
broke
depe
Figur
attrib
mode
whos
frequ
satisf

satisfaction a

 

the p
whole

 

3 EV
D
S

This S
the r
and t
mode
The r
in [5-
curre
in Se

3.1 

A su
PVA 

• e
s
a

• c
b
e

• r
f

Acco
the 
refere
intend

at a minor dist
cation regards

respect to [10
ent model to r

s of attribute
ders the s
mum attribute
imum attribu

esentative poi
en line, who
nds on the lo

re 1(c). The cu
ute investiga
el depicts the
se end segme
ently flat, re
faction thresho

s a function of

ursued goal o
e methodology

VALUATING 
EVELOPMEN
ATISFACTIO

Section descr
eference mod
he PVA requir

el within the e
readers who d
-6] can bette
nt paper throu
ction 4.   

Adapting t
implementat

itable model 
should: 

express math
satisfaction (C
according to th

consider the m
both coefficie
established wi

relate both coe
from 0 to 100%

rding to the p
reviewed mo
ence framewo
ded purposes

(

tance from th
s the automoti

0], [14] and [15
represent the 
e quality. Th
supposed m
e quality) and
ute quality). 
ints are con
se inclination

ocal rates of s
urves shown 

ations within 
n very differe
ents of the b
ecovering the
olds expresse

 

f attributes pe

of enhancing t
y. 

THE IMP
NT PHASE
N 

ribes the criter
del, according
rements. Then

evaluation mod
don’t know the
r comprehend
ugh the exem

the referen
tion within PV

for satisfacti

hematical form
CS) and diss
he various cat

minimum and 
ents with r
thin Kano fram

efficients with
%. 

performed surv
odels, the a
ork and adap
s. The choice

Sat./D

(b) 

e origin. A de
ve field. 

5], Xi et al. [16
satisfaction cu

heir character
maximum dis
 the greatest
Subsequently

nected by a
n in the thr
satisfaction g
in the manusc
the financial

ent shapes of 
broken lines a
erefore the 
d in [17]. 

erformance [13

the systematic

PACT OF 
ES ON C

ria leading to t
g to the litera
n the integrati
dule of PVA i
e details of PV
d the contrib

mplary applicat

nce model 
VA 

on estimation

mulas for bot
atisfaction (C
tegories of Ka

the maximum
respect of 
mework; 

 attributes qu

vey and the l
authors have 
pted it accor

e of employing

Performan

Dissatisfaction 

 

emonstrative 

6] propose a 
urves on the 
rization first 
ssatisfaction 
 satisfaction 
y, the two 
 3-segment 

ree portions 
rowth, as in 
cript refer to 
l field. The 
the curves, 

are however 
concept of 

  

3, 15, 16]. 

c level of the 

PRODUCT 
CUSTOMER 

the choice of 
ature review 
on of such a 
s described. 

VA proposed 
ution of the 
tion reported 

for its 

n within the 

th customer 
CD) indexes, 
no model; 

m extents of 
the criteria 

ality ranging 

imitations of 
chosen a 

rding to the 
g the model 

nce 

(c) 



 

described in [10] as a starting point for developing a novel 
framework to measure customer satisfaction indexes lies 
on the following observations: 

• it can be considered the only contribution facing 
significant scientific evidence; 

• it is based on a mathematical interpretation of the 
trajectories of the original Kano curves; 

• under certain circumstances and objectives, resumed 
further on, no additional parameters must be defined 
in order to make it suitable for the implementation 
within PVA. 

Indeed, although it is not possible to adopt the model “as 
is”, the criteria involving linear, quadratic and square root 
like progress of the improvement ratios can be 
maintained. With reference to concepts and equations 
belonging to the original Kano formulation or to 
acknowledged scientific contributions aimed at developing 
its model [18-22], the authors have taken into 
consideration the following hypotheses in order to build 
the novel framework: 

• Customer Dissatisfaction CD, that is neglected in the 
reference model [10], has to be considered as the 
extent of avoided discontentment when delivering a 
certain attribute at a proper level (with the minus 
sign); hence, it makes reference to the maximum 
dissatisfaction that a poor attribute quality can deliver. 

• Customer Satisfaction CS will be considered as the 
extent of generated unexpected benefits, thus 
considering the satisfaction curves above the zero-
level. 

• Attractive attributes play no role within CD. Their 
maximum amount of generated CS equals to their 
relevance R. In case of minimum quality the CS turns 
to 0. 

• For must-be attributes, the progress of the 
satisfaction related to (1), stands for the avoidance of 
potential dissatisfaction when the performance of the 
customer requirement grows. The same concept can 
be employed even for one-dimensional features when 
considering the negative part of the Kano curve. 

• Must-be attributes play no role within CS. Their 
maximum amount of CD is equals to the absolute 
value of their relevance R. In the event of their lowest 
quality, the CD turns to 0. 

• One-dimensional attributes influence both CD and 
CS. The relevance R characterizes the extent of both 
the generated benefits and the avoided 
dissatisfaction. Hence, due to such symmetry: 
o They generate CS when their performance 

overcomes 50% of the range; the maximum CS 
equals to R. 

o The related CD equal to - R when the 
performance is greater than 50%; CD turns to 0 
in event of the minimal performance. 

• Both CD and CS are proportional with the attribute 
relevance R. 

According to the above hypotheses about Kano 
categories, Table 1 summarizes the equations for 
calculating the extents CSj and CDj with reference to the 
jth customer requirement when varying its degree of 
fulfilment qj (alike the performance p in the model 
represented in [10]). 

 

 

 

 

 

Kano category 
Quality 
range 

CSj CDj 

Must-be 0<=qj<=1 0 -R√qj 

One-dimensional 0<=qj<0,5 0 -2Rqj 

One-dimensional 0,5<=qj<1 R(2qj-1) -R 

Attractive 0<=qj<=1 Rqj
2
 0 

Table 1: Equations of the satisfaction indexes. 

3.2 Implementation of the presented metrics within 
the PVA methodology 

The PVA methodology evaluates the process phases 
according to their contribution to customer satisfaction 
through the determination of proper indexes.    

The novel evaluation module requires the input data 
related to the business process that are introduced 
throughout the PVA previously to the calculation of 
satisfaction indexes. This includes: 

• the process phases; 

• the customer requirements, their relevance and 
classification according to Kano model; 

• the extent of each phase in fulfilling each product and 
service attribute (kij coefficients); 

• the performance of each phase in determining 
product or service attributes (pi coefficients). This is 
assessed through a score ranging from 0 to 1, in 
accordance with the specific productivity of the 
phase, or other metrics related to the compliance of 
its outcomes to the expected characteristics. If these 
data are not available, the score is assigned by the 
experts according to their knowledge of the process 
performances through a discrete evaluation, e.g. with 
5 discrete performance levels. 

Given this starting point, the evaluation module consists 
of a procedure that includes the following calculation 
stages: 

1) the determination of the attributes’ quality qj through 
the expression (3);  

2) the estimation of modified CDj and CSj coefficients 
through the formulas summarized in Table 1; 

3) the calculation of the sums of current CSj and CDj 
values, indicated as modified Global Customer 
Satisfaction/Dissatisfaction (GCSmod and GCDmod), 
representing therefore the overall amount of 
generated satisfaction; 

4) the calculation of the sums of maximum CSj and CDj 
values, indicated as hypothetical Global Customer 
Satisfaction/Dissatisfaction (GCS0 and GCD0), 
representing therefore the achievable amount of 
generated satisfaction in event of best phases 

performances (pi=1 ∀i); 
5) the evaluation through the expressions (4) and (5) of 

not-exploited margins of satisfaction, due to limited 

performances, both in terms of supplied benefits ∆CS 

and avoided dissatisfaction ∆CD: 

∑ ×=

i

ijjj kpq  (3); 

0

0

GCS

GCSGCS
mod

CS∆ 
−

=

 (4); 

0

0

GCD

GCDGCD
mod

CD∆ 
−

=

 (5). 

Equation (3), determined as a modification of the model 
employed within PVA, stands for a preliminary evaluation 
of the effects of poorly performed phases on the 
attributes' degree of fulfilment. At this stage of the 
research, the authors aim to take into account just the 



 

linear impacts of phases performances, without 
considering second order interrelations among the phases 
in the effective determination of the attributes quality 
values. The performed module is viable to evaluate the 
effects of a single phase showing non-optimal 
performance, as well as the impact of a set of pi scores 
attributed to various process tasks and operations. 

 

4 EXEMPLARY APPLICATION  

This Section illustrates the application of the Process 
Value Analysis for an industrial case with a particular 
reference to the module for investigating the effects of 
poorly performed phases. 

4.1 Outline of the case study and of the application 
of Process Value Analysis 

The cosmetics industry in Italy has undergone relevant 
transformations in the last years from the viewpoint of the 
firms operating in such sector. Although activities which 
were once predominantly craftsmanship tasks have been 
turned into massive industrial productions regulated by 
policies which are common for big companies, the 
manufacturing technology hasn’t been subjected to 
radical modifications. With reference to lipstick design 
and manufacturing, the case study under investigation 
deals with the business process of a medium-sized firm, 
whose main customers are global players in the field of 
women's make-up products and fashion in general. 
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CR1 Stick colour 0 0 0 0 0 0,2 0 0,45 0 0 0,25 0,05 0 0,05 0 0,50 

CR2 Stick colour precision 0 0 0 0 0 0 0 0 0 0,5 0,45 0 0 0,05 0 0,91 

CR3 Stick taste 0 0 0 0 0 0 0 0 0,1 0 0,35 0,4 0 0,05 0,1 0,73 

CR4 Stick scent 0 0 0 0 0 0 0 0 0,1 0 0,35 0,4 0 0,05 0,1 0,73 

CR5 
Absence of foreign 
bodies in the stick 

0 0 0 0 0 0 0 0 0 0 0,65 0,3 0 0,05 0 0,72 

CR6 Stick surface porosity 0 0 0 0 0 0 0 0 0 0 0,45 0,5 0 0,05 0 0,66 

CR7 Lipstick applicability 0,2 0,2 0 0 0 0,5 0 0 0 0 0 0,1 0 0 0 0,55 

CR8 
Presence of active 

principles in the 
lipstick 

0 0 0 0 0 0,45 0 0 0 0 0,2 0,3 0 0,05 0 0,45 

CR9 
Lipstick resistance on 

the lips 
0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0,20 

CR10 
Avoiding irritation 

phenomena 
0 0 0 0 0 0,5 0,2 0 0,05 0 0,1 0,1 0 0 0,05 0,53 

CR11 
Quantity of product in 

the lipstick 
0 0 0 0 0 0 0 0 0 0 0 0,65 0,3 0,05 0 0,68 

CR12 
Duration of lipstick 

properties 
0 0 0 0 0 0,5 0 0 0 0 0,1 0,3 0 0,1 0 0,43 

CR13 
Customizable stick 

shape 
0,1 0,3 0 0,4 0 0 0 0 0 0 0 0,2 0 0 0 0,74 

CR14 
Special effects 

providing 
0,1 0 0 0,5 0 0 0 0 0 0 0 0 0,4 0 0 0,80 

CR15 
Customizable 

chemical  formulation 
0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0,20 

CR16 
Compatibility of the 
primary packaging 

with the stick  
0 0 0,2 0,2 0,3 0,3 0 0 0 0 0 0 0 0 0 0,64 

CR17 
Colour of the primary 

packaging 
0,2 0 0,75 0 0 0 0 0 0 0 0 0 0 0,05 0 0,85 

CR18 
Customizable primary 

packaging 
0,2 0 0,8 0 0 0 0 0 0 0 0 0 0 0 0 0,84 

CR19 Shapes variety 0,2 0 0,4 0,4 0 0 0 0 0 0 0 0 0 0 0 0,76 

CR20 
Resistance of primary 

packaging 
0 0 0,2 0,2 0,4 0 0 0 0 0 0 0 0,2 0 0 0,88 

CR21 
Functionalities of 

primary packaging 
0 0 0,2 0,2 0,6 0 0 0 0 0 0 0 0 0 0 0,88 

CR22 Technical dossier 0 0 0 0 0 0,6 0,3 0,1 0 0 0 0 0 0 0 0,46 

CR23 Product labelling 0,1 0 0 0 0,3 0,4 0 0,1 0 0 0 0 0,1 0 0 0,62 

Phase performance (pi) 1,0 1,0 0,8 0,6 1,0 0,2 1,0 0,4 1,0 1,0 0,8 0,5 1,0 1,0 1,0 

Table 2: Calculation of attributes quality according to phases performances.  

kij 



 

 
Attribute 

quality (qj) 
Kano 

category 
Relevance 

(R) 
CSi CDi 

Maximum 
CSi 

Maximum 
CDi 

CR1 0,50 MB 5 0,0 -3,5 0 -5 

CR2 0,91 MB 4 0,0 -3,8 0 -4 

CR3 0,73 MB 3 0,0 -2,6 0 -3 

CR4 0,73 MB 4 0,0 -3,4 0 -4 

CR5 0,72 MB 5 0,0 -4,2 0 -5 

CR6 0,66 MB 3 0,0 -2,4 0 -3 

CR7 0,55 MB 4 0,0 -3,0 0 -4 

CR8 0,45 MB 3 0,0 -2,0 0 -3 

CR9 0,20 OD 3 0,0 -1,2 3 -3 

CR10 0,53 MB 5 0,0 -3,6 0 -5 

CR11 0,68 MB 3 0,0 -2,5 0 -3 

CR12 0,43 MB 3 0,0 -2,0 0 -3 

CR13 0,74 AT 4 2,2 0,0 4 0 

CR14 0,80 AT 4 2,6 0,0 4 0 

CR15 0,20 AT 3 0,1 0,0 3 0 

CR16 0,64 MB 4 0,0 -3,2 0 -4 

CR17 0,85 MB 4 0,0 -3,7 0 -4 

CR18 0,84 AT 5 3,5 0,0 5 0 

CR19 0,76 OD 4 2,1 -4,0 4 -4 

CR20 0,88 MB 1 0,0 -0,9 0 -1 

CR21 0,88 MB 4 0,0 -3,8 0 -4 

CR22 0,46 MB 4 0,0 -2,7 0 -4 

CR23 0,62 MB 4 0,0 -3,1 0 -4 

10,5 -55,7 23,0 -70,0 

GCSmod GCDmod GCS0 GCD0 

Table 3: Calculation of satisfaction coefficients according to attributes quality. 

 

The goal of the firm was to evaluate value bottlenecks 
and phases reliability within the process (schematized 
with an IDEF0 framework in compliance with PVA and 
here omitted due to space reasons) for producing lipstick 
batches (as summarized Table 2) and to consequently 
support the ideas of technological enhancement that had 
been previously undertaken. 

The business process under investigation ranges from 
marketing studies intended to determine the 
characteristics of new trendy lipsticks to warehousing and 
distribution activities, throughout the phases concerning 
laboratory testing, prototyping, raw materials supplying, 
manufacturing and quality control. A set of 15 phases is 
deemed to fulfil 23 customer requirements that include 
functional and emotional features regarding the bulk and 
the primary packaging, the make-up quality and 
characteristics, the compliance with the regulations 
concerning the presence of foreign bodies and the skin 
irritation, up to the technical documentation for the clients. 
Table 2 summarizes the phases (listed in the first row) 
and the recalled attributes (reported in the first column), 
as well as their mutual influence along the process 
through the kij coefficients. Attributes’ Kano category and 
relevance are indicated in Table 3. 

For space reasons, this paper omits indications about the 
employed resources in terms of consumption materials, 
machinery, structures, energy, human skills, labour and 

time, that have led to the end results about value 
estimations. Such final outcomes are briefly summarized 
in the following: 

• certain routine tasks, such as bulk manufacturing, 
laboratory analysis and raw materials warehousing 
provide a low amount of value for the business 
process; 

• the technical design of the primary packaging has 
resulted in the most valuable phase, by consistently 
contributing to the fulfilment of both basic and 
unexpected requirements with a limited resources 
consumption. Analogous conclusions can be drawn 
also for the outputs of laboratory research; 

• several phases concerning product detailed design 
and manufacturing belong to the basic performance 
area, whereas the activities ranked in the industrial 
engineering phase (such as the definition of product 
specifications, manufacturing planning, determination 
of materials to be purchased, etc.) show the best 
value in avoiding dissatisfaction; 

• creative tasks give rise to exciting performance, with 
a particular emphasis on prototyping operations. 

The indications issued from the analysis have provided 
general support for the reengineering directions that the 
firm was intending to undertake. Indeed, while a 
technological development was envisaged for the creative 
phases and the fundamental manufacturing activities, the 



 

outsourcing of routine tasks with perceived low value for 
the customers was debated within the enterprise 
management. 

4.2 Application of the integrative module 

According to the business process described in Section 3 
and with reference to Table 2, the bottom row, labelled as 
“Phase performance”, allows the introduction of pi 
coefficients into the worksheet. This set of values 
represents the input according to which the impact in 
terms of reduced attribute quality, and consequently 
unexploited benefits, are evaluated. As a result of phases 
that partially fulfil the intended purpose (pi<1, highlighted 
with grey cells background), qj  values are calculated 
according to (3) and summarized in the right column, 
labelled as “Attribute quality”. 

In Table 3, on the basis of the quality (as calculated in 
Table 2), the Kano category and the relevance R of each 
attribute, the columns labelled as CSi and CDi, indicate 
the modified contributions to customer satisfaction 
according to the equations summarized in Table 1. Their 
sums reported in the bottom row stand for the GCSmod 
and GCDmod indexes. Conversely, according to the 
greatest extent of customer satisfaction and 
dissatisfaction that each attribute can give rise to, the 
GCS0 and GCD0 indexes are calculated; such coefficients 
are reported at the bottom right of the Table. It is 

therefore possible to subsequently calculate ∆CS and 

∆CD through (4) and (5). The exemplary distribution of 
phases performances reported in Table 2 would thus lead 
to not exploited margins of about 54% and 20% in terms 
of customer satisfaction and avoided dissatisfaction 
respectively. 

With the integrative module it is possible to investigate the 
effects of reduced outcomes regarding each phase 
singularly and thus the amount of not exploited margins 
due uniquely to its underperformances. Figure 2 
illustrates the effects of the limited performance of various 
phases, with pi indexes ranging from 0 to 1, under the 
condition that all the other process activities are 
undertaken at an optimal level. The depicted curves refer 
to process phases with meaningful value indexes 
according to the outputs of PVA analysis summarized in 
the Subsection 4.1. The abscissas refer to the phase 
performance quality, while the ordinates indicated the 

∆CS and ∆CD coefficients, which are represented with 
dotted grey and continuous black lines respectively. 

 

5 DISCUSSION OF THE RESULTS 

Through the diagrams of Figure 2 it is possible to 
appreciate the different paths for the fall of customer 
satisfaction and dissatisfaction, as well as dissimilar 
maximum extents of unexploited margins. The curves' 
trajectories depend consistently on the kind of attributes 
that are primarily fulfilled along the process phases. On 
the other side, the peaks of unexploited satisfaction are 
related with the relevance of the customer requirements 
and the degree of influence played (kij coefficients). It is 
worth to notice that, while some diagrams follow gradual 
trajectories along the whole abscissas range, in some 
cases the slope of the curves is significantly different 
according to the performance level. Thus, with reference 
to Figure 1b an intermediate level of Laboratory Research 
performance would result in a consistent drop of 
unexpected benefits, while it doesn’t meaningfully affect 
the avoidance of customer dissatisfaction. 

Thanks to the introduced model, the firm dealing with the 
process underpinning lipsticks production can better 
evaluate the consequences of underperformance and 

effects of further limited reliability of the phases. A more 
detailed survey of the business process can also highlight 
the risks arising from outsourcing, in the event that the 
accounted activities aren’t undertaken at the current 
performance, thus providing additional insights for the firm 
within the strategic decisions regarding the business 
process. As a whole, the integrative module allows a 
more careful investigation of the as-is state of the process 
and of the results of hypothetical to-be situations. 

 

 

 

 

 

Figure 2: Not exploited margins of satisfaction according 
to phases performance. 

 

6 CONCLUSIONS AND FUTURE ACTIVITIES 

The original contribution of the paper is the investigation 
of a preliminary model for estimating the harm provoked 
by process underperformances in terms of perceived 
customer satisfaction. The information that the model 
provides represents a considerable amount of insight 
concerning the business process, complementing the 
indications about value bottlenecks emerging from the 
PVA application. Such further insights overcome the 
limitations of the PVA in terms of representing the current 
situation rather than ideal circumstances. However, the 
preliminary integrative module requires wide confirmation, 
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notwithstanding the acknowledged scientific findings it is 
based on. 

Indeed, the planned future activities include an all-
encompassing evaluation by the cosmetic firm of the 
briefly summarized outputs, assessing whether the 
outcomes have been judged reliable and if the 
consequent decisions will be supported by positive 
confirmations. Furthermore, the experimentation of the 
proposed approach, aimed at assessing not only its 
effectiveness but also robustness and usability, 
represents an ongoing activity. 

Another thread of research will involve the implementation 
of different models for the evaluation of customer 
satisfaction extents according to attributes quality. The 
survey will include the models mentioned in Section 2 that 
weren’t firstly chosen for the recalled task and the results 
will be critically compared. Also the link (3) between 
phases’ performance and customer requirements quality 
has to be further investigated. More specifically the 
interplay of the phases in determining the provided level 
of the attributes requires a more detailed examination, 
taking into account diversified patterns to affect the 
quality, depending on the nature of the product features. 

Once the above mentioned open issues will be surveyed 
and the employed tools regarding the integrative module 
will be validated, analogous evaluations upon the phases 
value can be carried out with respect to those currently 
concerning their contribution to customer satisfaction. 
Further extensions will regard also the capabilities of the 
PVA methodology to interpret further negative outcomes 
of the ongoing business process (such as limited market 
appeal, non-conformities, unpredicted drawbacks) by 
revealing the inadequate phases and pointing out the 
measures to be attained and the proper resources to be 
channelled. 
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