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In its hyper-inflated usage, innovation simply means ‘‘something new’’, an
d is applied to any technical novelty. In its true meaning, innovating means 
designing something that will not only work under a technical point of view, but will also make business sense. ‘‘Design for Innovation’’ means 
considering that design cannot simply focus on a narrow meaning of ‘‘product use’’, because this could severely limit the diffusion of innovative 
products. The paper proposes an original model for representing what we call ‘‘beyond-use situations’’ and the influences among the actors involved in 
the innovation diffusion process.
 paper presents an 
ogy should support 
entable technique, 
 the medical-care 
Taking inspiration from social influence network models and from the Multi-issue Actor Strategy Analysis Model (MASAM), the

operational methodology to assess the influence of different actors on the decision to adopt a new product. In turn, such methodol

design teams to conceive novel solutions more likely to become factual innovations. The paper also describes a computer-implem

loosely derived from Quality Function Deployment, to practically apply the proposed methodology. An industrial case study from

sector illustrates its logic and operational steps.
1. Introduction

Over the last two decades, product development scholars and 
practitioners have studied success factors in innovation (see for 
instance [1–5]), and many of them have embraced the idea that 
products should be developed with a clear focus on customer 
needs. A variety of techniques have been proposed for this 

innovative products, really this kind of translation becomes more
complex. In these cases, products’ attractiveness and customer
needs are connected to product use, but products must be
conceived considering that customers may be embodied by
different actors with different roles and expectations, such as
buyers, users, and beneficiaries.

In the case of buses for public transport, for instance, the buyer
is the purchasing office of a local transport authority, the users are
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purpose, ranging from market research techniques aimed at 
understanding customer needs [6–8], to methods whose objective
is their translation into product requirements and specifications 
[9,10]. In general, these methods share the assumption that 
customers have a set of more or less tacit needs and that – given a 
product that adequately fulfills these needs – those customers will 
decide to purchase the product, thus ensuring product success in 
the market.

When moving from B2C (Business-to-Consumer) to B2B
(Business-to-Business) markets, and/or when dealing with highly
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its employees, such as bus drivers and maintenance crews, and the
direct beneficiaries are the passengers who buy a ticket and ride
the bus. However, there are also external stakeholders, such as
citizens being affected by the emissions of the vehicle, or passers-
by that may be impacted by the bus – quite literally in fact – in case
of an accident. Moreover, many other actors will interact within
the diffusion process, such as officials from the City hall,
environmental activists, and so on. In the case of medical devices
for hospital use, the customer as a buyer is the hospital’s
purchasing office, the users are the medical staff, the direct
beneficiaries are the patients, and outsiders may include patients’
relatives or employers. As a final example, when deciding on the
equipment to be installed during the renovation of a house, some
members of the family will be buyers, users and beneficiaries;
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Nomenclature

posi,j position, direction toward which an actor perceives

his or her own goals with respect to the need

sali,j salience, degree with which the realization of the

favorable outcome is relevant to the actor’s overall

objectives

impi,j importance attributed by actors to their native needs

infi0 ,i,j influence that actor i might undergo due to actor i0

with respect to issue j

N number of actors

aii,j susceptibility of actor i to interpersonal influence on

the issue j
other members (e.g., young children) will only be beneficiaries, 
and installers may have a role as users.

Inspiration for this paper has hence come from our direct 
experience in interacting with product development teams. 
Multiple times we have heard representatives from the sales 
functions raise issues such as ‘‘what is the value to the user of this 
function?’’, ‘‘the product is good, but it won’t be easy to get the 
‘sales pitch’ through when talking to purchasing managers’’ or 
‘‘firms will probably buy it, but they won’t get addicted enough to 
its use to make repeat purchases’’.

Moreover, often literature tells us that many apparently well-
conceived products have failed in the market [7,11,12], and this 
again suggests that product success probably has to do with a 
much broader view of ‘‘customer needs’’. At the same time, the 
way customers are involved in the development process is not a 
neutral process for companies, and can affect the way firms are 
perceived in the marketplace, as well as the own customer 
intentions [13,14].

It is in order to gain this broader view, that authors started 
thinking about the innovation diffusion process in its entirety as an 
essential unit of analysis for developing products.

Innovation Management literature has plenty of definitions for 
innovation. Most of the time, scholars follow the definition of 
innovation as the ‘‘commercial exploitation of an invention’’ [15]. 
Nevertheless, if one adopts the definition proposed by the 
Merriam Webster dictionary, which states that innovation is ‘‘the 
act or process of introducing [something] new’’, this definition 
points to the interesting concept of ‘‘innovation as introduction’’.

This introduction can be in sales channels, in the purchasing 
process carried out by firms and, of course, in the current use that 
might make the product not renounceable to a mass of users. A 
product will be successful only if it successfully makes it through 
these multiple ‘‘introductions’’, being considered innovation if it 
eventually results adopted and diffused. Consequently if a product 
does not diffuse, it cannot be considered an innovation whatever is 
its novelty and performance, and this implies that when well-
conceived products fail in the market, they fail in being innovation; 
and this happens not necessarily for technological reasons, but 
because the introduction and the adoption process fail.

Of course, this perspective requires considering innovation 
diffusion as the complex and multi-stakeholder process that it 
really is. In fact, a new product will become a successful innovation 
only when all the actors involved will favorably align their attitude 
toward its ‘‘introduction’’ in the portion of the process they play a 
role in, and this implies broadening the meaning that is usually 
given to the term ‘‘customer needs’’.

It was in order to gain this broader view, that authors started 
thinking about the innovation diffusion process as an essential unit 
of analysis for developing products, through the consideration that 

this requires engineering the product adoption process and
analyzing all the ‘‘customer needs’’ that emerge. This implies, 
going back to the examples above, that in order to design 
innovative medical devices, designers must take care of the entire 
adoption process, considering the needs of the medical staff 
(which is usually considered even now), the needs of the patient 
and the ones of the purchasing office that expresses the final 
decision on the adoption for the hospital. Without neglecting that 
these people live in organizations and therefore influence each 
other’s needs.

Following this line of thought, the research challenge that 
naturally emerges is to define approaches that might enable firms 
to systematically conceive and design products, so that ‘‘user 
needs’’ are considered in this rather broad sense, looking at all the 
actors involved in the adoption and considering their mutual 
influences.

This leads obviously to define approaches that foster synergies 
between marketing and R&D. The need for integrating these two 
business units is well known in literature [16,17], however none of 
the current contributions proposes tools that can be practically 
deployed for supporting the product development process to the 
extent that is required.

The paper has the research objective of filling this gap by 
proposing a methodology – loosely derived from Quality Function 
Deployment (QFD) and suitable to embed in a computer 
application – for engineering the adoption process within product 
development, by modeling the customer needs and requirements 
through a multi-stakeholder perspective. This is the main 
contribution, which sets this paper apart from previous literature 
on requirements capture.

This research develops and structures the preliminary 
empirical findings by Shluzas et al. [18], who presented a case 
study on identifying and managing value in a multiple-stakeholder 
envi-ronment and extends, engaging with its multiple-user 
perspective, other contributions [19] that propose the use of 
‘‘requirements clusters’’ in order to manage complex situations. 
Other authors proposed the use of integrating Value Analysis and 
QFD [20]. However, their objective was more general and it did not 
directly address those specific elements of design process that 
affect the adoption process.

From a methodological point or view, the research approach 
comprises the mapping of the adoption process and the analysis of 
all the actors whose needs could affect it. This study should be 
performed by different cycles of interviews that help to identify 
the relevant actors, their needs and the importance respectively 
attributed. Properly carried out interviews allow to extract 
influences among actors. The formal analysis of these influences 
implies the definition of the metrics to be used and the definition 
of the formal procedure for the aggregation of the gathered data; it 
can be performed by using methods borrowed from sociology, 
such as Social Network and Actor Network Analysis. The use of 
such methods in the context of product design and development is 
not very common, with Wadell and Norell Bergendahl [21] being 
one notable exception. This singularity defines a further element 
of originality of this research.
    The next session clarifies in further details the objectives of this 
research and the validation approach followed by the authors.

2. Needs and requirements in product design and development 
literature

As mentioned in the Introduction, a cornerstone of modern 
product development is the understanding of customer needs, 
often termed ‘‘the Voice of the Customer’’ [22], and their 
translation into product requirements.

‘‘Needs’’ indeed represent the basic motivation for pushing 
people to change their situation [23–25], and hence they are at the 

basis of customer adoption decisions. Belch and Belch [26] even



explicitly considered consumer needs as an output of consumers’ 
decision-making problems, as well as the importance of widening 
the perspective toward the customer behavior, in order to 
correctly define product requirements, is definitively recognized in 
market-ing literature [27–30].

Nevertheless, in addition to the marketing literature, many 
other authors from diverse fields provide evidence that firms 
should focus on customer and market needs for new product 
development. In Engineering Design, marketing-oriented issues 
are considered success factors of product development projects 
[31–33], and also design approaches inspired by TRIZ, in 
identifying possible future scenarios for a given product, posi-
tioned the product of the anticipatory design tasks with respect to 
the clusters of consumers they intend to address [34–36].

More recently, the ‘‘customer need’’ concept in Engineering 
Design has been quickly broadened considering the role of 
emotions, psychological issues and emotional designs 
[37,38]. These studies in particular, require a deeper understand-
ing of customers’ perception of value, given their ‘‘life space’’, and 
the cultural and usage context in which they live.

In architecture or industrial design, instead, the problem of 
framing needs by keeping the social context into account and 
creating a social design process were largely assimilated. Since 
Alexander’s seminal contributions [39], this literature has been 
highlighting the need for social acceptance of artifacts, and now 
this view finds its modern manifestation in the many approaches 
that advocate ‘‘participative design’’ of solutions to societal 
problems [40].

Additionally, in industry, topics such as ‘‘co-design’’ or 
‘‘participatory design’’ are the evidence of the importance of 
considering the user/customer’s perspective in design.

Therefore, a firm may use the term ‘‘need’’ for analyzing the 
sheer technical functionality of a product, or may widen its view 
and address cultural, psychological and emotional aspects as well. 
The most disruptive innovations are in fact the ones that blend a 
novel technical solution to a need that is deeply and widely felt by 
customers, but was previously unaddressed because the technol-
ogy was not available, because industry did not consider it, and 
because customers were not even aware of it.

Contrasted to needs, requirements can be defined as ‘‘struc-
tured and formalized information about a product’’ which 
‘‘consists of a metric and a value’’ (e.g., [10]). Information captured 
from the customer’s context therefore must be converted into 
information that is usable by technical personnel for designing and 
developing the product. In this sense, requirements can be 
considered the translation of needs into product design specifica-
tions, which define the set of technical constraints that make it 
possible to assess whether needs are satisfied in a given context. 
According this view, once a target need has been identified, the 
formulation of the related requirements is an essential design 
activity that implies a composite combination of analysis, 
synthesis and choice [41].

Regarding the tools and the methods for need identification 
and requirement definition, a number of approaches have been 
proposed in the Engineering Design literature and are implemen-
ted in industry (for a survey, readers can refer to [42]). Quality 
Function Deployment is probably the most popular [43], others 
aim at including users’ inputs in the design process, such as value-
centered approaches and user/human-centered methods (e.g.,
[44,45], for a review, [37]), while other methods – such as Value 
Engineering and target pricing and costing – can also play a role 
[20].

In particular, some contributions have proposed detailed 
prescriptive criteria to codify the information gathered from 
external sources [46], some others have attempted to support 
requirements elicitation through dialog-based computer systems
[47], and others have implemented virtualization of interaction 
tests [48], including the users’ ‘life space’ with cultural aspects and 
usage contexts [49].

However, all these methods focus on needs and associated 
requirements with reference to ‘‘product use’’, and therefore 
concern product functionalities. Being successful innovation 
associated to many different situations and stakeholders, all these 
needs have to be adequately addressed [50] and ‘‘beyond-use’’ 
situations have to be carefully studied, as discussed in the next 
section. Besides, after introducing the concept of a multi-actorial 
context, the paper continues with an original model developed by 
the authors to build a suitable design specification (list of 
requirements and related links to the different stakeholders’ 
needs). The resulting model is an adaptation of concepts already 
established in other domains, specifically strategic analyses and 
negotiations. Nevertheless, its reliability for the specific purpose of 
supporting design for innovation should be demonstrated by 
multiple applications in real case studies. While this extensive 
validation is still in progress, the last chapter of the paper before 
the conclusions describes in detail an application in industry that 
provides a comprehensive picture of the applicability of the 
proposed model and of the value of its outcomes.

3. Beyond-use situations and the multi-actorial context

The process leading to innovation is considerably more 
complicated than making sure that an individual buyer and seller 
will find mutual benefit from a transaction, so that the former will 
buy products from the latter [51]. In fact, the process that leads to 
the purchasing decision depends on the organizational complexity 
of the customer (who may be an individual, a household, a small 
firm or a very large organization) and on the mutual influence 
between actors. This mutual influence, based on social and 
organizational pressure, word-of-mouth effects [52] and exter-
nalities [53] is known to be a key determinant in innovation 
diffusion processes, so that an innovation is seldom associated to a 
single actor [51,54]. Moreover, not only customers and users are 
not necessarily the same person, but even benefits of a product 
might derive not only from the mere use [19,55] and designers 
often experience that different stakeholders are involved and 
influence the use of the product [18,56].

Therefore, in order to frame this problem in a systematic way, 
as shown in Fig. 1, three main ‘‘beyond use’’ situations can be 
imagined [57]. The first one is ‘‘purchasing’’, which is directly done 
by customers. The second one is ‘‘delivering benefits’’ which is 
associated to, but not coincident with, usage (e.g., the doctor uses a 
medical device and the patient benefits from it). The third 
situation is ‘‘creating further impact or externalities’’, that 
considers the effects that propagate beyond direct beneficiaries 
(e.g., inconve-nience for passengers if the underground is 
continuously out of order).

Given these three situations, it is possible to identify four 
stakeholder roles: buyers (typically appointed as customers), 
users, beneficiaries and outsiders. The three former categories are 
directly involved in the adoption process, while the last one rarely 
exerts a direct influence on it.

Obviously, the proposed set of situations and stakeholder roles 
represent a good balance between simplicity and capability to 
characterize realistic situations. Of course, there might be cases 
that are more complex so that the model might have to be 
extended, e.g., defining diverse categories of outsiders. As well, 
there are simpler situations in which a single actor plays more 
than one role at once. In any case, these situations do not 
substantially affect the term of the discussion.

Each stakeholder involved in the process operates according to
a set of specific needs. These needs can emerge from the actor itself
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Fig. 1. The multi actor context of beyond use situations.
or can result because of influences cast among actors. Actors in fact
are immersed in social contexts and the relationships between
them influence their opinions and needs. A new medical device
very cheap, but somehow difficult to use, will be probably
discarded, because doctors will object to the procurement office of
the hospital and oppose the purchasing decision, or may simply
avoid using it once it has been bought. Conversely, a nurse that
uses a bandage for a daily medication can convince the doctor of
the validity of that product with respect to others, as well as the
maintenance crew of bus vehicles can stress designers for the use
of specific components in the architecture. In these cases, actors
might change their own opinion due to the exerted influence.

In some cases, the relationships between all these actors are
relatively straightforward to identify, because of organizational or
contractual linkages. In other cases, they may be more subtle and
lead to indirect impacts and externalities. Some needs may be well
known, either because they are obvious, or because they are
induced by external entities (e.g., regulations), or because they
reflect common sense or general interest. In other cases, needs may
be more or less hidden and sometimes even unknown to the same
actors. Referring to the medical devices example, it is obvious to
assume that – all the rest being equal – hospital management will
prefer a product that minimizes discomfort to the patient, even
without receiving direct influence from patients themselves.
However, the importance that management will attach to this
need may be altered if patients do cast such an influence (e.g.,
through a patients-rights association) or if – by purchasing a less
invasive device - managers consider that this choice might attract a
higher number of patients.

All this has two main consequences for product development.
First, designers must consider a wider set of needs deriving
from multiple stakeholders as the basis for requirements
definition. Requirements must take into account these stake-
holder needs in such a way that all stakeholders, who are
involved in the adoption decision, find an equilibrium in the
product features.

The second consequence is that product developers should
investigate the relationships and the mutual influences among
actors, to estimate how importance of the needs is attributed and
can be modified. Knowing in fact the actual importance attributed
is indeed of paramount importance for any product requirement
definition and is integral to defining the ‘‘go-to-market’’ strategy to
be followed for ensuring its introduction.

In the following, hence, we will refer to two classes of needs,
‘‘native needs’’ and ‘‘reported needs’’. Needs are native if they are of
direct concern to the actor itself, while an actor X has a reported
need Y, if that need emerges because of the influence cast by some 
other actors on X, and if Y would not have been considered at all by 
X, had the influence been missing.

4. From needs to requirements: how to manage multi-
stakeholder contexts

The approach here proposed for the analysis of inter-actor 
influences is inspired by social influence network models [58] and 
by the Multi-issue Actor Strategy Analysis Model [59]. Both these 
approaches are usually applied to strategic analyses and negotia-
tion problems. They assume that an actor’s present opinion on an 
issue results from the combination of that actor’s original opinion 
and from the influences that other actors have exerted on him or 
her. Besides, they model this influence in different ways. Friedkin 
and Johnsen, in particular, that derive their background from 
social psychological theories [60,61] set their work onto the Social 
Network Theory [62–65] and consider that the degree with which 
an actor will be influenced depends on his or her susceptibility to 
interpersonal influences, which weights the part of the actor’s 
opinion that results from external influences.

On the other hand, the MASAM approach that derives from 
political forecasting (e.g., [66]), collective decision-making [67] 
and negotiation support [68], borrows from these backgrounds a 
set of constructs (and the associated metrics). This allows 
defining actor’s opinion, and specifically the position of that actor 
on the issue and the salience (i.e., the relevance) of that issue to 
him or her.

Susceptibility and salience may be correlated, but they are 
consequent. In some cases, an actor who considers an issue as very 
relevant to him or her may be open to external influences. In other 
cases, this high degree of relevance may lead to being inflexible 
about it. Therefore, it is interesting to investigate how issues are 
positioned with respect to these two aspects, as shown in Fig. 2.

If the salience of i on an issue j (i.e., Sali,j) is high, the actor is 
highly interested and may be more or less prone to be influenced. 
If the own susceptibility of an actor i about the issue j (i.e., aii,j) is 
high, there will be room for negotiation. Instead, if susceptibility is 
low, the actor will not be open to changes in his or her opinion. If 
salience on an issue is low, a subject will be uninterested. In case of 
high susceptibility, the actor will be very open to external 
influence since the issue is not be a concern at all; conversely, the 
actor may have low interest in the issue, but also be closed to 
external influence, and the issue will not be touched.

In our model, the issues on which actors focus their attention 
are the needs.
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Fig. 2. Salience and susceptibility define four situations for negotiation.

1 It is worth noting that the influence potentially exerted by all the other actors is

here appointed as a binary variable: it assumes the value 1 if at least one of the

actors has the capability to influence the actor i (i.e. the relative influences have to

be normalized); the value is instead zero if there are no actors in the condition to

influence the actor i. Besides, the susceptibility is the parameter that controls the

individual permeability to others’ influences.

50
�1 � posij � 1.
Actors can prioritize their positions on each issue, and this

priority can be estimated as the degree of salience [59]. Salience 
represents the degree with which the realization of the 
favorable outcome is relevant to the actor’s overall objectives. 
In this study, the salience sali,j of Actor i on Issue j represents the 
degree with which the actor feels the need as a priority, and the 
weight with which he or she would perceive a loss of utility 
should the outcome differ from the preferred position. Salience 
can be normalized into the [0,1] interval, so that salience of 
0 means that the actor has absolutely no interest in the need, 
whereas the value 1 represents the strongest possible salience. A 
need j will be considered to be native to actor i if and only if salij 
is non-zero.

Position and salience provide a complete definition of the 
opinion of Actor i on Need j, and make it possible to define the 
importance impi,j attributed by actors to their native needs. In the 
absence of influence, importance would be given by the product of 
position and salience.

impij ¼ salij�posij (1)

So, if an actor i who has posi,j = �0.5 and sali,j = 0.2 on need j, will 
have a weak interest for a preferred outcome that is slightly 
oriented to negative values. This will result in impij = �0.1. Two 
actors may perceive need j with the same salience, but have 
opposite positions on them, which will lead to a conflict to be 
managed in some way.

4.2. Reported needs

Actors also have the attitude and capability to influence other 
actors. The influence process can be modeled by adopting the 
following three assumptions made by Friedkin and Johnsen [59] 
when defining the degree of potential influence infi0 ,i,j (the

4.1. Native needs

Given a certain need, the preferred outcome, which, if realized, 
would best suit the actor’s objectives, is defined as the position of 
that actor on the need [59]. This means that, given a certain need 
manifested by a certain actor (e.g., weight of a medical device for 
ensuring its stability), other actors might have completely 
different opinions (e.g., a lighter device might be easier to handle 
for cleaning purposes). The position indicates the direction 
toward which an actor perceives an identified need with respect 
to his own expectations. In this study, the position of Actor i on 
Need j, posi,j, is set along a continuum between two extreme values 
that can be normalized to the interval [�1,1], so that
influence that actor i might undergo due to actor i0 with respect
to issue j). This influence:
� is
 set along a linear continuum between 0 and 1, and hence:

0�inf i0 ;i;j�1 8 i; 8 i0; 8 j (2)

is such that the total influence cast by other actors is either nil,
�

or equal to 11:

X
i0 6¼ i

inf i0 ;i;j ¼
1 if inf i0 ;i;j >0 for at least one value of i0

0 otherwise:

(

8 i; 8 i0; 8 j (3)

is such that reflexive influences are nil.
�

inf i;i;j ¼ 0 8 i; 8 j (4)

So, it is possible to construct the N � N matrix of potential direct
�

influences among the N actors on the issue j, defined as:

inf j ¼ ½inf i0 ;i�j 8 j (5)

Given these potential influences and depending on the
openness of each actor to accept them, opinions on needs will
be modified, altering the importance ascribed to native needs
and perceiving new ones. The influence process is character-
ized by the following:

� If
 the influence between two actors exists (i.e., if inf i0 ;i;j >0), the

susceptibility of actor i to interpersonal influence on the issue j,
aii,j, mitigates the influence he or she can be subject to.
Susceptibility may assume any value along a linear continuum
between 0 and 1, and hence:

0< aii;j�1 8 i; 8 j (6)

If there is no influence,
P

i0 6¼ iinf i0 ;i;j ¼ 0 8 i; 8 j; aii,j is
assumed to be zero.

� A
t each occasion in which influence among actors occurs,

potential influences become effective if actors are susceptible
to receive them. So, a new matrix that describes the effective

influences is determined:

INFj ¼ A�inf j þ I�A 8 j (7)

where A = diag(a11, a22, . . ., aNN) is the N � N diagonal matrix of 
actors’ susceptibilities to interpersonal influences. Therefore, 
the effective influence an actor is subject to is given by a blend 
of potential external influences (weighted by his or her 
susceptibilities) and internal conviction (given by the comple-

ment to 1 of susceptibilities). Consequently, the matrix 
described by Eq. (7) is such that:
(1) t
he elements of the main diagonal represent the internal
conviction of an actor:

INFii;j ¼ 1�aii;j 8 i; 8 j (8)

the other elements of the matrix are:
(2)
INFi0 ;i;j ¼ aii;j�inf i0i;j 8 i con i0 6¼ i; 8 j (9)

and represent the external influences, moderated by suscepti-

bilities.

� T
he influence process progresses over time and is iterative.

Therefore, the opinion an actor has at time t will depend on his/



Fig. 3. Discord and overall importance distinguish four situations of conflict

between i and i0 .
her opinion in the past. Again, the degree with which one’s
opinion varies at each step will depend on susceptibilities.
Considering a group of N actors, the influence process is
therefore defined through:

(10)IMPðtÞj ¼ ðI�AÞ�IMPð1Þj þ A�INFj�IMPðt�1Þ
j where IMP(1) is

the N � 1 vector of initial importance attributed by the N actors,
IMP(t) is the N � 1 vector of importance values at step t,
INFj = [INFi0 ,i]j is the N � N matrix of the real influences on need
j, and A is the matrix of susceptibilities. If an actor is not
susceptible to external influence, the importance vector will
remain the same, whereas change in opinions will be faster if
susceptibility is high.

Assuming that the influence process reaches an equilibrium,
that is

9 limt!1IMP
ðtÞ
j ¼ IMP

ð1Þ
j 8 j (11)

Eq. (10) becomes:

IMP
ð1Þ
j ¼ ðI�AÞIMP

ð1Þ
j þ A�INFj�IMP

ð1Þ
j (12)

and hence:

IMP
ð1Þ
j ¼ ðI�A�INFjÞ

�1
ðI�AÞ�IMP

ð1Þ
j 8 j (13)

Having determined the final importance of each need and for each
actor (represented by the elements of IMP

ð1Þ
j ) is a key step in the

direction of creating a comprehensive list of requirements
aggregating the views of different actors. In fact, the final goal
of this analysis can be the compilation of a single list of
requirements that may – for instance – be used as an input to a
QFD matrix.

The aggregation of needs across actors is quite critical, since it
would be misleading to simply compute an average of importance
levels. This would ‘‘cover up’’ the potentially contrasting views that
actors may have on a given need, and would lead to developing a
product that does not really satisfy any specific actor, would easily
be vetoed by one or more of them, and therefore would not be
adopted at all.

Moreover, products are seldom adopted by having all actors
meeting together, so that they can negotiate over their contrasting
views. In real life, the sales and adoption process often is based on a
number of bilateral interactions between the producer and each
actor, all of which must lead to a positive outcome for the adoption
process to advance. So, analyzing actor-specific importance vectors
allows the firm to understand potential conflicts, design the sales
process and, if needed, try to modify the inter-actor pattern of
influences in order to reduce resistance to adoption.

That said, the product development team might nonetheless
find it appropriate to transform vectors IMPi (1) into a single
[(Fig._4)TD$FIG]

Fig. 4. The complete procedure for the multi-stakeholder analysis.
vector IMP (1) that may be fed into a QFD matrix. When doing so,
it is important to identify conflicts, which occur if two actors i0 and i

have, with respect to need j:

IMP1i0 ;j�IMP1i;j <0 (14)

So, an indicator of the degree of potential conflict arising around
the product is represented by a measure of the discord between
each pair of actors, given by:

si0i ¼
IMP1i0 ;j�IMP1i;j

signðIMP1i0 ;jÞ�signðIMP1i;j Þ
(15)

Being

IMP1i0 ;j ¼ maxkIMP1k;j and IMP1i;j ¼ minkIMP1k;j:

Having now the information about conflicts, designers can 
consider it in addition to an aggregated measure of importance as 
the one expressed by Eq. (16):

Impj ¼
X

i

imp1i;j (16)

This allows framing the problem need by need, and distinguish-
ing among the four cases shown in Fig. 3.

A first case occurs if a need is not very important and actors are 
substantially in agreement, which suggests that there hardly will 
be any concern. A second case emerges in the case of needs that are 
considered by all parties to be important and do not exhibit 
conflicts; meeting these needs will obviously become a priority for 
the product development team. In the latter two cases, actors 
exhibit a significant disagreement on a need. Should the 
importance be low, the potential conflict will be easy to solve,
The meaning of the arrows is compliant with IDEF0 modeling.
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Purchaising DPT Pos ij Sal ij impij (1) aii, j Who? i' Pos i' Sal i' infi'i
1 cheapness 1 1 1 0

Management Pos ij Sal ij impij (1) aii, j Who? i' Pos i' Sal i' infi'i
2 reduce length of hospital stay 1 0,8 0,8 0,6 Doctor 1 0,6 1
3 reduce human resources 1 0,75 0,75 0,8 Doctor 1 0,65 1

Doctor Pos ij Sal ij impij (1) aii, j Who? i' Pos i' Sal i' infi'i
2 reduce healing �me (reduce length of hospital stay) 1 0,65 0,65 0,6 Management 1 0,8 0,5

Pa�ent 1 0,8 0,5
3 reduce human resources 1 0,6 0,6 0,5 Management 1 0,75 1
4 effec�veness of treatment (in situ pharmacological pre 1 1 1 0
5 prevent losses and bleeding 1 0,8 0,8 0,4 Nurse 1 0,8 0,4

Pa�ent 1 0,6 0,6
6 reduce infec�on risk 1 0,9 0,9 0,4 Nurse 1 0,7 1
7 simplify further analysis 1 0,6 0,6 0,6 Nurse 1 0,8 1
8 feels comfortable (not annoying) 1 0,7 0,7 0,4 Nurse 1 0,7 0,3

0 Pa�ent 1 1 0,7
9 pain relief 1 0,75 0,75 0,5 Pa�ent 1 1 1

10 correct posi�oning and adherence -0,6 0,25 -0,15 0,6 Nurse 1 0,9 1
11 breathable 1 1 1 0,5 Nurse 1 0,9 1
12 good resistence if soaked 1 0,3 0,3 0,8 Nurse 1 0,7 0,5

0 Pa�ent 1 0,6 0,5
13 easy to apply and remove 1 0 0 0,3 Nurse 1 1 0,55

0 Pa�ent 1 0,65 0,45
14 fast applica�on 1 0 0 0,3 Nurse 1 1 0,45

0 Pa�ent 1 0,6 0,55
15 ensure long effec�veness 1 0 0 0,45 Nurse 1 0,65 1
18 encurage good cicatriza�on 1 0 0 0,8 Pa�ent 1 1 1
17 adapt to different body parts 1 0 0 0,5 Nurse 1 1 1

Nurse Pos ij Sal ij impij (1) aii, j Who? i' Pos i' Sal i' infi'i
5 prevent losses and bleeding 1 0,8 0,8 0,5 Doctor 1 0,8 0,6

0 Pa�ent 1 0,6 0,4
6 reduce infec�on risk 1 0,7 0,7 0,5 Doctor 1 0,9 1
7 simplify further analysis 1 0,8 0,8 0,8 Doctor 1 0,6 1

13 easy to apply and remove 1 1 1 0,8 Pa�ent 1 0,65 1
14 fast applica�on 1 1 1 0,8 Pa�ent 1 0,6 1
15 ensure long effec�veness 1 0,65 0,65 0

8 feels comfortable (not annoying) 1 0,7 0,7 0,6 Pa�ent 1 1 1
16 allow to use wrong dimensions 1 0,4 0,4 0

9 pain relief 1 0,7 0,7 0,5 Pa�ent 1 1 1
17 adapt to different body parts 1 1 1 0
12 good resistence if soaked 1 0,6 0,6 0
11 breathable 1 0,9 0,9 0,3 Doctor 1 1 1
10 correct posi�oning and adherence 1 0,9 0,9 0,4 Doctor -0,6 0,25 1

4 effec�veness of treatment 1 0,6 0,6 0,4 Doctor 1 1 1
2 reduce healing �me 1 0 0 0,3 Doctor 1 0,6 1

18 encurage good cicatriza�on 1 0 0 0,5 Pa�ent 1 1 1

Pa�ent Pos ij Sal ij impij (1) aii, j Who? i' Pos i' Sal i' infi'i
2 reduce length of hospital stay 1 0,8 0,8 0
5 prevent losses and bleeding 1 0,6 0,6 0

13 easy to apply and remove 111Nurse0,80,650,651
14 fast applica�on 1 0,6 0,6 0,8 Nurse 1 1 1

8 feels comfortable (not annoying) 1 1 1 0
18 encurage good cicatriza�on 1 1 1 0

9 pain relief 1 1 1 0
12 good resistence if soaked 1 0,5 0,5 0

Fig. 6. Matrix of the native attributes.

Fig. 5. The procurement process in the wards.



at the limit by neglecting the need and downplaying the conflict 
when engaging with actors. Conversely, should the importance be 
high, the product development team will have to find ways for 
tackling what could become a very critical stumbling block for 
product success. Ideally, one would like all stakeholders to meet 
together and negotiate a compromise solution. However, it may be 
quite common to find cases in which this direct confrontation is 
not possible, and a compromise solution being imagined by the 
development team could simply be vetoed by any one actor. So, 
the firm will be forced to choose one of two paths. On the technical 
side, the firm could try to conceive technical solutions that remove 
the blocking contradictions [61]. On the side of marketing, it could 
try operating on the actors’ preference structure by either acting 
on individual actors (e.g., convincing a hospital manager that a less 
painful treatment may ultimately attract patients and increase 
revenues) or on inter-actor influences (e.g., stimulating the bus 
drivers’ trade union to take a firm stance on the issue of driving 
comfort).

Once importance values are aggregated and eventual conflicts 
managed, each need will have its well-identified importance and, 
consequently, the list of needs will be ready to be fed in a QFD 
matrix. This last step is common practice and does not therefore 
need to be discussed further.

Summing up, one can describe the complete procedure through 
the diagram shown in Fig. 4, whose symbolical representation is 
partially borrowed from IDEF0 diagrams.

5. A case from the medical-care industry

The multi-stakeholder method presented in this paper has been 
progressively developed and tested in a variety of cases [69], from 
industrial machinery to medical devices. Those pilot experiences 
have been supported by a prototype spreadsheet application under 
the guidance of one of the authors acting as a facilitator.

In this paper we will describe one of these cases, coming from 
an Italian start-up company that develops an innovative product 
(KITOSMART1) that could replace the bandages, gauzes and

[(Fig._7)TD$FIG]

Fig. 7. Analysis of ne
dressings used to dress wounds in both domestic and hospital 
environments.

Working with a start-up company in the Medtech industry was 
an ideal test-bed for the method. Being a start-up, the firm really 
felt the need to make sure its products could be well received by 
the market. Organizational procedures and processes were not 
structured yet, and there was no inertia in adopting a new method 
for requirements capture. Moreover, the acceptance of medical 
devices does not only depend on the technical merits of the 
product, but also on the firm’s capability to understand and 
interact with a complex purchasing process that includes multiple 
actors.

At first, the firm analyzed the purchasing decision process in 
detail, which appeared to be well-structured and completely 
defined. When a supply contract for dressings expires, the 
purchasing department appoints a committee of doctors and 
nurses, who compile a written document defining the specifica-
tions that the dressing must satisfy. The specifications are then 
inserted in a tender document to which companies can apply. 
Firms are required to send specimens of their products, which are 
tested by another committee in charge of shortlisting the 
preferred ones. At this point, the purchasing department decides 
the product to buy, based on ‘‘economic convenience’’ and 
negotiates a 3–5 year contract. The complete decision process is 
represented in the diagram of Fig. 5.

Within this process, the firm identified and interviewed the 
following five actors: the purchasing department, ward manage-
ment, doctors, nurses and patients. Interviews were carried out on 
20 individuals in 5 different hospitals, with sufficient experience 
and leadership roles. Doctors were plastic surgeons and operating 
in departments specialized in severe burns; nurses were mostly 
head nurses and/or experts in applying bandages on bedsores and 
burns. Almost all doctors and nurses had been included at least 
once in a committee for the evaluation of bandages and dressings. 
It was chosen not to include patients’ relatives, since their needs 
were almost the same as patients’ and they were recognized to be 
detached from the decisional process.
gotiable needs.



Fig. 8. Influence analysis of Needs for CHITOSMART products.



Interviews were composed by two different sections: initially, a 
semi-structured interview was aimed at identifying potential 
needs and the influences between actors; then, a structured 
interview allowed to elicit values for position, salience and 
susceptibility to the needs. Each item was calculated directly 
asking people to locate themselves on the scales that represented 
the constructs. The values attributed were validated through 
expressed sentences on a 5-level Likert scale, wherein the value ‘0’ 
corresponds to a neutral position between a strong disagreement 
(‘�2’) and a strong agreement (‘+2’). Internal consistency of the 
measures was checked using Cronbach’s alpha.

The collected data are listed in Fig. 6. It is noteworthy that 
positions on needs were equal to 1 in all cases except for one (i.e., 
need 10). In this case, doctors had a quite different opinion than 
nurses, since ‘‘adherence to body portions’’ is important to 
maintain the medication steady, but it can compromise breath-

ability.
At first, data were used to map needs according to the scheme 

in Fig. 2. As shown in Fig. 7, some needs resulted to be ‘‘not 
negotiable’’ and others as issues of possible concern. Among the 
nonnegotiable needs, some were straightforward and highly 
relevant from the medical perspective (e.g., shortening the 
cicatrizing process), while others were relevant from both the 
medical and managerial points of view (e.g., shortening hospital 
stay). Need 10 came out to be ‘‘negotiable’’, and this made the 
designers hope that the conflict could be easy to tackle later on.

The second step of the study consisted in analyzing inter-actor 
influences on the needs. The results of the analysis are shown in 
Fig. 8.

At this point, the firm attempted to aggregate importance 
across actors. The only conflict that had emerged, between 
adherence to body portions and breathability, was solved by 
tackling the contradiction from a technical perspective. Specifical-
ly, the product development team designed pre-shaped bandaging 
components, thus ensuring stability, and revised the structure of 
the bandage in order to allow a better modulation of compression. 
For the other needs that were conflict-free, merging the different
[(Fig._9)TD$FIG]

idimpijdescrip�onid
Cheapness11,00Cheapness1

leReduce20,80stayo�ospitallengthReduce2

huReduce3

Effec�ven4

5 Prevent losses and bleeding loPrevent50,71

inReduce60,81riskinfec�onReduce6

Simplifyfu7

8 Feels comfortable (not annoying) comFeels80,87

9 Pain relief reliefPain90,88

10 Correct posi�oning and adherence poCorrect100,53

Breathable110,60Breathable11

12 Good resistence if soaked resisGood120,20

apEasyto130,60removeapplyandEasyto13

applicFast140,50applica�onFast14

lonEnsure150,60longeffec�venessEnsure15

uAllowto16

dtoAdapt17

18 Encurage good cicatriza�on 180,70 Encurage 

(a)

Fig. 9. Final list of
lists of needs in a single one was performed without any particular 
problem. In the end, a final list of needs was drafted, and Fig. 9b 
shows the final table that was accepted by the firm and then 
definitively validated by the panel of experts interviewed.

Comparing the list of needs identified thanks to this method 
(Fig. 9b) to the original list of needs developed only basing on 
designers’ experience (Fig. 9a), one can observe that the latter list 
is richer than the former, and that the importance attributed to the 
needs have changed. Some needs were fairly obvious and hence 
were identified since the beginning, but other ones emerged only 
because of the direct investigation of the multi-actorial process. 
For instance, shortening the air exposure of the injured body areas 
was an obvious need and represented a key element of the 
product’s value proposition, because it reduces the leads to low 
risks of infection and goes hand in hand with a quicker and 
cheaper procedure, ease of positioning and use, faster medical 
treatment. Other requirements, such as the anatomic pre-
conformation of the components, the modulation of compression 
that hinders potential bleedings and blood-serum storage over the 
wound, the possibility of in situ pharmacological preparations and 
medicaments, and the impact on medical personnel’s efficiency 
emerged because the analysis of multiple actors’ perspectives. 
Moreover, a new need that was identified allowed to prevent a 
conflict (the one between breathability and adherence) and also 
led to a technically innovative solution.

Moreover, values of importance were modified following the 
study of inter-actor influences, which shows that a simple 
aggregation of a customer firm as a single entity might be 
misleading. The producer benefitted by gaining a much deeper 
understanding of which needs were (natively or reportedly) more 
important to each actor, thus defining with greater precision the 
message to be delivered to each actor when marketing the product.

Fig. 10 shows the derived house of quality for the QFD 
procedure. It has to be stressed that, in this house of quality, the 
importance associated to requirements do not reflect an abstract 
view of a ‘‘customer’’, but the precise and structured interplay of 
the actors that are involved in the innovation diffusion process.
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1 Cheapness 1,00 ● ◊ ○ ● ● ○ 6
2 Reduce length of hospital stay 0,59 ●○◊◊ 4
3 Reduce human resources 0,63 ◊ ● ● ● ● ○ ○ 7

4
Effec�veness of treatment (in situ pharmacological 
prepara�ons)

0,69 ○○●●●○●●
8

5 Prevent losses and bleeding 0,71 ● ● ● ◊ ◊ ◊ ● ● ● ● ○ ● ◊ ● 14
6 Reduce infec�on risk 0,81 ○ ● ● ○ ○ ○ ● ◊ ◊ ○ 10
7 Simplify further analysis 0,68 ○ ○ ◊ ● ○ ○ ○ ○ 8
8 Feels comfortable (not annoying) 0,87 ● ● ◊ ● ● ○ ○ ● ◊ ● 10
9 Pain relief 0,88 ● ○ ○ ● ○ ● ○ ○ ● ○ 10

10 Correct posi�oning and adherence 0,53 ○●◊○●○◊○● 9
11 Breathable 0,94 ● ○ ○ ● ● ● ● ○ ○ ○ ● 11
12 Good resistence if soaked 0,53 ◊ ◊ ◊ ● ● ● ● ○ ◊ 9
13 Easy to apply and remove 0,58 ○ ○ ○ ● ○ ○ ○ ○ ○ 9
14 Fast applica�on 0,56 ●○○●○○○ 7
15 Ensure long effec�veness 0,41 ◊◊●●◊●● 7
16 Allow to use wrong dimensions 0,40 ● ● ○ ◊ ◊ ◊ ● ◊ ● 9
17 Adapt to different body parts 0,67 ●●○○● 5
18 Encurage good cicatriza�on 0,70 ○ ◊ ● ● ● ● ◊ ○

Technical Importance by ISM   49,3 47 27,4 39,4 50,9 29,9 46,6 54,3 8,54 50,1 43,6 30,3 11,1 32,5 37,6
Rela�ve Tecnical Importance by ISM 90,7 86,5 50,4 72,5 93,6 55,1 85,7 100 15,7 92,3 80,2 55,8 20,5 59,8 69,2

Ranking Tecnical features by ISM 4 5 13 8 2 12 6 1 15 3 7 11 14 10 9
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Fig. 10. House of quality.
6. Conclusions

The paper aims at contributing to the debate about needs
identification and requirements specification, by introducing an
explicit representation of different stakeholders’ needs and their
reciprocal influences in these activities. The rationale behind the
method is that – failing to do so – products will be designed quite
narrowly around the perspective of a single stakeholder. Apart
from products characterized by a very simple purchasing process, a
product will be able to successfully penetrate the market only if all
relevant stakeholders agree on its adoption. So, mapping needs and
formulating requirements with a robust and comprehensive
approach can be essential for ensuring successful innovation
diffusion processes.

The paper has described a new methodology for the analysis of
needs from a multi-stakeholder perspective by examining the
impact of inter-actor influence. The methodology has been tested
in several instances through a prototype implementation in a
spreadsheet, and the paper reports the case of an Italian start-up
company in the medical devices industry. Results obtained have
been very interesting and allowed the firm to develop a set of
products that were quickly accepted for a distribution partnership
by an established industry player.

Due to the innovative nature of the methodology, further
refinements are of course possible. As well, its integration within a
software tool suitable to guide the user in the proper application of
the methodology is an obvious development of the work here
proposed.

Furthermore, based on experience gained when using it in
practical cases, one main direction for further research lies in the
systematic development of ways to manage conflicts in the
adoption process. As mentioned, this implies both working on
technical features, in order to sidestep contradictions, and on the
sales process, in order to operate on actors’ perceptions and their
mutual influences.
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[19] B. Rö der, H. Birkhofer, A. Bohn, Clustering customer dreams – an approach for a 
more efficient requirement acquisition, in: International Conference on 
Engineering Design (ICED11), 15–18 August, Kobenhaven, Denmark, 2011.

[20] X. Zhang, G. Auriol, A. Monceaux, C. Baron, A value- centric QFD for establishing 
requirements specification, in: International Conference on Engineering Design 
(ICED11), 15–18 August, Kobenhaven, Denmark, 2011.

[21] C. Wadell, M. Norell Bergendahl, Assessing the conditions for dissemination of 
end-user and purchaser knowledge in a Medtech context, in: International 
Conference on Engineering Design (ICED11), 15–18 August, Kobenhaven, 
Denmark, 2011.

[22] A.J. Griffin, J.R. Hause, The voice of the customer, Mark. Sci. 12 (1) (1993) 1–27.
[23] S.E. Beatty, L.R. Kahle, P. Homer, S. Misra, Alternative measurement approaches 

to consumer values: the list of values and the Rokeach value survey, Psychol. 
Mark. 2 (3) (1985) 181–200.

[24] L.R. Kahle, S.E. Beatty, P. Homer, Alternative measurement approaches to 
consumer values: the list of values (LOV) and values and life style (VALS),
J. Consum. Res. 13 (3) (1986) 405–409.

[25] A.H. Maslow, Motivation and Personality, 3rd ed., Harper & Row Publishers 
Inc., NY, USA, 1987.

[26] G.E. Belch, M.A. Belch, Advertising and Promotion: An Integrated Marketing 
Communications Perspective, 6th ed., McGraw-Hill, New York, NY, 2004.

[27] D.L. Loudon, Consumer Behaviour: Concepts and Applications, McGraw Hill, 
London, 1988.

[28] J.N. Sheth, B. Mittal, B. Newman, Customer Behavior: A Managerial Perspective, 
Dryden Press, 1998.

[29] J.N. Sheth, B. Mittal, Customer Behavior: A Managerial Perspective, 2nd ed., 
Thomson/Southwestern Publishing, 2004.

[30] R.L. Sandhunsen, Marketing, 3rd ed., Barron’s Educational Series, Hauppauge, 
New York, 2000.

[31] R.C. Cooper, E.J. Kleinschmidt, New Products: The Key Factors in Success, 
American Marketing Association, United States, 1990.

[32] R. Balachandra, K. Friar, Factors for success in R&D projects and new product 
innovation: a contextual framework, IEEE Trans. Eng. Manag. 44 (3) (1997) 
276–287.
[33] K.T. Ulrich, S.D. Eppinger, Product Design and Development, McGraw-Hill, 
New York, 2008.

[34] G. Cascini, F. Rotini, D. Russo, Networks of trends: systematic development of 
system evolution scenarios, Proc. Eng. 9 (2011) 473–483, http://dx.doi.org/ 
10.1016/j.proeng.2011.03.125.

[35] D.W. Clarke, Strategically evolving the future: directed evolution and 
technological system development, Technol. Forecast. Soc. Change 64 (2000) 
133–153.

[36] D. Mann, Better technology forecasting using systematic innovation methods, 
Technol. Forecast. Soc. 70 (8) (2003) e779–e795.

[37] J.C. Ortiz Nicolas, M. Aurisicchio, The scenario of user experience, in: 
Proceedings of the 18th International Conference on Engineering Design
(ICED11), vol. 7, 2011, pp. 182–193.

[38] K. Kim, H.S. Hwang, Exploring consumer needs with the Lewin’s life space 
perspective, in: International Conference on Engineering Design, ICED11, 15–18 
August, Kobenhaven, Denmark, 2011.

[39] C. Alexander, Notes on the Synthesis of Form, Harvard University Press, 
Cambridge, MA, 1964.

[40] K. Krippendorff, The Semantic Turn. A New Foundation for Design, Taylor & 
Francis, Boca Raton, 2006.

[41] G. Cascini, G. Fantoni, F. Montagna, Situating needs and requirements in the 
FBS framework, Design Stud. 34 (2013) 636–662.

[42] M.J. Darlington, S.J. Culley, Current research in the engineering design 
requirement, Proc. Inst. Mech. Eng. Part B: Eng. Manuf. 216 (3) (2002) 375–388.

[43] D. Clausing, Total Quality Development, 4th ed., American Society of 
Mechanical Engineers, New York, 1998.

[44] T. Miaskiewicz, K.A. Kozar, Personas and user-centered design: how can personas 
benefit product design processes? Design Stud. 32 (2011) 417–430.

[45] J. Redstrom, Towards user design? On the shift from object to user as the 
subject of design, Design Stud. 27 (2006) 123–139.

[46] R. Cooper, A.B. Wootton, M. Bruce, ‘‘Requirements capture’’: theory and 
practice, Technovation 18 (8–9) (1998) 497–511.

[47] M. Wang, Y. Zeng, Asking the right questions to elicit product requirements, 
Int. J. Comput. Integr. Manuf. 22 (2009) 283–293.

[48] M. Bordegoni, F. Ferrise, J. Lizaranzu, Use of interactive virtual prototypes to 
define product design specifications: a pilot study on consumer products, in: 
Proceedings of IEEE and ISVRI, 19–23 March 2011, Singapore, 2011.

[49] K.O. Kim, H. Hwang, Exploring consumer needs with Lewin’s life space 
perspective, in: Proceedings of the 18th International Conference on 
Engineering Design (ICED11), vol. 7, 2011, pp. 214–223.

[50] M. Weber, Developing what customers really need: involving customers in 
innovations, in: Proceeding of the 4th IEEE International Conference on the 
Management of Innovation and Technology (IEEE ICMIT08), Bangkok, Thailand,
(2008), pp. 21–24.

[51] K. Schmidt, B. Adamson, A. Bird, Making the Consensus Sale, Harvard Business 
Review, 2015, March.

[52] V. Mahajan, E. Muller, J. Wind, New Product Diffusion Models, Kluwer 
Academic Publishers, New York, 2000.

[53] J.J. Laffont, Fundamentals of Public Economics, MIT Press, 1988p. 287.
[54] M. Cantamessa, Design. .  .  but of what? in: H. Birkhofer (Ed.), The Future of 

Design Methodology, Springer, London, 2011.
[55] N. Becattini, G. Cascini, General-purpose requirements checklist for improving 

the completeness of a design specification, in: Proceedings of the DESIGN 2014 
13th International Design Conference, Dubrovnik, Croatia, 19–22 May,
(2014), pp. 111–120.

[56] L. He, W. Chen, C. Hoyle, B. Yannou, Choice modeling for usage context-based 
design, J. Mech. Design 134 (23) (2012).

[57] M. Cantamessa, G. Cascini, F. Montagna, Design for innovation, in: Proceedings 
of the International Design Conference – Design 2012, Dubrovnik, Croatia, May 
21–24, (2012), pp. 747–756.

[58] N.E. Friedkin, E.C. Johnsen, Social influence networks and opinion change, Adv. 
Group Proc. 16 (1999) 1–29.

[59] S. Bendahan, G. Camponovo, J.S. Monzani, Y. Pigneur, Negotiation in technology 
landscapes: an actor-issue analysis, J. Manag. Inf. Syst. 21 (4)
(2005) 137–172.

[60] F. Harary, A criterion for unanimity in French’s theory of social power, in: D. 
Cartwright (Ed.), Studies in Social Power, Institute for Social Research, Ann 
Arbor, MI, 1959.

[61] M.H. DeGroot, Reaching a consensus, J. Am. Stat. Assoc. 69 (345) (1974) 118–121.
[62] R.S. Burt, Toward a Structural Theory of Action Network Models of Social 

Structure Perception and Action, Academic Press, New York, 1982.
[63] P. Doreian, Estimating linear models with spatially distributed data, Soc. 

Method. 12 (1981) 359–388.
[64] L. Erbring, A.A. Young, Individuals and social structures: contextual effects as 

endogenous feedback, Soc. Methods Resour. 7 (1979) 396–430.
[65] N.E. Friedkin, Social networks in structural equation models, Soc. Psychol. Q. 53 

(1990) 316–328.
[66] B. Bueno de Mesquita, Political forecasting: an expected utility method, in: B. 

Bueno de Mesquita, F. Stockman (Eds.), European Community Decision Making 
Models, Applications and Comparisons, Yale University Press, New Haven, 
1994, pp. 71–104.

[67] M. van Assen, F. Stockman, R. Van Oosten, Conflict measures in cooperative exchange 
models of collective decision-making, Ration. Soc. 15 (1) (2003) 85–112.

[68] T. Allas, N. Georgiades, New tools for negotiators, McKinsey Q. 2 (2001) 86–97.
[69] Publication written by at least one of the authors, J. Integr. Design Process Sci. 

(2012).

http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0350
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0350
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0355
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0355
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0360
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0360
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0365
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0365
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0370
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0370
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0375
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0375
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0375
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0380
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0380
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0380
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0385
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0385
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0390
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0390
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0395
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0395
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0395
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0395
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0400
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0400
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0400
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0405
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0405
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0405
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0410
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0410
http://dx.doi.org/10.1111/jpim.12124
http://dx.doi.org/10.1111/jpim.12124
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0420
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0420
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0425
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0425
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0425
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0430
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0430
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0435
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0435
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0435
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0440
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0440
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0440
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0445
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0445
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0445
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0450
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0450
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0450
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0450
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0455
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0460
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0460
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0460
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0465
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0465
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0465
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0470
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0470
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0475
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0475
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0480
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0480
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0485
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0485
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0490
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0490
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0495
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0495
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0500
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0500
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0505
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0505
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0505
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0510
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0510
http://dx.doi.org/10.1016/j.proeng.2011.03.125
http://dx.doi.org/10.1016/j.proeng.2011.03.125
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0520
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0520
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0520
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0525
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0525
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0530
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0530
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0530
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0535
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0535
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0535
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0540
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0540
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0545
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0545
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0550
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0550
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0555
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0555
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0560
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0560
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0565
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0565
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0570
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0570
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0575
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0575
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0580
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0580
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0585
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0585
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0585
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0590
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0590
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0590
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0595
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0595
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0595
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0595
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0600
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0600
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0605
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0605
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0610
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0615
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0615
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0615
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0620
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0620
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0620
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0620
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0625
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0625
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0630
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0630
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0630
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0635
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0635
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0640
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0640
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0640
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0645
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0645
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0645
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0650
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0655
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0655
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0660
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0660
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0665
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0665
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0670
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0670
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0675
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0675
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0675
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0675
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0680
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0680
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0685
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0690
http://refhub.elsevier.com/S0166-3615(15)30058-0/sbref0690

	Design for innovation - A methodology to engineer the innovation diffusion into the development process
	1 Introduction
	2 Needs and requirements in product design and development literature
	3 Beyond-use situations and the multi-actorial context
	4 From needs to requirements: how to manage multi-stakeholder contexts
	4.1 Native needs
	4.2 Reported needs

	5 A case from the medical-care industry
	6 Conclusions
	Acknowledgments
	References




