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Abstract. This work proposes a competence-based approach, enriched by 
consensus, for deciding on team compositions, in particular, time- and quality-
dependent contexts, where teams have to perform some assigned activities. This 
problem is very relevant for the dynamics of logistic networks whose nodes are 
warehouses, distribution centers, and small family businesses that deal with 
work orders that have to be satisfied. The approach consists of models that 
focus on workers’ competences by using the Knowledge, Skills, and Attitudes 
model for workers’ knowledge representation, and competence models to 
describe the activities to be performed. Some consensus strategies among 
workers are then used to obtain the correct choice of teams to assign to the 
various work orders. According to the concept of value co-creation, this paper 
proposes an original and hybrid approach, based on competences and enriched 
by consensus, in order to obtain and select the most “suitable” teams for the 
activities to be performed. This approach is tested, carefully and in depth, on the 
real case of a small family business inside a sophisticated logistics area, 
consisting of a fleet of trucks that, by transporting goods from one point to 
another, underpins the logistics chain inside the Campania region (Italy). These 
areas of logistics consider small family businesses, which manage the 
maintenance and repair or trucks, as highly critical nodes of the system. We 
show that our approach produces results similar to the decisions made by the 
leader of such a small family business. 
Keywords: Logistics, competence, consensus, experience. 

1 Introduction and Motivations 

The emergence/need of new requirements has caused deep changes in logistic concepts. In fact, 
logistics is currently seen as an integrated or embedded flow of materials and information, which 
need to be managed as a single entity, going from raw materials to final consumers along the 
whole value-chain. Obviously, the efficiency and effectiveness of an ideal logistic path is based 
on the integration and coordination of producer-consumer chain activities. In fact, the transit to 
the consumer deals with a dense logistic network, which involves several actors or nodes. 
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In this context, the success of operations depends on a great number of factors. In particular, 
considering transportation times from one point to another, the need to ensure suitable conditions 
for transported goods (e.g., fresh food in a cold chain context) is based on the ability to reduce 
unexpected events, such as faults that can occur on trucks passing through the various points of 
the network. For long distances, large freight companies, with internal workshops, manage truck 
fleets that handle the distribution of goods among nodes of the logistic network, ensuring an 
efficient service. On the other hand, in specific geographical areas, such as the Campania Region 
and especially the so-called district “Agro Nocerino Sarnese” (ANS), the whole universe of 
small and medium retailers is mainly served by the so-called “Padroncini”, which are small 
freight companies often consisting of just one person. In particular, Padroncini represent the 
backbone of the whole area, ensuring distribution of products to small and medium 
municipalities. In the ANS, Padroncini use a great number of workshops/establishments which 
specialize in the repair, customization, and maintenance of trucks. These establishments offer 
maintenance and assistance to Padroncini, as they are often exposed to different faults, such as 
mechanical breakdowns that might have a negative impact on the transport and/or storage of 
products. The latter is much more critical because conditions that guarantee the products’ safety 
in distribution centres depend on the effective preservation which is ensured by the proper 
functioning of the trucks’ equipment that must be maintained in optimal condition.  

Considering such phenomena, such as the transits of trucks in the logistic network, there are 
further nodes, consisting of sets of small family businesses (having in average of fifteen 
employees), whose main task is to repair the faults on trucks. Possible delays in faults repairing 
causes logistic inefficiencies in terms of products’ distribution and deterioration when they are 
offered to the final consumer. This creates negative impacts both on the economy of the ANS 
district and the whole Campania Region. Therefore, the nodes are highly critical because they 
have a direct influence on the logistic distribution. A possible improvement of the internal 
dynamics of the ANS district may depend on the management of activities in these logistic nodes 
[1]. In other words, it is necessary to focus on these nodes and their activities. This purpose 
structure is highly complex, because the decision processes within small businesses are very 
empirical, based on experience and traditions and taken by a leadership that, over the years, may 
be subject to changes [2]. The transition from one leadership to the next may cause negative 
trends, as decisions may not be structured and usually only part of the knowledge of the previous 
leadership is transferred to the next generation. This has a significant impact on either clients (in 
this case, Padroncini) or the company itself. Undoubtedly, such situations affect the logistic 
chain performances in a negative way. 

In accordance with to the previous statements, the aim of this paper is to analyse a specific 
critical node, providing an appropriate solution for Padroncini’s needs and ensuring, therefore, a 
possible improvement of performances in the ANS logistic network. In particular, the object of 
the study is a workshop located inside the ANS district.  

Following an idea already proposed in [3] for the improvement of logistics inside the 
Campania region, we propose a methodology to capture the leadership’s decisions in small 
family businesses. Such an approach foresees the fusion of models often used individually, 
which deal with workers’ competences; competences required for the development of the work 
orders’ activities and a consensus procedure among workers for each work order. Hence, it can 
be seen as a competence-based approach, enhanced by consensus. Unlike the methodology used 
in [3], in this case the aim is to reconstruct the various teams for work orders without the 
presence of the leadership being necessary; with consequent benefits in terms of 
authoritativeness of all the involved workers. Once the reconstructed teams of workers are 
obtained, they are compared with the leadership’s choices, in order to test the quality of the 
proposed approach. 

In particular, in terms of competences, we use a model based on Knowledge, Skills and 
Attitude (for further explainations, see [4], [5], [6], [7], [8], [9]) and an ontology-based model; 
while, in terms of experience, a consensus mechanism allows us to understand how work orders’ 



 

14 
 

typical features and empathy among workers match the leadership’s decisions. In this process, 
the crucial part is represented by the “consensus” itself; that is: a situation of acceptable decision 
harmony among all the workers involved in the final choice of a team to be assigned to a given 
work order. The scientific literature presents different mathematical models (see, for instance, 
[10], [11], [12], [13], [14], [15]) for consensus strategies. This paper focuses on a Fuzzy 
Consensus Model, which deals with fuzzy preference relations [16] and a moderator process that 
can be established if a consensus state occurs. If a consensus is not obtained among all workers, 
feedback mechanisms are established in order to achieve the convergence of the decision 
process. Such a decision is the best possible in the interest of all workers; presenting a sufficient 
agreement among them all. Notice that a possible correct decision ([17], [18], [19], [20]) implies 
positive feedback from the final customer. From a Service Science (SS) [21] perspective, we 
consider the case of a small family business as a service system ([22], [23], [24], [25], [26], [27], 
[28]) in which the advantage of a Fuzzy Consensus Model is as follows: services are chosen in 
order to gain an acceptable degree of consensus between all the possible participants of the 
system. This enable a high value co-creation [29], considering supply chains ([30], [31], [32], 
[33], [34], [35], [36], [37], [38], [39]) within the logistic context [40], [41]. 

Notice that this approach is totally different from the one proposed in [3], where experience 
was captured using a Pattern Mining algorithm, and, to be precise, an Apriori one ([42], [43], 
[44], [45]), in order to identify a typical group of workers proposed by the leadership. Other 
interesting applications are in [46] and [47], while we consider [48] for a survey. 

The approach is tested on a real small family business inside the Campania region. The results 
for first choice work teams (the teams chosen by the leadership) and second choice teams (the 
alternative teams if first choices are not possible) are very positive.  

The paper is organized as follows. Section 2 considers details of shared governance, 
consonance and resonance, useful for decisions dealing with teams’ reconstructions. Section 3 
presents the theoretical background that describes the proposed problem within the SS context. 
In Section 4 a motivating scenario, that is a case study of a real critical node in the Campania 
region, is presented. Section 5 describes the overall approach for the reconstruction of workers’ 
teams, with emphasis on the competence model and the consensus for the final decisions. 
Section 6 contains the final research results. Conclusions ends the paper in Section 7. 

2 Consensus and Value Co-creation through a Shared Service Governance 

According to a Service Science perspective, the competitive advantage refers to the capability of 
co-creating shared value through relationships and interactions with the relevant entities 
populating the context. Generally speaking, we live in an evolving ecology of Entities-
Interactions-Outcomes. From this perspective, we might interpret small family business as nodes 
of a supply chain, which is also defined as a logistic system: this is made coherent with a service 
system definition.  

In literature, Lambert, Stock, and Ellram [41] define a supply chain as the alignment of firms 
that brings products or services to market. Note that these concepts of supply chain also include 
the final consumer. Another definition qualifies a supply chain as the network of organizations 
that are involved, through upstream and downstream linkages, in the different processes and 
activities that produce value in the form of products and services delivered to a final consumer 
[31].  

However, a supply chain represents a set of three or more entities (organizations or 
individuals) directly involved in the upstream and downstream flows of products, services, 
finances, and/or information from a source to a customer. According to this perspective, the 
supply chain is a particular configuration of a service system that we consider “a human-made 
system to improve provider-customer interactions and value co-creation outcome, studied by 
many disciplines, one piece at a time” [26]. 
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In the age of service systems, by considering conceptualizations – both service system and 
supply chain – the viability of service systems depends on the capability of its government to 
create and develop mechanisms of value co-creation and to guarantee systemic equi-finality, 
based on a continuous process of mediation of stakeholder expectations [27].  

In particular, the viability depends, first and foremost, on the achievement of a shared 
governance which means a governance shared among all the components of a service system. 
Consequently, we can assume that a shared governance depends on the ability to perceive the 
context improving interactions with other service systems that achieve the required harmony 
among components in order to get consonance and resonance. 

This implies a government capability (either for internal self-governance or external 
relationship governance), which creates value for the stakeholders or supra-systems. In fact, each 
service system has to attain consonance (a potential for value creation) and resonance (the 
realization of value creation) with its environment to be viable. In other words, the survival of a 
system depends on its decision-making and problem-solving process coherence (consonance and 
resonance) with the complexity and change in the environment. Defining context according to a 
service systems view; the context is the subjective representation of the reality created by the 
government. 

The innovative concepts of consonance and resonance are fundamental to all service systems 
analysis of problem situations and so we think they could fit very well within the Fuzzy 
Consensus Model in order to deal with Fuzzy Preference Relations, as we will show in the 
following sections. 

In fact, consonance means the structural compatibility or adequacy between different entities, 
while resonance is the outcome of the interaction between these consonant entities. According to 
this perspective, the consonance measures the capability of the system to achieving mutual 
benefits (value co-creation) based on its structure (accessible resources) and the limits of sharing 
and coordinating information between different entities (viable systems). The resonance 
measures the results of interactions in context, producing and sharing value for and with 
stakeholders or supra-systems. If consonance (potential) increases with time, then so can 
resonance (performance). 

Consequently and according to the main purpose of the paper, the reason why we propose 
these two innovative concepts of consonance and resonance is that they might help to decide the 
better composition of the participants of the selected team of a certain logistic system in order to 
co-create the higher value process. In this way, the two concepts of value co-creation and equi-
finality, which characterize service systems viability, imply networking cooperation and 
collaboration such as in logistic networks that, as stated in previous section, have nodes of small 
family businesses. 

Hence, in order to better manage logistic networks, we consider them as service systems 
referring to the framework Service Science, Management, Engineering, + Design Arts and Public 
Policy (SSME+DAPP, [26]) - in short Service Science (SS). 

SS offers an innovative alternative to the efficiency oriented current practice – business 
development on a cost bearing basis – privileging instead, the capacity for defining growth 
and/or development through selecting resources wisely and evaluation of productivity processes 
and value co-creation. By this means, services will be chosen in order to have an acceptable 
consensus degree among all the possible participants of the system, co-creating a higher value 
within small family businesses interpreted as Service Systems. 

Furthermore, the proposed framework acknowledges the value of human resources that 
guarantee competiveness and revitalize viable service systems even during recession. 

Value co-creation from human resources, besides costs and exclusivity factors, depends on 
specific skills optimizing the business process. In concomitance with recession, recruitment 
processes have to test the basic capacity and competence of new staff. The utility of human 
resources should be taken into account: their influence exerted on the organization, their 
contribution in service terms and their degree of skill/competence. 
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3 Theoretical Background 

The Service Science, Management, Engineering, + Design Arts and Public Policy 
(SSME+DAPP) framework begins with an analysis of the service systems in a real-world 
problem situation. In broad outline [21], the SSME+DAPP analysis approach is to: 

 Identify all the stakeholders service system entities in a network under study (a network 
analysis is always done in the context of the entire service system ecology); 

 Examine existing relationships, value co-creation mechanisms, and understand the 
problems and opportunities the stakeholders have identified; 

 Try to improve existing value co-creation mechanisms (this may involve freeing up 
resources from existing service system entities and redistributing them); 

 If problems and opportunities remain, create new service system entities to address them. 

It is important to remember that SS is built on top of the Service Dominant Logic (SDL), 
which provides a new way to look at the world in terms of entities (resource integrators) that 
normatively interact to co-create value [29].  

SDL has ten foundational propositions and begins with the premise that service is the 
fundamental basis of all exchange.  

Consequently, SS defines service as value co-creation phenomena that occur when service 
system entities interact according to value propositions that guide the application of competence 
for mutual benefit. 

This view is perfectly consistent with the e3-value approach, provided by Gordijn and 
Akkermans [33], [34], which allows the representation and understanding of value flows 
between the several actors of an e-business model. The main elements are value-oriented and 
actor-oriented.  

In particular, the central concept of Gordijn’s Business Model is value. He explains the 
creation and the addition of value in a network of multiple partners as a constellation as well as 
the exchange of value among the stakeholders. 

He says that in an e-Business Model concerning business on the internet, a consortium of 
companies delivers a service to final consumers and it is essential that the participating 
companies have a common understanding of the offer they are supplying. 

From this perspective, the business model is a mode of representation of the roles of the 
different actors, and of the way in which the value is exchanged and of flows that are involved 
between the parties.  

In such logic and according to our framework, a shared governance for consonance and higher 
value co-creation in human resources has to address the interpretation, mediation and synthesis 
of specific and partial expectations in order to guarantee efficiency, adequacy and equifinality. 

In order to help develop that “needed empathy” among workers and match it with the 
leadership’s decisions, structural diversity has to be properly aligned: this is also so from a 
cybernetic perspective. Consequently, Ashby's requisite variety and the reducing of “subjective 
drifts” (subjective goals) tend to avoid the risk of undermining mutual satisfaction through 
“retrieving order from noise” [20]. Consequently, stakeholder decisions have to consider the 
mediation effect of other stakeholders’ views, in order to achieve mutually beneficial outcomes. 

From an SS perspective, the researcher, looking at complex phenomena, must realize that 
he/she can never achieve complete and fully objective knowledge; rather it is only approximate 
[23], [24], [20]. 

As mentioned before, in complex environments of other entities, the search for viability means 
the capability of the government component of a service system entity to make decisions on the 
basis of approximate knowledge. In fact, the government component of an entity has two main 
types of knowledge that we refer to as Decision-Making (D-M) and Problem-Solving (P-S) 
knowledge. D-M provides guidance about which ends (“know what”) to achieve, and P-S 
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provides means (“know how”) to those ends. Both types of knowledge are the fundamental 
capabilities (cognitive assets) required to attain and maintain viability [19]. 

Because service system entities change and learn, the resource allocation problem is the 
fundamental decision that must repeatedly be made in order to remain viable [25]. Dealing with 
new levels of complexity requires new types of decision making in which we cannot necessarily 
use fixed models or stochastic methods to find a solution, but we need to achieve a shared 
governance, based on a bottom-up logic characterized by common knowledge, trust and 
suitability to a particular problem’s complexity level.  

Summing-up, we think that SS could be a methodological approach that could really help to 
develop that “needed empathy” among workers to be matched to the leadership decisions. 
Moreover, this methodological approach should be interpreted as a framework to advance the 
understanding of complex social systems such as logistic networks that: integrate disciplines, 
systems and cultures; improve multilevel and shared governance; move beyond dyads to nested, 
networked systems. Indeed, this implies a cultural shift in terms of staff recruitment that small 
family businesses must evaluate in terms of structural cost and from a systems perspective. 
Hence, the continuous search for compatibility and the synergic effects that each resource 
guarantees in value co-creation processes for the business, should be measured over time. 
Management also has to analyze the interdependency of skills necessary to ascertain “the extent” 
to which a resource participates in the value co-creation process of the service system as a whole. 

Concluding, SS aids in delineating the convergence in the decisional process, aligning 
consensus on the correct team to choose. As mentioned, this will require the evaluation of skills, 
which implies calculating the value a resource brings. 

4 Motivating Scenario: a Real Critical Node for Logistics in Campania Region 

In what follows, we consider the analysis of a real critical node of the logistic network inside the 
Campania region. The activities of such an enterprise are managed by a family and deal with 
single work orders that are satisfied according to clients’ exigencies.  

In particular, the leadership considers each work order and, according to the type of client and 
priority status, assignes a work team, which consists of a subset of workers who are the most 
suitable either for their skills/abilities or for the characteristics of the work orders and priorities 
of the Padroncini.  

The enterprise has different classes of workers, who are listed as follows and whose names are 
not reported for privacy. There are four coach builders (C1, C2, C3 and C4), four varnishers (V1, 
V2, V3 and V4), four welders (W1, W2, W3 and W4), two electricians (E1 and E2), three 
mechanics (M1, M2 and M3) and two upholsterers (U1 and U2).  

The leadership assigned a work team to each of the various work orders, as follows: (1) 
Engine restoration. (2) Mobile case restoration. (3) Refrigerator restoration. (4) Cargo bed 
modifications. (5) Truck preparation. (6) Pitch stretching. (7) Case painting. (8) Cabin painting. 
(9) Leaf spring replacement. (10) Cabin replacement. (11) Truck recovery. (12) Truck 
restoration. (13) Tractor transformation rebuilding. (14) Soft top construction. (15) Cistern Tank 
painting. (16) BRT case restoration.  

The work orders listed above represent an exhaustive set of all possible requests that the 
enterprise receive from clients, i.e. Padroncini, each year. In particular, work order 16 indicates 
the client BRT: very famous in the Campania region for his transportation company. 

As for the team assigned to the work orders, following the analysis of [3] and [1], we 
distinguish between of “first” and “second choice” teams. The former are the ones chosen when 
all workers are available. The latter are considered by the leadership when some of the most 
suitable workers for a given work order are already busy or not available.  

The work orders and the work teams of first and second choice are analysed in Table 1. 
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Notice that the work teams of second choice are not always used by the leadership. Indeed, for 
some particular work orders (1, 9, 12, 14, 15 and 16, indicated in gray in Table 1), the enterprise 
prefers not to assign alternative teams because of the delicacy of the required actions. In these 
cases, the work teams are the first choices of the leadership.  

Hence, if it is not possible to assign the team of “first choice”, the work order is queued and 
the corresponding operations are made at a later time. Moreover, queues of work orders might 
also occur if it is not possible to create “second choice” work teams.  

In this last case, the work orders are completed with a priority, strictly dependent on the 
clients’ characteristics.  

 
Table 1. Work orders and the work teams of first (F) and second (S) choice 

 

Work  

orders 

Work teams  

F 

Work teams 

S 

Work  

orders 

Work teams  

F 

Work teams  

S 

1  C1, M3, V1  9  W4  

2  V3, W2 V2, W1 10  C2, E1, M3, V2 C2, E1, M3, V3 

3  V4 V2 11  C1, E2, M2, V1 C2, E2, M2, V1 

4 V4, W4 V1, W4 12  E1, M1, V2, W1  

5  V1, V2, W2, W3 V2, V3, W1, W3 13  
C1, E2, U2,  

V1, V3 

C2, E2, U2,  

V1, V2 

6  E1, M1, V3, W2 E1, M1, V3, W3 14  E1, V4, W2, W3  

7  V4, W4 V1, W4 15  C3, C4, V1, V3  

8  C1, V1 C2, V1 16  V3, V4, W3, W4  

 
In order to improve all operations inside the logistic network, a clear analysis of work orders 

and teams is necessary, with the aim of reproducing the possible choices of the leadership. This 
problem is very difficult, as it deals with the tradition and history of the enterprise. For this 
reason, various approaches, whose combination might imply a partial reproduction of the 
leadership’s choices, should be considered. Decomposing the original problem into possible 
factors that are suitable for finding a correct solution, it is possible to recognize that the choices’ 
characteristics obey the following criteria: competences of workers involved in work teams; 
leadership’s experience; focus on clients’ and work orders’ characteristics; empathy among 
workers; and their ability in the different activities of various work orders. Such last aspects are 
difficult to model in a proper way. In this case, unlike the approach proposed in [3], the 
leadership’s choices for team reconstructions are due to either competence models or a degree of 
concensus among workers involved in work orders. This last aspect is fundamental, as the teams’ 
formation is effected by the workers themselves and does not consider the leadership. Indeed, 
there are many models dealing with such problems, but these are often used individually. The 
real thrust of this work foresees the fusion of existing approaches with the aim of obtaining an 
acceptable reconstruction of teams resulting from a consensus among workers.  

In detail, as for the competence representation, we consider Knowledge, Skills and Attitudes, 
see [8] for details. In particular, Knowledge is the set of support information for a given task; 
Skill is the capacity of developing the task; Attitude indicates a particular behavior in facing 
some situations. We indicate as KSA Model (see [5], [6], [7], [9]) the competence representation 
in terms of Knowledge (K), Skills (S) and Attitudes (A). Such a model is implemented via 
Lightweight Ontologies (written in SKOS and similar to taxonomies, see [4]), whose aim is to 
represent a particular domain in a hierarchical way. Finally, the KSA model foresees a score that 
indicates the competence level for each element of type K, S and A. 

Notice that an ontology-based model is also used to focus on work orders’ characteristics in 
order to satisfy the various requirements that deal with the professional roles of the workers.  
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As for the consensus, fuzzy preference relations are used [16]. Precisely, subsets of workers, 
chosen through the KSA model, indicate suitable alternatives for the best team for a given work 
order.  

The final decision, that reflects the exigencies of clients, the features of the work order under 
discussion and how workers interpret leadership’s decisions, is achieved by acceptable 
agreement by the whole business.  

In what follows, first we describe some aspects of the chosen methods for competences and 
consensus; then, we analyse the approach for the reconstruction of teams for work orders. 

5 Overall Approach 

The whole approach foresees the fusion of models (often used individually) in order to capture 
suitable work teams of first and second choice.  

Consider a Work Order WO, that requires p professional figures. 

Definition (expert worker). A worker is said to be “expert” for the work order WO if he/she 
belongs to one of the p professional figures required for the WO.  

For the work order WO, described through a KSA model for competences of workers and an 
ontology-based model for the required professional figures, the steps for the reconstruction of the 
team to be assigned are the following: 

 Competences of workers are represented using a KSA model. 
 Professional figures and competences required for the work order are represented. 
 Through the matching among workers’ competences and the required professional figures 

of the work order, get a set of r possible teams, ܲ ଵܶ, ܲ ଶܶ, …, ܲ ܶ, whose only ܲ ଵܶ and ܲ ଶܶ 
are considered because of computational reasons.  

 Each one of the n workers of ܲ ଵܶ and ܲ ଶܶ proposes a possible team for WO. Hence, a set 
of n teams, ݐଵ, ݐଶ, …., ݐ, is obtained.  

 It starts a decision process where the decision makers are all the possible expert workers of 
WO, and discuss the n teams ݐଵ, ݐଶ, …., ݐ. 

 Using the Fuzzy Consensus Model, get the team ݐ∗ most “suitable” for the work order WO. 
 If possible, compare ݐ∗ with the team that the leadership would have chosen for the work 

order WO. 

For a better comprehension, consider, for instance, the work order 1. Following the previous 
steps, we see the reference team consists of C1, M3 and V3. A consensus procedure is necessary. 
Workers C1, M3 and V3 choose the teams that, according to their opinions, are the best ones for 
the work order 1. Hence, they give three possible alternatives, that we shortly indicate by ݐଵ, ݐଶ, 
and ݐଷ. The experts, who have to provide judgments on such alternatives, are all the available 
workers belonging to the categories “coach builder”, “mechanic” and “varnisher”, as work order 
1 requires these three professional figures. As a consequence, the maximal number of expert 
workers is 11 (four coach builders, three mechanics, four varnishers).  

The consensus approach foresees that all expert workers (decision makers) must provide an 
opinion for all alternatives. Such opinions are collected and processed in order to calculate a 
consensus measure that is compared with a threshold. If the consensus threshold is reached, then 
the work team, based on that final decision, is selected. If the consensus is not achieved, then 
some feedback is generated and sent to some decision makers. These decision makers, who 
received the feedback, are invited to modify their opinions according to those of their neighbors, 
who are decision makers with similar opinions. 

Figure 1 reports a fragment of a BPMN like diagram (for a similar sketch, see [11]), which 
shows how to handle a conflict resolution by means of the approach proposed in this work. 
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Figure 1. BPMN diagram for the proposed approach 

5.1 Competence Modeling 

Although the approach described above is general, it is applied to the small family business 
analysed, for which KSA models for workers and work orders are constructed. First, a different 
KSA model is defined for each type of worker (coach builder, electrician, mechanic, upholsterer, 
varnisher and welder). Then, considering the characteristics of the various work orders, KSA 
models for work orders are obtained. Indeed, KSA models for workers and work orders have a 
precise difference: the former focus on all characteristics of workers while the latter consider 
what is useful for an assigned work order. For a better comprehension, consider Table 2, that 
contains the twenty one concepts (divided into Knowledge, Skills and Attitudes) of the KSA 
model for the worker “mechanic”.  

 
Table 2. Complete KSA model for the worker “mechanic” 

 

Knowledge Skills Attitudes 

Mechanics 
Monitoring of mechanical devices and 

production machines 
Fast interventions in cases 

of failures

Analysing causes of 

faults

Accuracy 

 
Planning and performing 

replacements of mechanical 

components

Identification of 

mechanical problems 
Finding best 

solutions for causes 

of faults

Manual skills 

 Foreseeing preventive maintenances 

on mechanical components 
Mounting/removing motors 

and mechanical parts

Using tools for 

machining 
Flexibility and 

adaptability

 
Applying procedures for setting 

mechanical tools 
Replacing, changing 

and/or recovering parts of 

a machine

Applying techniques 

of fault diagnosis to 

mechanical parts  

Analytical 

thinking 

 
Applying diagnostic techniques for 

fault detection on mechanical 

components

Checking the recovering of 

faults and malfunctions 

Applying rescue 

techniques for 

mechanical parts 

Decision 

making 
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Each mechanic is classified using a score that is obtained by summing the separate scores 

(from 6 to 10) associated with each concept. In Table 3 we have the total scores for the 
mechanics M1, M2 and M3: this shows that the best mechanic is M3, for who the highest score 
occurs.  

Table 3. Total scores for the mechanics M1, M2 and M3 
 

Mechanic Total score 

M3 192 

M1 189 

M2 181 

 
The situation is similar for the other professional figures, namely, coach builders, electricians, 

upholsterers, varnishers and welders.  
Notice that the KSA models for work orders are constructed using subsets of concepts of KSA 

models for workers. For instance, consider Table 4 that reports the thirty two concepts of the 
KSA model for the “varnisher” with the usual division into Knowledge, Skills and Attitudes. In 
particular, the eight bold concepts allow the constructing of the KSA model for work order 3 that 
requires a unique varnisher. 

 
Table 4. Complete KSA model for the worker “varnisher” 

 

Knowledge Skills Attitudes 

Abrasive 

materials 
Reading instructions  

in manuals 
Application of safety 

procedures in production

Quality check for the 

work done

Accuracy 

Thinners and 

solvents 
Preparation of  

surfaces to paint 
Application of routine 

maintenance for plants and 

equipment

Application of painting 

techniques on metals 
Manual skills 

Regulations Protection of the area 

 surrounding the 

objects to be painted 

Operating painting by 

sprinklers inside booths for 

painting 

Application of 

procedures for 

maintenance and plant 

machinery

Flexibility and 

adaptability 

Reaction of 

materials  

in painting 

treatments 

Preparation of the 

spray equipment 
Application of further 

paintworks 
Application of 

procedures for 

noncompliance of 

unfinished parts 

Work in team 

and cooperation 

Features of 

paints 
Adjustment of the 

equipment according to 

the features of 

materials 

Application of any other 

materials 

Application of 

techniques to clean 

metal surfaces 

 

Mechanical 

drawing 
Application of criteria 

for paint preparation 
Transport of painted parts in 

ovens and interest in drying 

stages 

Use of instruments for 

painting 
 

Specifications 

of metal 

materials 

Use of personal 

protection devices 
Visual check or 

measurement of the 

thickness of the paint 

application

Application of quality 

control procedures 
 

 
The scores attributed to each varnisher indicate the following ranking: V3 (score 295), V1 

(score 268), V2 (score 264) and V4 (score 242). The best varnisher is V3 but, considering that 
the KSA model for work order 3 contains only the concepts in bold in Table 4, we find that the 
first choice varnisher for work order 3 is V4 or V2 as the second one. In this case, the choices of 
V4 and V2 are those of the leadership. 
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Notice that the concepts for each KSA model (either for workers or for work orders) 
correspond to different skos:ConceptScheme and skos:Concept, as shown in Figure 2, that 
represents an extract of the KSA Model for Welders (abbreviates as KMW). 

 

 

Figure 2. A portion of KMW 
 
From Figure 2, we understand that the category Knowledge has the subcategories 

“Mechanics” and “Electrotechnics”; “Mechanics” consists of “Mechanical drawing”, 
“Metallurgy” and “Resistance of materials”. Skills has the subcategories “Treatment of 
materials”, “Use of devices” and “Consultation of normas”. Finally, Attitude has “Rigour in 
safety regulation”, “Manual skills” and “Accuracy”.  

The ellipses indicate the subsets of welder qualities useful to construct a Work Order KSA 
model (shortly indicated by WOKMW), and precisely the work order 9. Notice that, using the 
only KMW, the welder to be chosen is W2 (the best worker for the work order), while WOKMW 
proposes W4. This last choice is coherent with that of the leadership (see Table 1), as it indicates 
the best worker for the assigned work order.  

5.2 Consensus Model Fostering Collaborative Team Allocations 

Consider the context in which a work team has to be assigned to a work order. In most real cases, 
there is not a total or partial correspondence to the choices indicated by the competence models. 
This is a clear consequence of the leadership’s decisions, which are affected by great experience 
in their clients’ characteristics and their workers.  

With the aim of creating teams for work orders without the leadership’s contribution, we 
proceed as follows. Consider a generic work order for which a team has to be decided. 

From competence models, a set of r possible teams, ܲ ଵܶ , ܲ ଶܶ , …, ܲ ܶ , is obtained. The 
workers of ܲ ଵܶ  and ܲ ଶܶ	provide their teams. Hence, we have a set of alternatives, i.e. the 
possible teams for a given work order, ܶ ൌ ሼݐଵ, ,ଶݐ … ,  ሽ. The decision makers are all the expertݐ
workers, ܧ ൌ ሼ݁ଵ, ݁ଶ, … , ݁ሽ, ݉  2, i.e. all the workers that, as previously explained at the 
beginning of Section 5, belong to each professional figure of the work order. 
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The proposed methodology foresees that the expert workers give all the possible shades of 
judgment for the possible teams associated with a work order. For instance, consider a discussion 
about a certain work order for which the possible teams are ݐଵ ଶݐ , ସݐ	and	ଷݐ , . In this case, a 
generic worker, who is involved in the decision process, has to express an opinion on how much 
 ସ are appropriate for the work order and has not to indicate only the most suitableݐ	and	ଷݐ ,ଶݐ ,ଵݐ
team, a phenomenon that usually happens. For example, if the expert worker gives his/her 
opinions in a numerical way, in the range ሾ0,1ሿ, possible scores for ݐଵ, ݐଶ, ݐଷ	and	ݐସ could be the 
following, respectively: 0.01, 0.9, 0.05 and 0.04. In this case, as ݐଶ  has the highest value, it 
follows that the expert worker’s evaluation indicates that the team to choose is ݐଶ but, at the same 
time, it is known how much, as for the expert’s opinion, teams ݐଵ, ݐଷ and ݐସ could be idoneous. 
The possibility of defining all the different degrees of the judgement allows a more direct 
exchange of ideas among all the expert workers, some of whom could probably have a higher 
influence in the final decision, with consequent advantages in finding agreements, i.e. consensus 
levels, which can satisfy the exigencies of the whole community. 

Interesting consensus scenarios have been analysed using mathematical approaches, see [12] 
and [15], where the expert workers have different backgrounds and attitudes, as well as various 
levels of knowledge. In our case, we assume that: 

 For each expert worker ݁ ∈ ݅ ,ܧ ൌ 1, … ,݉, we have an importance, defined as a fuzzy 
subset ܫ with a membership function ߤூ : ܧ → ሾ0,1ሿ, that indicates the importance degree 
of the opinion of ݁. 

 Expert workers give their preferences using fuzzy preference relations in matricial form, 
see [16] and [14] for details. 

Consider now a consensus reaching problem for a work order, i.e. an iterative process where 
the expert workers can modify their opininion according to a moderator, whose activities obey a 
feedback mechanism, shown in [10]. 

After that expert workers have given their preferences on the possible teams for the work order 
under discussion, the level of agreement is computed. Consensus degrees, useful to estimate the 
consensus level, are obtained as follows:  

 Fix two different expert workers, ݁ ∈ ܧ  and ݁௦ ∈ ܧ  with ݎ ൌ 1,… ,݉ െ 1 ݏ , ൌ ݉ 
1,… , ݎ , and compute the Similarity Matrix (SM), ܵ௦ ൌ ൫ݏ

௦൯ , where ݏ
௦ ൌ 1 െ ห

 െ

௦ ห. 

 Define a Consensus Matrix (CM), ܥ ൌ ൫ܿ൯, with ܿ ൌ ഥ݉൫ݏ
ௗ൯, ݎ ൌ 1,… ,݉ െ 1 ݏ , ൌ

݉  1,… ,   .where ഥ݉ሺ∙ሻ is a generic aggregation operator ,ݎ
 Using CM, find the following consensus degrees: consensus degree on pairs of 

alternatives, ܿ ൌ ܿ ; consensus degree on alternatives: ܿܽ ൌ
∑ ൫ೕାೕ൯

ೕసభ,ೕಯ

ଶሺିଵሻ
; 

consensus degree on the relation: ܿݎ ൌ ଵ


∑ ܿܽ

ୀଵ . 

 Compare ܿݎ with a fixed minimum required consensus level, ݈ܿ ∈ ሾ0,1ሿ, for the problem 
under discussion. If ܿݎ  ݈ܿ, the consensus model finishes and a selection process (see 
[16]) is considered to obtain the solution. Otherwise, the feedback mechanism is activated 
and a new consensus iteration occurs.  

The feedback mechanism, useful for guiding eventual changes of expert workers’ decisions, is 
based on the assumption that expert workers of lower importance have to be addressed more than 
others. The following steps define the degree of agreement between each expert worker and the 
group: 

 Compute a collective fuzzy preference matrix, ܲ ൌ ൫
 ൯, where	

 ≔
∑ ఓೝሺೝሻ

ೝసభ ೕ

ೝ

∑ ఓೝሺೝሻ

ೝసభ

. 

 Find the following measures: similarity measures on pairs of alternatives: 
 ൌ 1 െ
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ห
 െ 

 ห; similarity measure on alternatives: ܽ
 ൌ

∑ ቀೕ
ೝ ାೕ

ೝ ቁ
ೕసభ,ೕಯ

ଶሺିଵሻ
; similarity measure 

on the relation: ݎ ൌ ଵ


∑ ܽ


ୀଵ .  

Such measures are used by the feedback mechanism to generate advices for the expert workers 
via two different phases, i.e. search for preferences and generation of advice.  

Consider the search for preferences. The set of expert workers is decomposed as ܧ ൌ ௪ܧ ∪
݀݁݉ܧ ∪ 	݄݄݃݅ܧ , where ܧ௪ ௗܧ ,  and ܧ	  are, respectively, the subsets of low-importance, 
medium-importance and high-importance expert workers. In particular, considering two 
threshold values, ߮ଵ	and ߮ଶ, for an expert worker ݁, ݅ ൌ 1,… ,݉, we have that: ݁ ∈ ݅ ,௪ܧ ൌ
1,… ,݉, if ߤூሺ݁ሻ ൏ ߮ଵ; ݁ ∈ ݅ ,ௗܧ ൌ 1,… ,݉, if ߮ଵ ൏ ூሺ݁ሻߤ ൏ ߮ଶ; ݁ ∈ ݅ ,ܧ ൌ 1,… ,݉, 
if ߤூሺ݁ሻ  ߮ଶ . As for the identification of Low/Medium/High-Importance Expert Workers’ 
Controversial Preferences, the sets of preferences to modify, ܲܪܥ௪

 ௗܪܥܲ ,
௦  and ܲܪܥ

௧  for 
expert workers ݁ ∈ ௪ܧ , ݁௦ ∈ ௗܧ  and ݁௧ ∈ ܧ , respectively, are not described in detail 
here, but details are in [13] and [14]. 

For the generation of advice, for each preference value considered controversial, the model 
shows it is necessary to increase (resp. decrease) the current assessment if 

 ൏ 
  (resp. if 


  

 ). A last remark is needed: the suggested changes are only recommendations to indicate 
the expert workers a possible solution to narrow their positions in the choice of the most suitable 
team. 

An example of the possible application of the consensus within the scenario we are 
considering, is described as follows. Assume that we have to construct a team for the work order 
4, that foresees a varnisher and a welder. From KSA models, it follows that the best team 
consists of V3 and W2, hence they decide two possible alternatives: V3 decides that the best 
team is the couple (V4, W2); W2 chooses the couple (V4, W4). The expert workers, who have to 
decide between such two alternatives, are all the varnishers and all the welders. Considering that 
W1 and W3 are not available, we have six possible expert workers: V1, V2, V3, V4, W2 and 
W4.  

The set of expert workers is indicated by ܧ ൌ ሼ݁ଵ, ݁ଶ, ݁ଷ, ݁ସ, ݁ହ, ݁ሽ  ሺ݉ ൌ 6ሻ . For the 
evaluation criteria, we have the set of alternatives ܶ ൌ ሼݐଵ, ଶሽݐ  ሺ݊ ൌ 2ሻ , with the following 
meaning: ݐଵ	(team consisting of V4 and W2); ݐଶ (team consisting of V4 and W4). Following  soft 
logic, all workers provide their opinions indicating a possible evaluation for each alternative. 
This guarantees a rich negotiation among all, with obvious advantage for the agreement of the 
whole. In what follows, we consider a situation in which all workers have the same importance, i. 
e. homogeneous expert workers with equal importance degrees (0.25). Assume a consensus level 
݈ܿ ൌ 0.9 and consider Table 5, where the expert workers provide some preference relations, 
giving a value ሾ0,1ሿ for each possible alternative. 

 
Table 5. Preferences of the six expert workers 

 

 ࢋ ࢋ ࢋ ࢋ ࢋ ࢋ

 ଵ 0.1 0.3 0.2 0.1 0.3 0.2ݐ

 ଶ 0.9 0.7 0.8 0.9 0.7 0.8ݐ

 
From Table 5, we get the fuzzy preference relations ܲ, that indicate the preference of ݐ, ݅ ൌ

1,2, on ݐ, ݆ ് ݅, for each expert worker ݇, ݇ ൌ 1,… ,6. 
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ܲଵ ൌ ܲସ ൌ ቀ0.5 0.1
0.9 0.5

ቁ, (1)

ܲଶ ൌ ܲହ ൌ ቀ0.5 0.3
0.7 0.5

ቁ, (2)

ܲଷ ൌ ܲ ൌ ቀ0.5 0.2
0.8 0.5

ቁ. (3)

 
Hence, we compute the Similarity Matrices (SMs). Some of them are: 

 

ܵଵଶ ൌ ቀ 1 0.8
0.8 1

ቁ, ܵଵହ ൌ ቀ 1 0.8
0.96 1

ቁ, 

 

(4)  

ܵଶହ ൌ ቀ1 1
1 1

ቁ, ܵହ ൌ ቀ 1 0.9
0.9 1

ቁ. (5)  

 
From all possible SMs, we get the consensus matrix: 

 

ܥ ൌ ቀ 1 0.894
0.909 1

ቁ, 

 

(6)  

from which we have ܿܽଵ ൌ ܿܽଶ ൌ 0.9014. Hence, the consensus degree of the relation is ܿݎ ൌ
0.9014  ݈ܿ . The consensus process ends and the selection process [13] indicates that the 
favourite choice is 2t , namely, the team with V4 and W4.  

Notice that, for this particular case, the feedback mechanism is not considered. Indeed, this 
usually occurs for cases in which many alternatives and expert workers are considered. 
Examples are in [13] and [16]. 

6 Results 

This section presents the results obtained for the enterprise described in Section 1. In particular, 
the approaches, dealing, respectively, with the Apriori algorithm [3] and the consensus (see 
Section 5.2), are compared. Table 6 reports the comparison between the Leadership’s first choice 
Work Teams (LWT) for the various Work Orders (WOs) and the ones obtained using the Apriori 
algorithm and the consensus. The same happens in Table 7 for the second choice WOs, where 
gray lines indicate cases in which the leadership does not foresee second choices.  

Notice that the reconstruction percentage is also indicated for each team in the various tables. 
Consider the results obtained using the fusion of KSA models and the Apriori algorithm. As 

for the first choices, the approach is able to capture a total correspondence for work orders 1, 2, 
3, 4, 6, 7, 8, 9 and 16, i.e. a 100% reconstruction occurs for 9/16 situations. As for second 
choices, considering that work orders 1, 9, 12, 14, 15 and 16 do not have to be analyzed, we have 
a 100% correspondence in cases 2, 3, 4, 5, 6, 7, 8, 11 and 13. 

Such results are summarized in Table 8 in terms of correspondence percentages. 
Notice that, using the fusion of the various approaches described in [3], we have: 

 For the first choice work teams, 13/16 work orders (about 80%) present a more than 50% 
correspondence with the leadership’s decisions. 

 For the second choice work teams, 9/10 work orders (90%) have a more than 50% 
correspondence with the leadership’s decisions; see Figure 3.  
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Table 6. First choice teams and their reconstruction 
 

WOs First choice LWT 
Reconstructed first choice 

teams using Apriori 

Reconstructed first 
choice teams using 

consensus 

1 C1, M3, V1 C1, M3, V1 (100%) C1, M3, V1 (100%) 

2 V3, W2 V3, W2 (100%) V3, W2 (100%) 

3 V4 V4 (100%) V4 (100%) 

4 V4, W4 V4, W4 (100%) V4, W4 (100%) 

5 V1, V2, W2, W3 V1, V3, W2, W3 (75%) V3, V4, W2, W3 (50%) 

6 E1, M1, V3, W2 E1, M1, V3, W2 (100%) E1, M1, V1, W1 (50%) 

7 V4, W4 V4, W4 (100%) V4, W4 (100%) 

8 C1, V1 C1, V1 (100%) C1, V1 (100%) 

9 W4 W4 (100%) W4 (100%) 

10 C2, E1, M3, V2 C1, E1, M3, V3 (50%) C1, E1, M3, V2 (75%) 

11 C1, E2, M2, V1 C1, E2, M3, V1 (75%) C1, E1, M3, V1 (50%) 

12 E1, M1, V2, W1 E1, M1, V3, W2 (50%) E1, M1, V2, W2 (75%) 

13 C1, E2, U2, V1, V3 C1, E2, U1, V1, V3 (80%) C1, E2, U2, V2, V3 (80%) 

14 E1, V4, W2, W3 E2, V3, W2, W3 (50%) E2, V4, W2, W3 (75%) 

15 C3, C4, V1, V3 C1, C4, V1, V3 (75%) C1, C2, V1, V3 (50%) 

16 V3, V4, W3, W4 V3, V4, W3, W4 (100%) V3, V4, W3, W4 (100%) 

 
Table 7. Second choice teams and their reconstruction 

 

WOs 
Second choice 

LWT  
 

Reconstructed second 
choice teams using 

Apriori 

Reconstructed second 
choice teams using 

consensus 

1    

2 V2, W1 V2, W1 (100%) V2, W1 (100%) 

3 V2 V2 (100%) V2 (100%) 

4 V1, W4 V1, W4 (100%) V1, W4 (100%) 

5 V2, V3, W1, W3 V2, V3, W1, W3 (100%) V2, V4, W1, W3 (75%) 

6 E1, M1, V3, W3 E1, M1, V3, W3 (100%) E1, M1, V3, W3 (100%) 

7 V1, W4 V1, W4 (100%) V1, W4 (100%) 

8 C2, V1  C2, V1 (100%) C2, V1 (100%) 

9    

10 C2, E1, M1, V3 C1, E1, M1, V3 (50%) C1, E1, M1, V4 (50%) 

11 C2, E2, M2, V1 C2, E2, M1, V1 (75%) C2, E2, M1, V3 (50%) 

12    

13 C2, E2, U2, V1, V2 C2, E2, U2, V1, V2 (100%) C2, E2, U2, V3, V4 (60%) 

14    

15    

16    
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Table 8. Correspondence percentages for work teams using the Apriori algorithm 
 

Case 100% More than 50% Less or equal than 50% 

1st choice work teams  9/16 13/16 3/16 

2nd choice work teams 8/10 9/10 1/10 

 
 

 

Figure 3. Number of second choice work teams with more than 50% correspondence using the fusion of 
KSA models and the Apriori algorithm 

 
This indicates that the approach, which foresees that the Apriori algoritm will capture the 

leadership’s experience, is quite useful for the reconstruction of the enterprise’s activity with a 
high degree of accuracy.  

Focussing on the results obtained by the fusion of KSA models and the consensus. For the first 
choices, such an approach produces a total correspondence for work orders 1, 2, 3, 4, 7, 8, 9 and 
16, that is to say in 8/16 situations there is a total reconstruction. As for second choices, 
remembering that work orders 1, 9, 12, 14, 15 and 16 foresee only teams of first choice, we get a 
100% correspondence for work orders 2, 3, 4, 7 and 8. Table 9 summarizes the results in terms 
of correspondence percentages. 

 
Table 9. Correspondence percentages for work teams using the consensus 

 

Case 100% More than 50% Less or equal than 50% 

1st choice work teams  8/16 12/16 4/16 

2nd choice work teams 6/10 8/10 2/10 

 
Finally, using the consensus, we get that: 

 For the first choice work teams, 12/16 work orders (75%) have a more than 50% 
correspondence with the leadership’s decisions. 

 For the second choice work teams, 8/10 work orders (80%) present a more than 50% 
correspondence with the leadership’s decisions, see Figure 4.  

Notice that the consensus approach permits the obtaining of similar results to the ones 
achieved by the Apriori algorithm. Indeed, although the correspondence percentages are quite 
similar in both cases, the dynamics of workers’ association could be different. This is evident, 
for instance, in the cases of work orders 5, 6, 10, 11, 12, 13, 14 and 15.  
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Figure 4. Number of second choice work teams with more than 50% correspondence using the fusion of 

KSA models and consensus 

7 Conclusions 

In this paper, an analysis of logistics was considered in terms of work teams’ reconstruction for 
work orders inside a small family business.  

The approach supports the theoretical framework of the proposed model. In fact, SS aids in 
delineating the convergence in the decision process, aligning consensus on the correct work team 
to choose. Active participation in problem solving decisions tends to heighten the commitment, 
involvement and the motivation of workers. In line with the direction of these results, it is 
possible to develop value co-creation processes based on a shared governance that 
synergistically joins empathy among workers with leadership decisions. 

Considering a real case of a small family business inside the ANS district (Italy, Campania 
region) and using a competence-based approach, enhanced by consensus, it was possible to 
reproduce the dynamics of leadership’s choices with a 75% and 80% degree of accuracy, 
respectively, for first and second choice work teams.  

The results obtained are quite similar to those that foresee that an Apriori algorithm will 
capture the leadership’s experience. The real fundamental difference between the approach 
proposed here and the one described in [3] is the following: in this context, expert workers are 
involved in decision processes, with consequent advantages in terms of positive impacts on the 
workers’ motivations and bypassing problems that could occur in cases of an absent/unavailable 
leadership. 
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