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Abstract. It is well known that human resources play a valuable role in a sus-
tainable organizational development. Indeed, this work will focus on the devel-
opment of a decision support system to assess workers’ satisfaction based on 
factors related to human resources management practices. The framework is 
built on top of a Logic Programming approach to Knowledge Representation 
and Reasoning, complemented with a Case Based approach to computing. The 
proposed solution is unique in itself, once it caters for the explicit treatment of 
incomplete, unknown, or even self-contradictory information, either in terms of 
a qualitative or quantitative setting. Furthermore, clustering methods based on 
similarity analysis among cases were used to distinguish and aggregate collections 
of historical data or knowledge in order to reduce the search space, therefore en-
hancing the cases retrieval and the overall computational process. 

Keywords: Human Resources Management · Logic Programming · Case-
Based Reasoning · Knowledge Representation and Reasoning · Decision Sup-
port Systems 



1 Introduction 

In a global and competitive world either organization is under a constant state of 
worry and urgency, and to survive may need to adapt to new economic, organizational 
and technological sceneries. Undeniably, the organizations should create innovative 
strategies to promote their own competitive advantages. A company’s staffs are a key 
asset and play an important role in order to undertake its objectives [1, 2]. Definitely, 
a company’s productively is toughly related to its people and their strategies or, in 
other words, workers’ satisfaction stands for a significant instrument in human re-
sources management, leading to [1, 2]: 

 Enhanced quality of the offered products and services; 
 Positive attitude towards the company; 
 Better observance of deadlines; 
 Low personnel fluctuation; 
 Small absenteeism rates; and 
 Creativity and assuming of responsibilities. 

The management of workers’ satisfaction encompass factors like training (aiming the 
development of the workers’ skills), and the creation of work environments that en-
courage the productivity, commitment and motivation. In this way, the organizations 
reveal major concerns in promoting practices which give some support to its employ-
ees, seeking the possible balance between professional and private lives [3, 4]. 

The present study addresses the theme of the Human Resources Management, in 
particular with regard to Workers’ Satisfaction. However, the assessment of workers’ 
satisfaction is a complex phenomenon that involves a large number of factors, some 
of which depend on the worker in itself, and even on the organisation [3-5]. Because 
of this, it is difficult to assess the Workers’ Satisfaction since it is necessary to con-
sider different conditions with complex relations among them, where the available 
data may be incomplete/unknown (e.g., absence of answers to some questions pre-
sented in the questionnaire), or even contradictory (e.g., questions relating to the same 
issue with incongruous answers). In order to overcome these difficulties, the present 
work reports on the founding of a not common approach to Knowledge Representa-
tion and Reasoning [6], complemented with a Case Based attitude to computing 
[7, 8]. 

Undeniably, Case Based (CB) provides the ability to solve new problems by reus-
ing knowledge acquired from past experiences [7, 8], i.e., CB is used especially when 
similar cases have similar terms and solutions, even when they have different back-
grounds [9]. Its use may be found in many different arenas, namely in Online Dispute 
Resolution [9] or Medicine [10, 11]. 

This paper involves five sections. In the former one a brief introduction to the 
problem is made. Then the proposed approach to Knowledge Representation and a CB 
view to computing are introduced. In the fourth and fifth sections it is assumed a case 
study and presented an answer to the problem. Finally, in the last section the most 



relevant conclusions are described and possible directions for future work are out-
lined. 

2 Background 

Many approaches to Knowledge Representation and Reasoning have been proposed 
using the Logic Programming (LP) epitome, namely in the area of Model Theory 
[12, 13] and Proof Theory [6], [14]. In the present work the Proof Theoretical ap-
proach in terms of an extension to the LP language is followed. An Extended Logic 
Program is a finite set of clauses, given in the form: 

 

    ,    

, , ,   , ,    

? , , ,   , ,      , 0  

 

 

   ,               

   

where the first clause stand for predicate’s closure, “,” denotes “logical and”, while 
“?” is a domain atom denoting falsity, the pi, qj, and p are classical ground literals, i.e., 
either positive atoms or atoms preceded by the classical negation sign  [6]. Indeed,  
stands for a strong declaration that speaks for itself, and not denotes negation-by-
failure, or in other words, a flop in proving a given statement, once it was not de-
clared explicitly. Under this formalism, every program is associated with a set of ab-
ducibles [12, 13], given here in the form of exceptions to the extensions of the predi-
cates that make the program, i.e., clauses of the form: 

,        ,    0 ,              

that stand for data, information or knowledge that cannot be ruled out. On the other 
hand, clauses of the type: 

? , , ,   , ,      , 0  

also named invariants, allows one to set the context under which the universe of dis-
course has to be understood. The term scoringvalue stands for the relative weight of the 
extension of a specific predicate with respect to the extensions of peers ones that 
make the inclusive or global program. 



2.1 Knowledge Representation and Reasoning – Quantitative Knowledge 

On the one hand, the Quality-of-Information (QoI) of a logic program will be under-
stood as a metric that will be given by a truth-value ranging between 0 and 1 [15, 16]. 
Indeed, QoIi = 1 when the information is known (positive) or false (negative) and QoIi 
= 0 if the information is unknown. For situations where the extensions of the predi-
cates that make the program also include abducible sets, its terms (or clauses) present 
a QoIi ϵ ]0, 1[, which will be given by: 

1  (1) 

if the abducible set for predicates i and j satisfy the invariant: 

? ;  ,   ;    

where “;” denotes “ logical or” and “Card” stands for set cardinality, being i  j and 
i, j  1 (a pictorial view of this process is given in Fig. 1(a), as a pie chart). 

On the other hand, the clauses cardinality (K) will be given by , 
if there is no constraint on the possible combinations among the abducible clauses, 
being the QoI acknowledged as: 

1 , , 1  (2) 

where  is a card-combination subset, with Card elements. A pictorial view of this 
process is given in Fig. 1(b), as a pie chart. 

However, a term’s QoI also depends on their attribute’s QoI. In order to evaluate 
this metric let us look to the Fig. 2, where the segment with limits 0 and 1 stands for 
every attribute domain, i.e., all the attributes range in the interval [0, 1]. [A, B] denotes 
the scope where the unknown attributes values for a given predicate may occur 
(Fig. 2). Therefore, the QoI of each attribute’s clause is calculated using: 

 

Fig. 1. QoI’s values for the abducible set for predicatei with (a) and without (b) constraints on 
the possible combinations among the abducible clauses. 
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Fig. 2. Setting the QoIs of each attribute’s clause. 

1  (3) 

where ||A–B|| stands for the modulus of the arithmetic difference between A and B. 
Thus, in Fig. 3 is showed the QoI’s values for the abducible set for predicatei. 

Under this setting, a new metric has to be considered, which will be denoted as DoC 
(Degree-of-Confidence), that stands for one’s confidence that the argument values or 
attributes of the terms that make the extension of a given predicate, having into consid-
eration their domains, are in a given interval [17]. The DoC is figured using 
√1 ∆ , where ∆  stands for the argument interval length, which was set to the inter-
val [0, 1] (Fig. 4). 

Thus, the universe of discourse is engendered according to the information pre-
sented in the extensions of such predicates, according to productions of the type: 

, , , ,  (4) 

where , m and l stand, respectively, for set union, the cardinality of the extension of 
predicatei and the number of attributes of each clause [17]. The subscripts of QoIs and 
DoCs, x1, …, xl, stand for the attributes values ranges. 

 

Fig. 3. QoI’s values for the abducible set for predicatei with (a) and without (b) constraints on 
the possible combinations among the abducible clauses. ∑ ⁄  denotes the QoI’s 
average of the attributes of each clause (or term) that sets the extension of the predicate under 
analysis. n and pi stand for, respectively, for the attribute’s cardinality and the relative weight of 
attribute pi with respect to its peers ( ∑ 1 . 
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Fig. 4. Evaluation of the Degree of Confidence. 

2.2 Knowledge Representation and Reasoning – Qualitative Knowledge 

In present study both qualitative and quantitative data/knowledge are present. Aiming 
at the quantification of the qualitative part and in order to make easy the understand-
ing of the process, it was decided to put it in a graphical form. Taking as an example a 
set of n issues regarding a particular subject (where the possible alternatives are none, 
low, moderate, high and very high), a unitary area circle split into n slices is itemized 
(Fig. 5). The marks in the axis correspond to each of the possible choices. If the an-

swer to issue 1 is high the area correspondent is π
.

n , i.e., 0.75/n 

(Fig. 5(a)). Assuming that in the issue 2 are chosen the alternatives high and very 

high, the correspondent area ranges between π
.

n,   π n , i.e., 

0.75/n,  1/n  (Fig. 5(b)). Finally, in issue n if no alternative is ticked, all the hy-

potheses should be considered and the area varies in the interval 0,    π n , 

i.e., 0 , 1/n  (Fig. 5(c)). The total area is the sum of the partial ones (Fig.  5(d)). 

 

Fig. 5. A view of the qualitative data/information/knowledge processing. 
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3 A Case Based Methodology for Problem Solving 

The CB methodology for problem solving stands for an act of finding and justifying a 
solution to a given problem based on the consideration of similar past ones, by repro-
cessing and/or adapting their data/knowledge [7, 8]. In CB – the cases – are stored in 
a Case Base, and those cases that are similar (or close) to a new one are used in the 
problem solving process. The typical CB cycle presents the mechanism that should be 
followed, where the former stage entails an initial description of the problem. The 
new case is defined and it is used to retrieve one or more cases from the Case Base. 

Despite promising results, the current CB systems are neither complete nor adapt-
able enough for all domains. In some cases, the user cannot choose the similarity(ies) 
method(s) and is required to follow the system defined one(s), even if they do not 
meet their needs. Moreover, in real problems, the access to all necessary information 
is not always possible, since existent CB systems have limitations related to the capa-
bility of dealing, explicitly, with unknown, incomplete, and even self-contradictory 
information. To make a change, a different CB cycle was induced (Fig. 6). It takes 
into consideration the case’s QoI and DoC metrics. It also contemplates a cases opti-
mization process present in the Case Base, whenever they do not comply with the 
terms under which a given problem as to be addressed (e.g., the expected DoC on a 
prediction was not attained). This process that uses either Artificial Neural Networks 
[18, 19], Particle Swarm Optimization [20] or Genetic Algorithms [21], just to name a 
few, generates a set of new cases which must be in conformity with the invariant: 

,  (5) 

i.e., it denotes that the intersection of the attribute’s values ranges for cases’set that 
make the Case Base or their optimized counterparts (Bi) (being n its cardinality), and 
the ones that were object of a process of optimization (Ei), cannot be empty (Fig. 6). 

 

Fig. 6. The updated view of the CB cycle. 



4 Methods 

Aiming to develop a predictive model to assess workers’ satisfaction a questionnaire 
was designed specifically for this study and applied to a cohort of 236 employees of 
training companies. This section describes briefly the data collection tool and how the 
information is processed. 

4.1 Questionnaire 

The questions included in the questionnaire aimed to evaluate the degree of worker’s 
satisfaction. The respondents participated in the study voluntarily and the question-
naires were anonymous to ensure the confidentiality of information provided. The 
questions included in the questionnaire were organized into five sections, where the 
former one includes the general questions related with workers’ age, gender, length of 
service and functional area. The second one comprises questions related with the 
workers’ opinions about the received training (Table Training Related Factors in 
Fig. 7), while the third section is about occupational medicine service (Table Occupa-
tional Medicine Related Factors in Fig. 7). Finally, the fourth and fifth sections com-
prise issues related with the workers’ opinions about the resources (Table Resources 
Related Factors in Fig. 7) and organizational climate (Table Organizational Climate 
Related Factors in Fig. 7), respectively. 

4.2 Workforces’ Satisfaction Knowledge Base 

It is now possible to build up a knowledge database given in terms of the extensions 
of the relations (or tables) depicted in Fig. 7, which stand for a situation where one 
has to manage information aiming to estimate the workers’ satisfaction. Thus, the 
General Information, Training, Occupational Medicine, Resources, and Organiza-
tional Climate Related Factors tables are populated with the responses to the issues 
presented in the questionnaire, where some incomplete, default and/or unknown data 
is present. For instance, in the former case the Functional Area is unknown (depicted 
by the symbol ), while the opinion about the Applicability of the Training Received 
in the Daily Work is not conclusive (High/Moderate). 

The Length of Service column of the Satisfaction table is populated with 0 (zero), 1 
(one), 2 (two) or 3 (three) that stands, respectively, for a length of service lesser than a 
year, comprised in the range [1, 3[, ranging between [3, 5[, and with more than 5 
years. The Functional Area column, in turns, is filled with 0 (zero), 1 (one), 2 (two), 3 
(three) or 4 (four) that denotes human resources, quality, marketing, financial and 
commercial issues, respectively. In the Gender column 0 (zero) and 1 (one) stand, 
respectively, for female and male. 

In order to quantify the information present in the Training, Occupational Medi-
cine, Resources, and Organizational Climate Related Factors tables the procedures 
already described above were followed. Applying the algorithm presented in [17] to 
the table or relation’s fields that make the knowledge base for workers’ satisfaction 



assessment (Fig. 7), and looking to the DoCs values obtained as described before, it is 
possible to set the arguments of the predicate satisfaction (satis) referred to below, 
whose extensions denote the objective function regarding the problem under analyze: 

:    ,    ,  ,  ,  

                     ,  ,   

 ,      0, 1  

where 0 (zero) and 1 (one) denote, respectively, the truth values false and true. 

 

Fig. 7. A fragment of the knowledge base for workers’ satisfaction evaluation. 



The algorithm presented in [17] encompasses different phases. In the former one the 
clauses or terms that make extension of the predicate under study are established. In 
the subsequent stage the arguments of each clause are set as continuous intervals. In a 
third step the boundaries of the attributes intervals are set in the interval [0, 1] accord-
ing to a normalization process given by the expression /   , 
where the Ys stand for themselves. Finally, the DoC is evaluated as described in sec-
tion 2.1. 

Exemplifying with a term (worker) that presents the feature vector (Age = 37, Gen-

der = 0, Length of Service = , Functional Area = 2, Occupational Medicine Related Factors = [0.45, 0.55], 
Training Related Factors = [0.65, 0.8], Resources Related Factors = 0.67, Organizational Climate Related 

Factors = [0.58, 0.75]), one may have: 

Begin  DoCs evaluation  

The predicate’s extension that sets the Universe‐of‐Discourse for the case  term  
under observation is fixed 

 

    , , , , , , ,  

    , , , , , , ,  

  1 , , , 1 , , , 1 . ,  . , . ,  .

`  

  1  

                   19, 64                  0, 3                          0, 1              
`    

 

  1 

 

The attribute’s values ranges are rewritten 

 

    , , , , , , ,  

    , , , , , , ,  

  1 ,  , ,  , , 1 ,  , ,  , , 1 . ,  . , . ,  .

`    

  

1  
                           19, 64                           0, 3                                  0, 1              

`    

 

  1 



The attribute’s boundaries are set to the interval  0, 1 , according to a normaliza‐
tion process that uses the expression  /    

 

    , , , , , , ,  

    , , , , , , ,  

  1 . , . , . , . , , 1 , , , , , 1 . , . , . , .

`        

  

1  
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    , , , , , , ,  
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1 0.87 

         0.4,  0.4         0,  1         0.58,  0.75
`        

 

               0, 1           0, 1               0, 1
`        

 

  1 

End. 

5 A Case Based approach to Computing 

The framework presented previously shows how the information comes together and. 
In this section, a soft computing approach was set to model the universe of discourse, 
where the computational part is based on a CB approach to computing. Contrasting 
with other problem solving tools (e.g., those that use Decision Trees or Artificial Neu-
ral Networks), relatively little work is done offline [9]. Undeniably, in almost all the 
situations, the work is performed at query time. The main difference between this new 



approach and the typical CB one relies on the fact that not only all the cases have their 
arguments set in the interval [0, 1], but it also caters for the handling of incomplete, 
unknown, or even self-contradictory data or knowledge. Thus, the classic CB cycle 
was changed (Fig. 6), being the Case Base given in terms of the following pattern: 

,  

When confronted with a new case, the system is able to retrieve all cases that meet 
such a structure and optimize such a population, having in consideration that the cases 
retrieved from the Case-base must satisfy the invariant present in equation (5), in order 
to ensure that the intersection of the attributes range in the cases that make the Case 
Base repository or their optimized counterparts, and the equals in the new case cannot 
be empty. Having this in mind, the algorithm described above is applied to a new case, 
that in this study presents the feature vector (Age = , Gender = 1, Length of Service = 2, Func-

tional Area = 1, Occupational Medicine Related Factors = 0.7, Training Related Factors = [0.5, 0.7], Re-

sources Related Factors = [0.67, 0.75], Organizational Climate Related Factors = 0.75). Then, the compu-
tational process may be continued, with the outcome: 

1,0 , 1, 1 , 1, 1 , 1, 1 , 1, 1 , 1, 0.98 , 1, 0.99 , 1, 1
 

  1 0.87 

Now, the new case may be portrayed on the Cartesian plane in terms of its QoI and 
DoC, and by using clustering methods [22] it is feasible to identify the cluster(s) that 
intermingle with the new one (epitomized as a square in Fig. 8). The new case is 
compared with every retrieved case from the cluster using a similarity function sim, 
given in terms of the average of the modulus of the arithmetic difference between the 
arguments of each case of the selected cluster and those of the new case. Thus, one 
may have: 

1,1 , 1, 1 , 1, 1 , 1, 1 , 1, 1 , 1, 1 , 1, 1 , 1, 0.95 1 0.99

1,1 , 1, 1 , 1, 0 , 1, 0 , 1, 1 , 1, 1 , 1, 0.85 , 1, 1 1 0.73

1,1 , 1, 1 , 1, 0 , 1, 0 , 1, 0 , 1, 1 , 1, 1 , 1, 0.97 1 0.62

           

 

 

Fig. 8. A case’s set divided into clusters. 
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Assuming that every attribute has equal weight, for the sake of presentation, the 
dis(imilarity) between case and the , i.e., case 1, may be com-
puted as follows: 

 
0 1 0.98 1 0.99 1 1 0.95

8
0.14 

Thus, the sim(ilarity) for    is set as 1 – 0.14 = 0.86. Regarding QoI 

the procedure is similar, returning 
 

1. Thus, one may have: 

 
,  1 0.86 0.86 

a value that may now be object of a reading by part of experts. These procedures 
should be applied to the remaining cases of the retrieved cluster(s) in order to obtain 
the most similar ones, which may stand for the possible solutions to the problem. 
However, there is yet a problem, i.e., when meeting the situation of multiple experts 
and multiple assessment methods, how to integrate them? 

In order to answer to this question, let us consider that one has p (p ≥ 2) experts 
and the making ei/domaini, where ei stands for experti, and domaini denotes the met-
rics or methods used by experti to read the study outcome, i.e., the pair (QoIi, DoCi), 

here given in terms of ,  , where “j” stands for the casej in the cluster(s) of 

retrieved cases. domaini may be, for example, a set (e.g., {low, moderate, high, very 
high}), an interval (e.g., [80,90]), a number (e.g., 80), or an unknown value (e.g., ). 
A pictorial view of the process is given by Fig.  9 (that sets the relation ex-
perts/readings), and Fig. 10 (that sets the overall assessment). 

 

Fig. 9. The relation experts/readings. 

 

Fig. 10. The overall assessment that is given by the areas`sum. 
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In order to evaluate the performance of the proposed model the dataset was divided 
in exclusive subsets through the ten-folds cross validation [19]. In the implementation 
of the respective dividing procedures, ten executions were performed for each one of 
them. Table 1 presents the coincidence matrix of the CB model, where the values 
presented denote the average of 20 (twenty) experiments. A perusal to Table 1 shows 
that the model accuracy was 92.4% (i.e., 218 instances correctly classified in 236). 
Thus, the predictions made by the CB model are satisfactory, attaining accuracies 
higher than 90%. The sensitivity and specificity of the model were 95.0% and 87.0%, 
while Positive and Negative Predictive Values were 93.8% and 89.3%, respectively. 
The ROC curve is shown in Fig. 11. The area under ROC curve (0.91) denotes that the 
model exhibits a good performance in the assessment of workers’ satisfaction. 

Table 1. The coincidence matrix for CB model. 

Target 
Predictive 

True (1) False (0) 
True (1) 151 8 
False (0) 10 67 

 

Fig. 11. The ROC curve regarding the proposed model. 

6 Conclusion 

The workers’ satisfaction assessment is not only an inestimable practice, but some-
thing of utmost importance in the organization efficiency context. To meet this chal-
lenge it is necessary that the organizations optimize their efficiency in order to 
achieve excellence practices. However, it is difficult to assess the workers’ satisfac-
tion since it is necessary to consider different variables and/or conditions, with com-
plex relations entwined them, where the data may be incomplete, contradictory, and 
even unknown. In order to overcome these difficulties this work presents a Decision 
Support System to estimate the workers’ satisfaction. The methodology followed was 
centred on a formal framework based on LP for knowledge representation and reason-
ing, complemented with a CB approach to computing. It may set the basis for an 
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overall approach to such systems in this arena. Indeed, it has also the potential to be 
disseminated across other prospective areas, therefore validating an universal attitude. 
Indeed, under this line of thinking the cases’ retrieval and optimization phases were 
heightened when compared with existing tactics or methods. Additionally, under this 
approach the users may define the cases weights attributes on-the-fly, letting them to 
choose the appropriate strategies to address the problem (i.e., it gives the user the 
possibility to narrow the search space for similar cases at runtime). Finally, it was 
presented a solution to the question: when meeting the situation of multiple experts 
and multiple assessment methods, how to integrate them? This is quite important, for 
example, in-group(s) construction and in the assessment of their outcomes. 
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