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Abstract. Neural projection models are applied in this study to the analysis of 
Human Resources (HR) from a Knowledge Management (KM) standpoint. 
More precisely, data projections are combined with the glyph metaphor to 
analyse KM data and to gain deeper insight into patterns of knowledge 
retention. Following a preliminary study, the retention of specialized employees 
in hi-tech companies is investigated, by applying the configurational approach 
of Strategic HR Management. The combination of these two aforementioned 
techniques generates meaningful conclusions and the proposal is validated by 
means of an empirical study on a real case study related to the Spanish hi-tech 
sector. 

Keywords: Unsupervised Neural Networks, Glyph Metaphor, Knowledge 
Management, Knowledge Retention, Human Resources Management. 

1    Introduction 

Knowledge Management (KM) [1] means that organizations can capture and share the 
collective experience and the know-how (knowledge) of their employees and apply 
their knowledge in intelligent ways [2]. However, before an organization can 
successfully apply a KM methodology, it first has to develop and to implement its 
knowledge infrastructure [3]. These knowledge infrastructures consist of three central 
dimensions: people, organizational and technological systems. 

It is no exaggeration to say that in an environment such as today’s, where 
everything changes at great speed and almost nothing remains static, knowledge 
emerges as the key factor in any economy [4]. Knowledge not only means that we can 
advance, but that we can adapt to the unceasing change that happens around us, which 
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are bound to increase in the future. Equally, the firm inevitably requires 
“specific/singular” knowledge, which will permit it to pursue excellence alongside 
others. This class of first-level knowledge is held by a small number of people, 
without forgetting that more select and sophisticated knowledge is required, if 
possible, in pioneering firms, such as those analyzed in this study, in an area where 
the offer is, unfortunately, further and further away from satisfying demand. 

Here, the full force of the need is felt, firstly, to recruit those employees with 
specialist knowledge and, secondly and most importantly, to retain them and to 
capitalize on their potential. As the visionary noted [5], it is more difficult to lose 
human capital, when the firm develops its own specific abilities that are difficult to 
transfer. The negative consequences of that fact are accentuated, when key 
employees, leaders or those with a high performance are affected, because it is very 
difficult to replace workers with a high contribution without affecting global 
performance [6] [7]. 

In an effort to avoid these situations, the different configurations that motivate 
employees to remain in a firm are listed for review. Beforehand, it should be 
mentioned that the term configuration is linked to the configurational approach of 
Strategic Human Resource Management [8], according to which there is a coherent 
set of HR practices with strategic objectives that contribute to the competitiveness and 
the survival of the firm. Thus, the adjustment between employee and organization is 
quite a good predictor of the intention to remain committed to the firm or to leave it 
[9], such that high levels of adjustment are more likely to lead to the subsequent 
retention of employees. Both, competitive salaries as well as systems of financial 
rewards, are the most significant factors in the decision to leave the organization or to 
seek new opportunities [10], [11]. 

High salaries can act as a signal to retain qualified employees, protecting the firm 
from losing its investments in training, and avoiding extra expenditure on vacancies 
caused by departures [12]. Furthermore, high levels of retention are achieved through 
the offer of a salary, linked to other investments, such as the creation of structures to 
help new workers to acclimatize to their jobs and their environment, efforts to reduce 
unequal treatment between workers, and a commitment to small but incremental 
opportunities for development and progress [13]. [14] showed that the announcement 
of plans for share options by organizations slowed voluntary departures.  

Moreover, certain environments are more favorable for employee retention than 
others [15]. Thus, young workers demand flexible and informal working 
environments [16]. Employees may be less willing to leave an organization with a 
system of social practices that reinforces company identity. The creation of a strong 
social atmosphere helps to encourage companionship between employees, leading to 
low rates of abandonment, as they feel reluctant to leave their friends [17], because a 
sense of belonging is reinforced [18] and, equally, because a high social implication 
in the organization is positively related to commitment [19] [20] [21] [22].  

It appears clear that the more satisfied and the more motivated an individual feels, 
the more difficult it will be for that individual to leave the organization; the concept of 
commitment could be extended as far as the degree to which employees see the 
organization as a source of satisfaction [23]. Relations with companions are, 
generally, linked to on-the-job satisfaction, which is in turn related to a sense of 
belonging to the firm [24] [25]. A culture that emphasizes interpersonal relations will 
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attract professionals, more than another that is characterized by the value of its tasks 
[26]. The experiment conducted by [27], with a group of key employees, showed how 
they really consider themselves as relevant members when they belonged to a 
working environment with a high degree of interaction between people; when the 
work gave them autonomy, challenges, feedback, opportunities for development and 
the possibility to demonstrate their skills; and, also, if there was provision for 
continuous training and education.  

Therefore, the firm can significantly increase its employee retention rate, 
deepening both satisfaction and motivation [28] [29]; at the same time as reducing the 
costs of employee departures [30] [31], as it has been demonstrated that both labor 
and extra-labor aspects influence the decision to remain in the firm [32]. In 
consequence, the configuration of employee retention, with what has been shown 
above, includes the components associated with employee adjustment to the 
organization, above-average remuneration in relation to competitors, harmonization 
with organizational culture, investments and support for recent arrivals, and social 
training events and actions.  

Based on the ideas discussed above, the authors conducted a broad analysis of 
factors [33], ranging across advanced HR practices to explanations of firm 
performance. In doing so, our study [33] focused on intermediate indicators, such as 
employee characteristics, organizational capabilities and some other internal features. 
The factors in the study consisted of five settings for HR practices (acquisition, 
development, commitment, retention and flexibility), five employee features (human, 
social capital, organizational capital, motivation and turn over), four organizational 
capabilities (knowledge creation, knowledge application, organizational flexibility 
and information technologies), and some other internal features (strategic vision, HR 
emphasis, heterogeneity, and task-associated technology). Only those decisions 
relating to the acquisition of specialized personnel and employee-retention rates and 
the configuration of those two points (Strategic HR Management [34]) were analyzed. 

Going one step further, the present research thoroughly analyzed those features 
related to Knowledge Retention policies. To do so, neural projection models [1] [35] 
[36], described in section 2, were trained and applied to generate intuitive 
visualizations of the data by reducing dimensionality. The instances are depicted in 
different colors and symbols to help extract conclusions, incorporating further 
meaningful information into those projections. Further details about the experiments 
are provided in section 3. Section 4 presents the obtained results while conclusions 
and future work are outlined in section 5.  

2   Neural Projection Model 

Projection models [37] operate on the spatial coordinates of high-dimensional data, in 
order to project them onto lower dimensional spaces. The main goal is to identify the 
patterns that exist across dimensional boundaries by identifying “interesting” 
directions, in terms of any specific index or projection. Such indexes or projections 
are, for example, based on the identification of directions that account for the largest 
variance of a data set –i.e. Principal Component Analysis (PCA) [38], [39]- or the 
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identification of higher-order statistics such as the skew or kurtosis index –i.e. 
Exploratory Projection Pursuit (EPP) [37]. Having identified the most interesting 
projections, the data is then projected onto a lower dimensional subspace, plotted onto 
two or three dimensions, which makes it possible to examine its structure with the 
naked eye. 

The combination of projection techniques together with the use of scatter plot 
matrices is a very useful visualization tool to investigate the intrinsic structure of 
multidimensional data sets, allowing experts to study the relations between different 
components, factors or projections, depending on the technique that is applied. 

The solution proposed in this research applies an unsupervised neural model called 
Cooperative Maximum Likelihood Hebbian Learning (CMLHL) [2] [35]. It is based 
on Maximum Likelihood Hebbian Learning (MLHL) [2] [35], and introduces the 
application of lateral connections [2] [35] derived from the Rectified Gaussian 
Distribution [40]. This connectionist model has been chosen because it reduces the 
data dimensionality while preserving the topology in the original data set. 
Considering an N-dimensional input vector ( x ), and an M-dimensional output vector 
( y ), with ijW being the weight (linking input j  to output i ), then CMLHL can be 
expressed as:  
 
1. Feed-forward step: 
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Where: η  is the learning rate, τ  is the “strength” of the lateral connections, b  the 
bias parameter, p  a parameter related to the energy function and A  a symmetric 
matrix used to modify the response to the data [2] [35]. The effect of this matrix is 
based on the relation between the distances separating the output neurons. This neural 
projection model has been previously applied to the KM field [1]. 

3   Experimental Study 

In its empirical validation of acquisition and retention factors, this study looked at 126 
high-tech organizations in Spain. 267 R&D employees from these firms were 
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surveyed, in order to analyze their HR strategies and subsequently improve the status 
of the analyzed firms. 

The typical profile of these hi-tech firms would be an organization with 266 
employees, manufacturing products and services (111 from the 126 organizations 
under study). A total of 47% of firms claimed that they innovated in both products 
and services, running 124 annual R&D programs. A total of 44% of the firms were 
members of a corporate group, 16% of which were international. 

As only the HR retention factors are considered in the present study, features 
relating to these factors are analyzed in the surveyed data and described in Table 1. 

Table 1. Analyzed components for retention factor. 

Retention factor 

C1: Candidates are selected according to their fitting with the firm. 
C2: Employees match the organizational culture. 
C3: New employees are supported. 
C4: Social and outdoor activities are sponsored by the firm for 

employees to know each other. 
C5: Higher salaries than competitors are offered to retain employees.   

Five components were used to define the retention factor. All these features have 
discrete values that range from 1 (strongly low) to 5 (strongly high). As a result, five 
features from each of the (126) firms were collected for the dataset. 

Two analyses were done for the purpose of an interesting comparison. In the first 
one, each component or retention criteria was weighted with an identical value (0.20), 
which established a typology or categorization of firms in the category as: Excellent, 
High, Normal, Low and Poor. An “excellent” firm in the retention configuration 
means that all components obtained a score of between 4.5 and 5. The firms that fell 
into the “high” category scored between 3.5 and 4.4. in all criteria; while the “normal” 
consideration was for companies with values of between 2.8 and 3.4; the “low” 
category for scores between 2 to 2.7 and the “poor” category, whenever the score was 
below 2. 

The second analysis consisted in assigning a greater weight to one of the 
components (0.4), leaving the rest equal (0.15), and so on, respectively, for each of 
the criteria. The aim is, in this way, to evaluate the overall consequences and effects 
that each component has on the knowledge retention factor, visualizing the variations 
that are shown.  The results of this comparative study help us determine the specific 
measures that the firm should take, in areas such as employee selection, actions to 
encourage employees to identify with the organizational culture, protocols and 
measures for the integration of new employees and components to determine 
attractive salaries. All of these to achieve efficiency in the configuration of HR 
retention in the firm. 
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4   Results & Analysis 

This section comprises an analysis of the best projections obtained in the above-
described experimental study by applying the CMLHL model to the data on the 
knowledge retention factor. Fig. 1 shows the groups with their labels (1.1, 1.2 …), 
projected by means of CMLHL and according to the retention factor. 

 

 
Fig. 1. CMLHL projection of the Retention Factor dataset. 

4.1 Analysis 1 

Firstly, the combination of CMLHL and glyph depiction was applied to the equally-
weighted features of knowledge retention. With regard to the first study, the 
application of the tool to the data and its subsequent interpretation immediately 
identified the different situations that can arise in the configuration of retention. In 
consequence, it provides information to take well-judged decisions for employee 
retention in firms with similar characteristics to those in this study. It is a preliminary 
step of transcendental importance to achieve the business objectives of 
competitiveness and survival. 

Analyzing the five components all together (Fig. 2), the firms that are found to the 
right of the diagram present excellent knowledge retention, a position that starts to 
worsen as we move towards the left, such that those situated in the center represent 
high retention, which becomes normal as we move in that same direction, until we 
arrive at the low and poor categories in the positions furthest to the left. 
Simultaneously, the tool also shows the excellent firms situated in the lower part of 
the diagram, the high firms in the intermediate zone, and the remainder in the upper 
zone.  

 

1.1 
3.1 

2.1 4.1 5.1 

6.1 

7.1 

3.2 

3.3 
4.2 

4.3 5.2 6.2 7.2 
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Fig. 2. CMLHL projection of the Retention Factor dataset for equally-weighted features. 

The grid generated by the application of the tool is very useful to classify firms and 
to place them with respect to the configuration of knowledge retention and, in 
consequence, to adopt the decisions that contribute to maintaining and to correcting 
these locations. In other words, an acceptable interpretation of the relevant data will 
highlight the existing configuration and will contribute sufficient knowledge, if 
necessary, in order to change position, determining not only the components that 
obtain little value, but also stressing the measures to be able to change undesirable 
locations, or in other words, firms in weaker categories. These measures, in R&D 
companies are connected with the selection of employees in accordance with the 
global adjustment of the firm, its clear identification with organizational culture, 
integration, the development of activities for recently contracted employees and a 
higher salary offer than its competitors.  

4.2 Analysis 2 

Fig. 3 shows the CMLHL projection of the analysis of firms, according to the 
retention factor, varying the component weights. The overvalued factor is marked 
with a plus character (‘+”). That is, “+C1” means that the component 1 (See Table 1) 
was given a higher weight than others. 

In addition to the interpretation of the positions that the firms occupy in the 
projection (Fig. 3), the study was complemented by a second analysis, with the 
objective of comparing the variation or effect of each component on the overall 
retention factor. To do so, each component of the retention configuration, starting 
with the first one and finishing with the fifth one, were iteratively weighted with a 
higher value (0.50) with regard to the others (0.15 for each of the four remaining 
ones) and its effect on the initial typology was studied (where all the criteria were 
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weighted with an identical value). In this way, five different experiments were 
conducted, varying the weight from the first to the fifth component. 

 

  
Fig. 3.1  CMLHL projections of the retention 

factor dataset: overvalued component 1 
(+C1). 

Fig. 3.2  CMLHL projections of the retention 
factor dataset, overweighting component 2 

(+C2). 

  
Fig. 3.3  CMLHL projections of the retention 

factor dataset, overweighting component 3 
(+C3). 

Fig. 3.4 CMLHL projections of the retention 
factor dataset, overweighting component 4. 

(+C4). 

 

 

Fig. 3.5 CMLHL projections of the retention 
factor dataset, overweighting component 5 

(+C5). 

 

The results were very revealing. Starting with Fig. 2, fourteen clearly identified 
groups or sections were observed, each of which represents, according to this study, 
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two revealing aspects of the firms in the sample, their category or the level that they 
reach in the retention configuration, as well as the high values that correspond with 
excellent or very good human resource retention, while the very low values represent 
the contrary situation, and their localization.  

When the highest weighting is attached to component C1 (selection of individuals 
according to the global adjustment with the firm), the results present the following 
changes (Fig. 3.2 +C1): in group 1.1, one firm moves from a low to a normal 
category; in 2.1, one firm changes from poor to low and two others change from 
normal to high categories; in group 3.1, one firm changes from low to normal, two 
from normal to high and one from high to excellent; in 3.2, two firms move from 
normal to high; in section 4.1, one firm changes from normal to high and one more 
from high to excellent; in 4.2, one moves from normal to high; in group 5.1, one 
passes from high to excellent; in group 5.2, another changes from normal to high; in 
group 6.2 as well as in group 7.2, a single firm changes from high to excellent. There 
are a total of sixteen changes, in all of which the firms improve the retention 
configuration with regard to their initial situation. 

In the case of the greater weighting given to C2 (employees identify with the 
organizational culture), the variations are (Fig. 3.2 +C2) as follows: in group 2.1, one 
firm moves from poor to low and another from normal to high; in 3.1, three firms 
vary from low to normal, while another moves from normal to high; in 3.2, one firm 
changes from low to normal, while another three move from normal to high; in group 
4.1, one firm changes from poor to low and another from normal to high; in 4.2,  one 
moves from low to normal, another from normal to high, and yet another from high to 
excellent; in group 5.1, one company switches the category of normal for high, and 
another switches from high to excellent; in group 5.2, two firms change from normal 
to high; in group 6.1, one company moves from normal to high; in 6.2, another moves 
from high to excellent,  in 7.1, one firm changes from high to excellent and in group 
7.2, one firm passes from normal to high. The changes affect twenty-three firms, all 
of which improve the retention configuration, as in component C1. 

C3 (the firm provides support for the incorporation of recently contracted 
employees) is given a greater weighting in retention, but with the following changes 
(Fig. 3.2 +C3): in group 1.1, one single firm moves from low to normal; in 2.1, one 
firm changes from poor to low, and two others from normal to high; in group 3.2, one 
firm changes from low to normal and four more from the normal to the high category; 
group 4.2 presents a change from low to normal; in 4.3, one changes from poor to 
normal and another from normal to high; in group 5.2, three companies change from 
normal to high and another from high to excellent; finally, in group 6.2, one firm 
changes from high to excellent. Here too, the changes are improvements for all 
sixteen firms.  

With regard to attributing greater weight to component C4 (promotion of social 
events and activities so that workers relate and get to know each other), the results 
observed are as follows (Fig. 3.2 +C4): 

In group 1.1, four firms change from normal to low and one other from high to 
normal; in 2.1, another four firms move from normal to low and two more from high 
to normal; in 3.1, one company changes from normal to high, in 3.2, six firms change 
from normal to low and three more from high to low; in group 4.1, two companies 
switch from the high to the normal category and another one from excellent to high; 
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in 4.2, one moves from normal to low, and the same happens in 4.3; in 5.2, one firm 
changes from low to poor and another from excellent to high. In view of these data, 
criterion C4 is clearly the only one that provokes more unfavorable or retrograde 
situations, affecting 38 companies, at the same time as it is shown to be the 
component that provokes the most changes in the firms and is the one that 
differentiates or discriminates between the data under analysis more than any other. 
This is because the firms under study clearly present inferior values under this 
criterion to those of the other components, except in groups 6.1, 6.2, 7.1 and 7.2 that 
reach the highest possible value. 

Finally, when C5 (offers higher salaries than competitors) is given a greater 
weighting, the following transformations appear (Fig. 3.2 +C5): in 1.1, one firm 
moves from normal to high; in 2.1., another firm varies from low to normal; in 3.1., 
one firm moves from low to normal, another two from normal to high and one from 
high to excellent; in group 3.2, two firms move from normal to high and one from 
high to excellent, in 4.1, one firm changes from poor to low and another from normal 
to high; in 4.3, one moves from low to normal; in group 5.1, two entities are 
transformed from high to excellent. In this component, 15 changes of firms occur, 
which improve the level of their human resources retention factor.  

 These results demonstrate that the impact of each component on the retention 
configuration may be understood and, in consequence, strategic decisions may be 
taken according to the objectives that are pursued. Thus, the question is how to 
influence those behaviours and actions, of which the firm may be unaware or may be 
ignoring, once they have been identified in the analysis. In concrete, there is a wide 
range of possibilities that runs from designing and applying selection policies that 
take into account the needs for knowledge within the firm, until the actions are 
proposed that allow the employees to become aware of, to understand, and to make 
the value of the organizational culture their own.  

Likewise, the firm should be aware that the retention configuration calls for the 
provision of help so that the incorporation of new employees is a success, as well as 
for meetings and events to promote relations between veteran staff and recent arrivals. 
In this sense, integration policies should be based on the particularities of the people, 
knowledge exchange and sharing, the establishment of teams of people with different 
levels experience and service and the context in which the work will develop. Finally, 
as made clear, the policies of remuneration and motivation are of vital importance to 
achieve an excellent level of human resource retention. 

A comparison of CMLHL projections with those obtained from some other 
unsupervised techniques: Principal Component Analysis (PCA) [39], MLHL and 
Self-Organizing Map (SOM) [41] were also applied to the HR dataset previously 
analyzed. Only those projections obtained by CMHL have been included in present 
study as they are more sparse [2] [35] and the data ordering can be identified in a 
more clear way. 
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5   Conclusions and Future Work 

The objective that prompted us to conduct this study was twofold: on the one hand, to 
prove the validity of the technique, for a set of qualitative, abstract and disordered 
data, representative of the level reached in the retention configuration of R&D 
personnel, in a significant sample of Spanish high-tech firms (126), and, on the other 
hand, to contribute a necessary element of rigor and robustness to research in the field 
of KM. Accordingly, it was possible to scale up from theoretical formulations to the 
application tools, the purpose of which is first of all to diagnose the reality and, then, 
to shed light on or to guide certain actions that improve their application or 
implementation in the firm.  

This objective may be said to have been achieved because the application of the 
tool has served not only to group together and to order the data, the interpretation of 
which is highly significant, but also to arrive at interesting results, which serve to take 
decisions that can assure the effectiveness of the knowledge retention configuration. 
This HR practice has a high-level impact on competitiveness and the survival of the 
firm. From among these results, the following may be highlighted: 
1. Clear identification of the firm’s position with regard to its employee retention 

factor, which at the same time emerges from the configuration components 
attributed to it. This allows us to represent and, in consequence, to interpret the 
importance or commitment that the firms in this study attribute to this point, 
representative of a working base with the necessary knowledge and capabilities, 
whether economic, sustainable and stable, and in which the best professionals from 
each area are concentrated and maintained. Simultaneously, together with the 
preceding point on the position of the firm, the representation of the components or 
the variables of this factor provide information on the category or level in each 
configuration component and, therefore, help determine which achieve the best 
values and in which intervention is necessary. More specifically, the results allow 
us to establish, for example, if the firm has a plan where the needs of specific 
abilities are specified for the available posts and if higher salaries are offered to 
contract the best worker, where this salary is an element of retention. Likewise, it 
establishes if the selection is done on the basis of the global adjustment of the firm, 
if the employees identify with the organizational culture and whether there is a 
plan for the integration of new employees. All these elements work towards the 
success of human resource retention in the firm. 

2. The convergence of various variables, each one with identical weightings, in 
clearly identified areas or spaces, which represent business positions or situations  
with regard to different levels of the retention factor; descending from excellent, 
high, and normal, to low and then poor. And their comparison, when the weighting 
is different for each of the five variables under analysis, maintaining the rest 
respectively equal. The displacement of the data set to other slightly different 
zones, as well as its variation in the primary score that was given, establish the 
characteristics of the firm, and those that it can manage to achieve, according to the 
actions that it undertakes, to situate itself, according to each case, in the best 
positions, changing from one to another, according to the employee retention 
strategy that is needed or relinquishing strategies that have proved inefficient.  
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In brief, the tool applied to the data used in this analysis has to a high degree of 
accuracy detected the position, the level and the components that configure working 
practice for the retention of R&D employees in a significative sample of Spanish 
firms, and the way in which it may evolve and progress towards a more effective 
introduction and execution, which will achieve higher levels of competitiveness and 
value. Acceptable behavior of the tool, in this and in earlier works, opens a wide field 
of possibilities for data treatment in fields where these are of a qualitative, abstract, 
and disordered nature, which will without doubt contribute to improving their 
diagnosis and may, more importantly, serve to advance applied research, providing 
guidance to business managers and executives.  

Future work will focus on extending this study to some other factors that are 
important in the HR and KM fields (described in Section 2) and on the application of 
other unsupervised visualization models. 
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