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Abstract  
The article proposes to consider some conclusions about the significance of a number of 

elements of the model of individual competencies of project managers proposed by the 

International Project Management Association (IPMA ICB 4.0) when presented as a directed 

graph. It is proposed to consider elements of the competency model (a set of 28 elements for 

the ICB model for project management) as the vertices of such a graph. It is proposed to 

carry out a structural analysis of such a graph using various combinations of representations 

that combine the "centrality" parameter and "weight characteristics" for the vertices of such a 

graph based on information about the number of edges adjacent to the vertices. The article 

demonstrates the approach proposed by the authors to the analysis of a directed graph using 

software such as the openly distributed product yEd, which has sufficiently wide capabilities 

for visualizing various systems modeled with its help, including graphs. It is also proposed to 

consider, as an example of using such a representation, a variant of transforming the existing 

IPMA ICB 4.0 model based on the representations for this structure obtained during the 

visual analysis using the yEd service. The structure of the general communication system 

IPMA ICB 4.0 is clearly demonstrated, and the presentation of each of the blocks of elements 

of this model is also visualized. Shows the role of the element "Leadership" as an "integral 

element", directly through which communication is carried out between all blocks of the 

model of elements. The role of such an element as "Power and Interest" in the analysis of a 

directed graph using a set of representations is also highlighted, which demonstrates the 

structural relationships of the entire system of elements of the system under consideration 

using the "centrality" property.  
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1. Introduction 

Almost all of the world's leading professional organizations that offer their views on the systems of 
necessary knowledge for project management today offer their presentation of the necessary "sets of 

competencies" required by managers of projects, programs and project portfolios for successful 

management. Such models are offered by such two most authoritative organizations in the world of 
project management as the International Project Management Association (IPMA) [1], and the 

American Institute for Project Management (PMI) [2]. 
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2. Problem 

Despite the attempts made by a number of authors to describe the interaction of elements of 

knowledge systems in various fields of human activity [3-7], unfortunately, there is still no 

established approach to formalizing such complex structures as a model of the competence of 
specialists, which makes it possible to apply analytical methods to their analysis& At the same time, 

attempts are being made to use rather complex analytical approaches to the description and analysis of 

such design systems [8, 9]. Despite the tendency that has emerged in recent years towards a similar 
representation of the competence structure in IPMA and PMI [10, 11], which happened, possibly due 

to ISO, and also despite the existing standards for assessing competencies, there is no unified 

approach to representing elements of such systems as systems (or models) of competencies. The lack 

of a unified, and, preferably, understandable and accessible, approach to the representation of systems 
does not allow, from our point of view, also to compare and evaluate them. Also, the lack of such a 

unified approach makes it difficult to apply an analytical approach to solving the problem of choosing 

an appropriate project management methodology for the project (including a possible justification for 
choosing a "mixed" approach [12]). It seems useful to create a general approach to describing such 

models, incl. to adjust existing approaches to project management [14]. 

3.  Methods 

As a possible approach to the construction of models of complex organizational, technical, socio-
economic and other systems, it is proposed to use the graph theory toolkit, which is a constituent 

element of the general theory of systems in the representation of L. Bertalanffy [13]. 

An adjacency matrix can serve as a basis for constructing a directed graph for subsequent analysis. 
As known, a system that combines sets of some entities, for example (1): 

                                                                     S{s1, s2, …, sm},                                                          (1) 

which are vertices of an oriented graph connected by oriented arcs (2) 

                                                                    G{g1, g2, …, gr},                                                          (2) 
can be displayed using the adjacency matrix (3) 

                                                                       [сij]S  = [i, j],                                                               (3) 
each line of which shows the connections of one vertex with other vertices of the graph. The 

element сij = 1, then it reflects the arc between the vertices Si and Sj. If сij = 0, then the arc directly 

between the vertices of the graph i and j is absent. 
For the analysis of such structures use the adjacency matrix, which has specific properties. In the 

case of successive reduction of the adjacency matrix in the degree n = 2, 3 ... the elements of the n-th 

degree (сij)n show the path containing n arcs between the i-th and j-th vertices of the graph. 

To formalize the adjacency matrix obtained by the method described above, it is proposed to use 

the Microsoft Excel [15] software, in particular, so that other actions can be performed in the same 

computing environment to simulate the behavior of the system under study. In particular, due to the 
fact that this software in its basic functionality supports the necessary set of operations with matrices. 

For further visualization and presentation in the form of a graph, it is proposed to use the yEd [16] 

software. 

4. Results 

An adjacency matrix can serve as the basis for constructing a directed graph for subsequent 

analysis. In this case, such a matrix can be easily obtained for the considered IPMA ICB 4.0 system 

[17] due to the fact that in the text of this standard there are explicit references to the relationships of 

each of the elements with other elements of the system. The logic of its construction corresponds to 
that which was applied when describing the structure of the previous version of the IPMA ICB 3.0 

model [14] (Fig. 1).  

For further visual analysis of the resulting graph, it is proposed to use such well-known and open-
source software as yEd, which allows modeling various kinds of complex structures, in particular, 
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using a wide range of different graph representations. Fig. 2 shows the structure of a graph created in 
the yEd environment using the standard Shape Nodes template of structural elements.  

 
Figure 1: Formation of a first-order adjacency matrix for ICB 4.0 (screenshot fragment) [18] 

 

 
Figure 2: Directed graph for IPMA ICB 4.0 model implemented in yEd (screenshot fragment) 
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As you can see from the fig. 2, yEd allows you to visualize the links (edges) between the elements 
of the model (the vertices of the graph), including the direction of these links. 

Unfortunately, such a basic view does not allow making any analytical conclusions. It is worth 

using other representations to analyze the graph. In particular, the simplest next step can also be a 

"circular representation", but with the visualization of the weights of the vertices based on the number 
of their connections with other vertices of the graph, as shown in Fig. 3 (normalized with respect to 

the element 10 with the maximum number of connections) for Centrality Measuring settings based on 

"Number of Connected Edges". 

 
Figure 3: Directed graph for IPMA ICB 4.0 model, implemented in yEd (Circular Layout - Single Cycle 
representation) with routing style set as "Arc" 

 
As can be seen from fig. 3, yEd allows visualizing the weights of vertices (model elements) based 

on information about the number of edges (links), which makes such a representation much more 

information-rich than the primary representation of the model in the form of a graph which presented 
in Fig. 2. Nevertheless, such a representation, although it already allows you to form some hypothesis 

based on the visualization of the parameters of the system of links, in particular, to allow ranking the 

vertices by the number of links, but any spreadsheet editor in which you can sum up values in rows 
and columns of the original adjacency matrix (Fig. 1). In graph analysis, one of the key concepts is 

centrality. Accordingly, visualization of representations of such a parameter as "centrality" will be of 

undoubted interest. At the same time, "centrality" can be considered both "structural" and "weighted". 

In particular, thanks to such a representation as "Weighted Centrality" (Fig. 4), it is possible to assess 
the importance for the entire structure as a whole, not only of element 10 (as follows from the 

representation in Fig. 3), but also 16: This representation allows one to form a number of hypotheses 

regarding the role of elements 6, 7, 8, 9, 11 and 12 presented in the "far orbit" in the system under 
consideration, in addition to other assumptions that can be formed on the basis of the visualization 

presented in Fig. 3. In any case, it is obvious that the information content of such a representation is 

much higher than that in Fig. 2 or Fig. 3. The visualization capabilities allow you to assess 

"centrality" directly from a structural point of view as shown in Fig. 5: In particular, Fig. 5 shows the 
importance of element 17, which was not at all visible based on the analysis of weights (Fig. 4), nor, 

even more so, such "simple representations" that were presented in Fig. 2 and Fig. 3, and were not at 

all obvious in any attempt to "visualize" the matrix representation of the system (Figure 1). Thus, in 
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Fig. 3-5, visualization options are presented, perhaps the most important topological representations 
of structural links existing in the IPMA ICB 4.0 model 

 
Figure 4: Visualization of some structural indicators (fragment) for a directed graph for the IPMA 
ICB  4.0 model in the yEd environment in the Radial Layout view for Weighted Centrality (distance 
from center) 

 
Figure 5: Visualization of some structural indicators (fragment) for a directed graph for the IPMA 
ICB 4.0 model in the yEd environment in the Radial Layout view for Centrality (distance from center) 

5. Discussion 

The approach proposed in the article significantly expands the previously described [19] approach 

to the analysis of the properties of structural models. At the same time, the use of elements of such an 
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approach has already been presented in relation to the analysis of communication processes in project 
management [20, 21], and in some cases it is explicitly applied to the analysis using the construction 

of graphs and the subsequent assessment of such parameters specific for the analysis of graphs as 

“degree centrality", "Betweenness centrality", "eigenvector centrality" [22]. Nevertheless, the visual 

representation of the "centrality" properties, from our point of view, significantly expands the 
possibilities of understanding the features of the systems under study. As can be seen from the views 

in Fig. 4 and 5, they are fundamentally different from the “descriptive” view in Fig. 2. Although they 

are still representations of the same system. In our opinion, the use of such powerful tools for versatile 
visualization of the graphs of the studied models allows us to look somewhat differently at the 

systems under study than only through the prism of analytical indicators presented in a matrix 

(tabular) form. Based on the information presented graphically, it becomes possible not only to 
propose new hypotheses regarding the structural relationships of the systems under study, but also to 

“quickly test” them by visual means. In particular, Fig. 6 shows the hierarchy of relations between the 

vertices of the graph (model elements). 

 
Figure 6: Visualization of some structure properties for a directed graph for the IPMA ICB 4.0 model 
in the yEd environment in the Circular Layout view with Enabled Edge Bundling setting on 

 

On the other hand, visualization of structural connections in the form of trees allows you to look at 
the studied systems of connections "from a bird's eye view." For example, even if the creators of the 

IPMA ICB 4.0 standard had not proposed the grouping of elements of the ICB 4.0 competency model 

into three groups of competencies, as presented by its developers, but only information about the 

connections between the final elements of the entire model were given, this would be easy to do on 
based on the analysis of the graph of such a representation as shown in Fig. 7. Interesting, if the 

creators of the IPMA ICB 4.0 standard used similar types of representations of the models they 

develop, they might want to separately describe element 10 and describe its role as a connecting 
element between the three groups of competency elements, the need for which is clearly visible on the 

basis of the analysis of the representation models in fig. 7?  

Of particular interest is the analysis of system connections when presented in the form of "Bus 
station", where you can also clearly see several clusters of "roads" that form three subsystems 

connected by only one "highway" with the main "station"  element number 10 (Leadership ), as you 

can see on fig. 8. The presented toolkit is also of interest for structural modeling. For example, Fig. 9-

11 show the results of modeling the system modification when the number of graph vertices decreases 

by “contracting” some edges to a vertex based on the analysis of the data in Fig. 4-6. 
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Figure 7: Visualization of some statistical indicators (fragment) for a directed graph for the IPMA 

ICB 4.0 model in the yEd environment in the Tree  Baloon Layout  Weighted Center Root  
Organic view 

 
Figure 8: Visualization of some structural interdependencies for a directed graph for the IPMA ICB 
4.0 model in the yEd environment  in the Edge Routing - Orthogonal Bus-style view 

 
As you can see from the visualizations presented in Fig. 9 and 10, the structural integrity of the 

system is preserved. In particular, the most significant elements of the system, namely "Power and 

interests" (4), "Leadership" (10) and "Project design" (16), continue to demonstrate their importance 

as truly backbone factors of the entire system as centers of their "planetary systems" corresponding in 
the logic of IPMA ICB 4.0 to each of the three blocks of competence. Further analysis can be carried 

out further, but the meaning of the given example is to show the possibility of using such structural 

analysis tools when carrying out work on both the creation and modification of systems, in particular, 
with the further development of competence systems in the field of professional project management. 
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The exclusion of the vertices 6, 7, 8, 9, 11, 12 from the model, which correspond to the elements 
of the "People" block of the original IPMA ICB 4.0 model, which is indicative, does not in any way 

diminish the structural role and influence of such an element as "Leadership". This, in turn, creates 

additional prerequisites (in particular, quite clearly visible in Fig. 7 and 8) to separate this single 

element into a separate subsystem, as an integral basis for the entire IPMA ICB model, for example, 
in the new version 5.0.  

The presented visualizations certainly provide a lot of information, at least for the formation of 

hypotheses. it is obvious that some of these hypotheses, in principle, could not have appeared without 
visualization, similar to the one shown in the screenshots of the model views made in the eEd 

environment.  

 
Figure 9: Visualization for a directed graph for the IPMA ICB 4.0 model in the yEd environment in the 
Radial Layout view for Weighted Centrality (Distance From Center) for structural model changes 

 

 
Figure 10: Visualization for a directed graph for the IPMA ICB 4.0 model in the yEd environment in 
the Radial Layout view for Centrality (Distance From Center) during structural model changes 
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Figure 11: Visualization for a directed graph for the IPMA ICB 4.0 model in the yEd environment in 
the Tree - Baloon Layout - Weighted Center Root - Organic view during structural model changes 

6. Conclusion 

The presented approach to the use of graphical representations, according to the authors, can be 
used in the analysis of any other complex systems, where a sufficiently large number of mutually 
influencing elements can be identified. In order for the analysis of such systems to be as effective as 
possible, it is necessary to use the appropriate systems that automate the work on the primary 
processing and visual presentation of information. Such an effective tool for an analyst's work can be 
software with functionality similar to the example of using the yEd product presented in the article. 
Perhaps this approach will allow a more “instrumental” approach to assessing the importance of 
individual elements, incl. by modeling situations such as “excluding” a number of nodes or edges 
(elements of the studied systems or connections between them), and “adding” (predicting the need for 
a real but previously unidentified element or a connection between identified elements), which will 
allow a more professional and objectively approach the assessment of complex systems. 

In particular, these are hypotheses about the special role of such elements of the model as 4 
("Power and interests"), 6 ("Self-reflection and self-management") and 16 ("Project design"), which 
are "centers" for their "subsystems", which are the corresponding blocks of the model under study, 
even if the initial model did not contain such a hierarchical representation. On the other hand, it may 
still be worthwhile to consider such an element as 10 ("Leadership") separately from any of any block 
of the model, and to single out its "integrating" and "connecting" role for the entire model. It is also 
worth taking more seriously an element such as 4, which, despite its "low weight", is still the "center" 
of the entire system, if we consider it from a topological point of view. In addition, the list of 
hypotheses can be supplemented with the possible need to revise the existing taxonomy when 
assessing competencies directly and when conducting certification according to this model — towards 
revising the "weights" of each of the blocks based on the analysis of the structure of links. Moreover, 
I would like to emphasize once again that all these hypotheses are not at all obvious and owe their 
emergence exclusively to the ability to conduct a visual analysis of the system under study using free 
software available today to any computer user. 
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