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Abstract: This paper constitutes an innovative attempt to analyse the risks and negative phenomena 
dependencies within a project portfolio. Based on the available literature, the risks and negative 
phenomena (that is, the problems with the availability of resources, interpersonal conflicts, 
irregularities in the portfolio balance, etc.) specific to a project portfolio were identified. Theoretical 
constructs were then used to connect the identified risks with the negative phenomena. Structural 
equations were used to confirm the existence and quality of these constructs, as well as models 
describing connections between phenomena. The determination of the structural equations also 
provided a setting in which statistical methods (χ2, RMSEA and CFI) could be used to investigate 
the level of fit of the constructs and models to the empirical data. 
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1. Introduction 

Risk management is an important element of comprehensive project portfolio management. In 
turn, project risk management is wholly oriented towards the achievement of project objectives [1]. 
Key aspects of project risk management have been thoroughly described in the available literature 
on the subject, with regard to its uses [2,3] and interpersonal [4] aspects. However, project portfolio 
risk management constitutes a relatively new study area. Available studies unambiguously indicate 
the significant limitations of traditional risk management, i.e., it is oriented towards individual risk 
management projects in a multi-project environment [5–7]. Based on the work of Markowitz [8], a 
portfolio may be described as a set of projects that, when managed together, allow for the 
maximisation of their expected values at the assumed risk level [9] (p. 97). Therefore, the literature 
indicates that portfolio risk management constitutes a much wider issue than the management of an 
individual project risk [10] and requires a holistic approach [7,11]. This is a result of the occurrence 
of a new risk, which is a derivative of interdependencies and relationships between projects 
completed within the portfolio [12] (p. 85). Risk identifications for projects initiated and completed 
within the portfolio may be conducted simultaneously, thus positively affecting the efficiency of 
these actions [13–15]. Therefore, properly conducted project portfolio risk management allows for 
the minimisation of the likelihood of mistakes and failures, which consequently has a positive 
impact on portfolio success [16]. While addressing the issue of personnel, it must be stated that risk 
management requires a holistic approach from the portfolio manager. Neglecting this approach may 
cause problems with risk monitoring at the portfolio level [5]. Risk management also requires 
unique competencies from a portfolio manager that allow for the formation of desired behaviours in 
the organisation [17,18]. It aims to clarify the roles of some of the organisation’s actors in the context 
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of portfolio management, such as the roles of portfolio officers [19], middle managers [20], and top 
managers [17]. Initially, studies mainly addressed issues in project portfolio risk management with 
organisational solutions [5,7,9,21]. Later on, empirical studies were also published [13,14,22,23]. The 
studies mentioned characterise the impact of the formalisation and the quality of risk management 
on the project portfolio success.  

An analysis of the literature allowed us to formulate two observations. Within the project 
portfolio, there may be risk involved in both the portfolio and its structure, as well as in the 
relationship between the components within the portfolio. The literature also discusses emerging 
phenomena (such as the availability of resources, interpersonal conflicts, irregularities in the balance 
portfolio, etc.), which can negatively affect portfolio success. Caused by risks, phenomena can 
determine Critical Success Factors (CSFs) in managing project portfolios (e.g., [24–27]). In addition, 
an analysis of the available literature indicates that there is a significant lack of studies, raising issues 
concerning the identification and analysis of causal connections, on the one hand, between 
phenomena and the risks causing them and, on the other hand, between the phenomena. 
Identification of this research gap has allowed for the formulation of cognitively interesting research 
questions (RQ): 

RQ1: What risks are characteristic of a project portfolio? 
RQ2: What risks cause negative portfolio phenomena?  
RQ3: Do such negative phenomena affect each other and how?  

In order to answer the questions above, a research project was conducted in the period 
2014–2017. In the first step, based on the available literature, negative phenomena were selected and 
project portfolio risks were identified and named using the Delphi method [28]. In the second step, 
likelihood and impact were measured for the identified risks. The last stage comprised an analysis of 
theoretically foreseen interdependencies between project portfolio risks and negative phenomena, 
conducted with the use of structural equation modelling [29]. Using this statistical procedure, types 
and strengths of risks and negative phenomena dependencies were identified. The calculated 
structural equations also confirmed the existence and quality of constructs describing the causal 
connections between risks and negative phenomena, as well as the models describing such predicted 
connections among phenomena. Therefore, it may be stated that this paper aims to identify risks, as 
well as find a match between the theoretical models describing the relationships between project 
portfolio risks and the negative phenomena that the empirical data revealed. In the opinion of the 
authors, the research conducted contributes to the analysis of theoretically suggested and predicted 
project portfolio risks relations, and the results have significant application value. 

2. Portfolio Risk Management—Theoretical Background 

2.1. Project Portfolio Management 
Currently, project portfolio management is receiving increased attention both in practice and as 

a field of academic research [13,14,17,30,31]. The portfolio management concept originates from 
studies conducted by Markowitz [8], which had the realities of capital investment as their theoretical 
background. Over the years, however, this concept evolved, finding applications in the area of new 
products development [32] and then project management [10,33,34]. When applied to project 
portfolio management, the portfolio theory concerns the constant allocation of resource choices [35], 
while taking into account interdependencies among projects. Guidelines regulating project portfolio 
management issues have been included in global studies [12,36]. Enterprises then adopt guidelines 
cited in the standards, e.g., taking into account the effectiveness of the decision-making process [37] 
and applied organisational solutions [38,39]. 

A project portfolio is a collection of single projects and programs that are carried out under a 
single sponsorship and typically compete for scarce resources. A coordinated project portfolio 
reflects an organisation’s investment strategy, adds value beyond the results of an individually 
managed project, and optimises the available resources [40], and should represent a balance between 
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associated risks. In addition, attention is paid to the strategic dimension manifested through the 
compliance of the strategic fit of a portfolio with the organisation’s strategic objectives [30]. The 
focus is on the alignment of projects and programs to the organisation’s strategy and the balance of 
the project portfolio, while regarding risks and benefits [12]. The task of project portfolio 
management is to manage the resources and other constraints, coordinate the group of projects, and 
manage the interfaces between projects [7,41]. Portfolio management specificity results from the 
course of the projects’ life cycles. Jonas suggests a chronological sequence of four interdependent life 
cycle phases: portfolio structuring, resource management, portfolio steering, and organisational 
learning through portfolio exploitation [17]. It follows that project portfolio management consists of 
portfolio structuring, resource management, and portfolio steering [18]. The objectives of project 
portfolio management are well established in the literature: the maximisation of portfolio value, the 
portfolio balance, and the alignment of the projects with strategic goals [33,41,42]. 

2.2. Project Portfolio Risk Management 

Risk is defined as an uncertain event or condition that, if it occurs, has a significant positive or 
negative effect on at least one strategic portfolio objective [12] (p. 85). While raising risk management 
issues, attention should be drawn to two significant aspects. Understanding and defining the 
notions of uncertainty and risk is the first aspect. Within the framework of this issue, two different 
views are outlined. One is an understanding of risk as a consequence of uncertainty, and this 
perception is quite popular [5,43]. Separation of the issues of risk and uncertainty constitutes a very 
different view [44]. In this view, uncertainty implies a situation for which it is impossible to define 
the probability of an event occurring. This perception has opened a new research area in the 
literature: the management of this version of uncertainty. Available studies discuss this subject both 
from a theoretical [45–47] and empirical point of view [48]. The second significant aspect of risk 
management involves the consideration of risk as an event that not only generates hazards, but also 
reveals opportunities that may be taken by the organisation [5,9,12]. In this paper, emphasis is 
placed on the potential negative effects of risk occurrence on project portfolio success. 

Project risk management issues are well described, both with regard to their methods [1,49] and 
applications [2,3,50–52]. The management of risks at the portfolio level may enhance the 
effectiveness of risk management compared to the independent consideration of risks at the project 
level [16,53]. An analysis of available studies within the scope of portfolio risk management allows 
for the identification of studies discussing this issue in a theoretical and empirical way. Pellegrinelli 
was the first to discuss the issue. He disclosed the difference between risk management at the levels 
of project and program, indicating that program risk management is a broader issue requiring a 
different approach [10]. Olson indicated significant differences between risk management at the 
project level and risk management at the project portfolio level [7]. In turn, Sanchez presented a 
theoretical model describing risk management at the project portfolio level [9,21]. As previously 
mentioned, studies discussing project portfolio risk management issues empirically are currently 
being published. Teller presents an extensive empirical study demonstrating the impact of 
formalisation and quality of risk management on the success of the portfolio [13,14,22,23]. In 
addition, McFarlan indicates the usefulness of a complex approach to portfolio risk in the 
decision-making process [54]. A separate trend with regard to portfolio risk management is 
constituted by studies describing the specificity of engineering [55,56] and IT [57] project portfolio 
risk management. 

The Project Management Institute [12] (pp. 85–86) describes three categories of portfolio risks, 
i.e., structural, component, and overall risks. Structural risks are risks associated with the 
composition of a group of projects and the potential interdependencies among components. 
Component risks are project risks that the project manager needs to adjust to the portfolio level for 
information or action. The overall risk considers the interdependencies between projects and is, 
therefore, more than just the sum of individual project risks [53]. This approach to project portfolio 
risk categorisation has been adopted in the course of this research. 
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3. Hypothesis Development 

The particular project portfolio risks were selected and named through the course of the 
literature review [5–7,9,13,14,16–18,23,30,33,40–42,56,58–67,68]. Every identified risk was defined, 
described, and placed into one of the component, structural, or overall risk categories. The listed 
risks were then assessed by experts using the Delphi method [28,69]. After the assessment procedure, 
during which expert consensus was reached, thirty-six project portfolio risks were selected (see 
Table 1). The identification of the risk characteristics of the project portfolio facilitated a response to 
the first research question (RQ1). 

Table 1. Project portfolio risk list (names without descriptions). 

Component Risk Structural Risk Overall Risk 
1.1 Significant changes in the 
project or program environment 
1.2 Change in an approach of key 
project or program stakeholders 
1.3 Significant change in the basic 
parameters of particular portfolio 
elements 
1.4 Improperly defined priorities 
for particular portfolio elements 
1.5 Disturbances in information 
flow and communication within 
the portfolio elements 
1.6 Ignoring risks by portfolio 
element managers 
1.7 Lack of developed methodical 
standards within the scope of 
portfolio element management 
1.8 Improperly operating steering 
committees of projects, project 
groups and programs 
1.9 Conflicts between project and 
program managers within the 
portfolio 
1.10 Conflicts between portfolio 
element managers and the parent 
organisation’s decision-makers 
1.11 Improper competencies of 
project and program managers 
1.12 Risks arising from the 
application of innovative technical 
and material solutions in the 
portfolio elements 

2.1 Too large a portfolio from 
the point of view of the 
portfolio executors’ capacity 
2.2 Significant portfolio 
fragmentation 
2.3 Overly complicated 
hierarchical structure of 
portfolio management 
2.4 Significant portfolio 
homogeneity 
2.5 Portfolio diversity range 
too wide from the point of 
view of portfolio executors’ 
applied capacity 
2.6 Mismatch between the 
portfolio structure and the 
parent organisation’s strategy 
2.7 Improper portfolio balance 

3.1 Lack of transfer of information and 
knowledge among the portfolio 
elements 
3.2 Improper control over life cycles of 
projects and programs 
3.3 Unavailability of resources 
necessary to execute works within the 
portfolio 
3.4 Lack of coordination of the 
involvement of key resources in the 
execution of the portfolio  
3.5 Relationships among products 
created by the portfolio elements 
3.6 Problems with access to the portfolio 
financing capital 
3.7 Possibility of the lack of financial 
liquidity within the portfolio 
3.8 Portfolio financing collapse 
3.9 Non-compliance of a key element 
strategy with the portfolio’s strategy 
3.10 Conflicts among objectives of 
projects and programs executed within 
the portfolio 
3.11 Conflicts between portfolio 
managers and portfolio element 
managers 
3.12 Lack of involvement of top-level 
and middle-level managers in portfolio 
execution 
3.13 Lack of appropriate competencies 
of the portfolio manager and of the 
portfolio support structures 
3.14 Risks arising from the unknowns at 
the cost estimation of the execution of 
selected portfolio elements 
3.15 Risks related to the personnel 
stability of the portfolio managing team 
and the possibility of losing key 
portfolio element managers 
3.16 Lack of developed methodical 
standards within the scope of portfolio 
management 
3.17 Formulation of fixed-price 
contracts for the portfolio elements 
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During the literature review, a series of project portfolio phenomena were also selected 
[7,9,16–18,20,23,30,33,40,41,56,58–67,68]. These phenomena result from the occurrence of (one or 
more) risk(s) that may occur during the execution of the project portfolio. The first identified 
phenomenon was insufficient control over the environment of the portfolio—this was manifested by 
the appearance in the portfolio environment of new conditions or situations, causing a lack of 
stability of basic parameters of projects and programs completed within the portfolio. The second 
phenomenon was limitation of material and financial resources—manifested by problems with the 
accessibility of resources and their balance, as well as problems with the maintenance of the 
portfolio’s financial liquidity and stability of its financing. The third phenomenon was problems 
with communication within the portfolio—this may be manifested through irregularities in 
processing, aggregating and distributing information, as well as through problems with the transfer 
of knowledge within the portfolio. The fourth phenomenon was the occurrence of interpersonal 
conflicts—this may be manifested by conflicts between the portfolio managers, top level and middle 
level managers, as well as a lack of involvement from top management in portfolio execution. The 
fifth phenomenon was incorrect portfolio structure—usually this results from incorrect portfolio 
volume and structure, which may adversely affect the achievement of strategic objectives. The last 
phenomenon selected was irregularities in portfolio balance—resulting from mistakes in 
prioritisation.  

In order to answer the second research question (RQ2: What risks cause negative portfolio 
phenomena?), the identified risks were connected with the above-described phenomena. These 
actions resulted in the development of six separate theoretical constructs (latent variables), in which 
a direct causal connection between the identified risk and the specific phenomenon was assumed 
(see Table 2). 

Table 2. Description of theoretical constructs. 

Phenomenon Associated Risks Risk Category

P1—Lack of control over the 
environment of the portfolio 

1.1 Occurrence of significant changes in the project 
or program environment 

Component risk 

1.4 Improperly defined priorities for particular 
portfolio elements 
1.7 Lack of developed methodical standards within 
the scope of portfolio element management 
1.10 Occurrence of conflicts between the portfolio 
element managers and the parent organisation’s 
decision-makers 

P2—Limitation of material 
and financial resources 

3.3 Unavailability of resources necessary to execute 
works within the portfolio 

Overall risk 3.7 Possibility of the lack of financial liquidity within 
the portfolio 
3.8 Portfolio financing collapse  

P3—Problems with 
communication within the 
portfolio 

1.5 Disturbances of information flow and 
communication within the elements of the portfolio  

Component risk 

3.1 Lack of transfer of information and knowledge 
between the elements of the portfolio 

Overall risk 

1.6 Ignoring risks taken by portfolio element 
managers 

Component risk 

P4—Occurrence of 
interpersonal conflicts 

1.9 Conflicts between the project and program 
managers within the portfolio 

Component risk 

3.11 Conflicts between portfolio managers and 
portfolio element managers  

Overall risk 

P5—Improper portfolio 
structure 

2.3 Overly complicated hierarchical structure of 
portfolio management 

Structural risk 2.5 Portfolio diversity range is too wide from the 
point of view of the portfolio executors’ applied 
capacity 
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2.6 Mismatch between the portfolio structure and 
the parent organisation’s strategy  

P6—Irregularities in the 
portfolio balance 

1.4 Improperly defined priorities for particular 
portfolio elements  

Component risk 

2.7 Improper portfolio balance  Structural risk 
1.7 Lack of developed methodical standards within 
the scope of portfolio element management 

Component risk 

It was assumed that the first construct (P1), which described the phenomenon of a lack of 
control over the portfolio environment, resulted from the occurrence of significant changes in the 
project or program environment, improperly defined priorities for particular portfolio elements, a 
lack of developed methodical standards within the scope of portfolio element management, and the 
occurrence of conflicts between the portfolio element managers and the parent organisation’s 
decision-makers. This latent variable’s associated risks result in a lack of control over changes in 
basic parameters of portfolio elements and problems with the definition of priorities within the 
portfolio [61,64,68]. Such situations arise when methodological negligence causes problems at the 
meeting point of the portfolio, i.e., the parent organisation [17]. The second construct (P2) described 
the phenomenon of limited access to material and financial resources. It was assumed that the 
components of this latent variable included the risks causing the unavailability of resources 
necessary to execute works within the portfolio [40,60,64], resulting in irregularities in the portfolio's 
financial areas (the possibility of the portfolio financing collapse and the lack of financial liquidity 
within the portfolio) [16,56,70]. The third construct (P3) described the phenomenon of problems with 
communication within the portfolio. It was assumed that this resulted from the disturbances of 
information flow and communication within the elements of the portfolio and from the lack of 
transfer of information and knowledge between the elements of the portfolio [33,60,68], as well as 
from ignoring risks taken by portfolio element managers [13,17,19,20]. The fourth construct (P4) 
described the phenomenon of the occurrence of interpersonal conflicts. It was assumed that this 
latent variable resulted from the conflicts between the project and program managers within the 
portfolio and conflicts between portfolio and portfolio element managers [17,18,20,65]. The fifth 
construct (P5) assumed that improper portfolio structure resulted from an overly complicated 
hierarchical structure of portfolio management, a portfolio diversity range that was too wide from 
the point of view of the portfolio executors’ applied capacity, and the mismatch between the 
portfolio structure and the parent organisation’s strategy [30,66,67,71]. The sixth construct (P6) 
described irregularities in the portfolio balance that resulted from improperly defined priorities for 
particular portfolio elements, improper portfolio balance, and a lack of developed methodical 
standards within the scope of portfolio element management. This variable included the risks 
suggested in the literature, resulting in serious problems with portfolio balance [39,41,56,59,62,66]. 
Confirmation of the existence of these constructs will provide the answer to the second research 
question (RQ2). 

In order to answer the third research questions (RQ3: Do such negative phenomena affect each 
other and how?), connections between the constructs of the project portfolio were analysed. Six 
research hypotheses were formed to describe the predicted relationships between the 
above-described constructs, including the negative phenomena and the risks causing them. They are 
presented below:  

• Hypothesis 1 (H1). The latent variable describing the phenomenon “Improper portfolio structure” (P5) 
has a causal connection with the latent variable describing the phenomenon “Occurrence of interpersonal 
conflicts” (P4). 

• Hypothesis 2 (H2). The latent variable describing the phenomenon “Lack of control over the portfolio 
environment” (P1) has a causal connection with the latent variable describing the phenomenon “Limited 
access to material and financial resources” (P2). 
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• Hypothesis 3 (H3). The latent variable describing the phenomenon “Occurrence of interpersonal 
conflicts” (P4) has a causal connection with the latent variable describing the phenomenon “Problems 
with communication” (P3). 

• Hypothesis 4 (H4). The latent variable describing the phenomenon “Irregularities in the portfolio 
balance” (P6) has a causal connection with the latent variable describing the phenomenon “Limited access 
to material and financial resources”(P2). 

• Hypothesis 5 (H5). The latent variable describing the phenomenon “Lack of control over the portfolio 
environment” (P1) has a causal connection with the latent variable describing the phenomenon 
“Occurrence of interpersonal conflicts” (P4). 

• Hypothesis 6 (H6). The latent variable describing the phenomenon “Problems with communication” (P3) 
has a causal connection with the latent variable describing the phenomenon “Limited access to material 
and financial resources” (P2). 

The research hypotheses were verified through the determination of structural equations to 
mathematically describe the dependencies. The adopted research method assumed, firstly, the 
confirmation of the above-described theoretical constructs, thus facilitating an empirical 
confirmation of the correctness of the theoretical predictions and answering the second research 
question (RQ2). Then, the causal connections among the latent variables were researched, thus 
facilitating the verification of the six research hypotheses indicated above and answering the third 
research question (RQ3). 

4. Project Portfolio Risks and Negative Phenomena Dependencies 

4.1. Sample Description 

At the next research stage, each risk from the list was assessed with regard to the likelihood of 
its occurrence and impact. This assessment was conducted by respondents with professional 
experience in program and project portfolio management [34] (p. 217). Four hundred individuals 
were asked to conduct a project portfolio risk assessment, and 73 of those individuals participated 
(i.e., an 18% response rate) in 2015. 

The level of education in the group of respondents who conducted the assessment was broken 
down as follows: 12% had doctoral degrees (3rd degree studies), 42% had postgraduate degrees 
(including MBAs), 37% were higher education graduates (2nd degree studies), and 7% were 1st 
grade studies graduates. One of the respondents claimed a secondary technical education. In terms 
of professional experience, 8% had 16–25 years of in multi-project management, 15% had 11–15 years 
of such experience, 47% had 5–10 years of experience, and 30% had less than four years of experience 
in multi-project management. Within the group, 64% of respondents were working in service 
enterprises, 21% in production companies, while 11% were in enterprises of a mixed type. Based on 
the characteristics of the research participants, it may be assumed that the research sample included 
individuals who had management experience with various project portfolios, with regard to their 
size, type, and industry. Therefore, a cautious assumption can be made that the results obtained may 
describe the significance level and illustrate relations among risks for the full spectrum of project 
portfolios. 

Respondents assessed particular risks from the list using a special questionnaire published on a 
website. The questionnaire included all of the risks from the list, together with their names and 
descriptions. The listed risks were distributed randomly in the questionnaire, so as not to suggest to 
the experts their affiliation with the component, structural, or overall risk categories [12]. In light of 
the specificity of experts’ professional experience and the consequent necessity of mobility, they 
were able to carry out a risk assessment via computers and other available mobile devices (tablets, 
mobile phones). 
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4.2. Method 

As mentioned above, the assessment that respondents having multi-project management 
professional experience undertook constituted the 36 risks. Operationalisation of every assessed risk, 
according to the approach suggested in the literature on the subject, included two variables: risk 
likelihood and risk impact on portfolio objectives [3] (pp. 143–145), [1] (pp. 91–93), [72] (pp. 242–252), 
[73] (p. 47). The variables were described on the ordinal scale. The risk likelihood variable was 
expressed on a 5-point scale, where: 1 meant very low risk likelihood, 2—low, 3—average, 4—high, 
and 5—very high risk likelihood. The risk impact variable was also assessed on a 5-point scale, 
where: 1 meant insignificant risk impact on portfolio objectives, 2—minor impact, 3—moderate 
impact, 4—major impact, and 5—very high impact on portfolio objectives. Respondents, while 
assessing those variables based on their experience of recently managed programs or portfolios (ex 
post approach), anticipated the likelihood of occurrence and impact of particular risks on objectives 
of a hypothetical portfolio (ex ante approach).  

Described phenomena (i.e., insufficient control over the portfolio environment, limited material 
and financial resources, information flow disturbances, occurrence of interpersonal conflicts, 
improper portfolio structure, and irregularities in the portfolio balance), together with the associated 
risks, were treated as theoretical constructs (latent variables). Then, relations within the construct 
(between risks and the latent variable) and interdependencies among latent variables (i.e., 
phenomena) suggested in the literature were tested and confirmed, while the match between models 
and the obtained empirical data was tested as well [29,74]. This allowed for the confirmation of 
interdependencies between the identified project portfolio risks that had been foreseen in theory. 
The fit of the models with the empirical data were evaluated using Chi-Square (χ2), Root Mean 
Square Error Approximation (RMSEA), and the Comparative Fit Index (CFI). The χ2 statistic is used 
to test the alternative hypothesis of no fit, assuming a perfect model fit. Thus, the value of the test 
statistic will be statistically insignificant, i.e., p > 0.05, for a good-fit model. We must bear in mind, 
however, that numerous analyses indicated that these statistics were not of key importance. 
Conversely, a value of RMSEA < 0.05 confirms good model fit. In turn, RMSEA within the 0.06–0.08 
range points to a satisfactory model fit, while RMSEA within the 0.08–0.10 range indicates 
inadequate model fit. RMSEA > 0.10 means that the model poorly fits the empirical data. The group 
of absolute measures also includes the Comparative Fit Index. In older works, values of this 
indicator ≥ 0.90 describe models which fit the empirical data well. Analysis of current literature 
shows that CFI values ≥ 0.95 are now considered necessary for a well-fitting model [29,75,76]. 

Risk likelihood constituted the variable applied to determine a co-variance matrix. An 
assumption was made that if, together with an increase in the likelihood of occurrence of one risk, 
the likelihood of occurrence of another risk increased, the occurrence of one risk increased the 
likelihood of another risk occurring. 

For all applied tests, the threshold significance level p = 0.05 was adopted. 

4.3. Results 

In the figures that follow, values over arrows within the constructs (pointing to the left and 
right from the phenomenon toward their associated risks) and between them correspond to the 
co-variance coefficient for standardised variables. The co-variance coefficient is similar to the 
correlation coefficient, which explains why its interpretation is similar [77]. The first model (see 
Figure 1) assumed the impact of an incorrect portfolio structure on the occurrence of interpersonal 
conflicts. For this model, the χ2 p-value was 0.395, the RMSEA factor was 0.017, and the 
goodness-of-fit index CFI was 0.999. Thus, there was a good match between the model and empirical 
data 
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Figure 1. Graphical representation of model no. 1. 

Model no. 1 presented above assumes (research hypothesis H1) that improper portfolio 
structure (P5) (which may be caused by an overly complicated hierarchical structure of portfolio 
management (2.3), excessively wide portfolio diversity from the point of view of applied capacity 
(2.5), and a mismatch between the portfolio structure and the parent organisation’s strategy (2.6)) 
increases the likelihood of occurrence of interpersonal conflicts (P4) (including conflicts between 
project and program managers within the portfolio (1.9), as well as conflicts between portfolio 
managers and portfolio element managers (3.11)). While analysing the model, it may be stated that 
irregularities in the portfolio structure may significantly (co-variance coefficient = 0.509) impact the 
occurrence of interpersonal conflicts. The Table 3 contains equations describing the model 
presented. 

Table 3. Equations describing the structural model no. 1. 

 Estimate Std. Err Z-Value P(>|z|) Std. lv Std. all
Latent variables:

fac1 =~       
y3 1.000    0.678 0.672 
y5 0.885 0.280 3.160 0.002 0.600 0.612 
y6 0.612 0.205 2.983 0.003 0.414 0.519 

fac2 =~       
x9 1.000    0.758 0.898 
z11 0.943 0.289 3.260 0.001 0.715 0.725 

Regressions:
fac2 ~       
fac1 0.570 0.207 2.753 0.006 0.509 0.509 

The second proposed model (Figure 2) assumes that a lack of control over the portfolio 
environment implied the occurrence of limited access to material and financial resources. In that 
model, the following assumption was tested: namely, that the likelihood of occurrence of the latent 
variable “Lack of control over the portfolio environment” increased the likelihood of occurrence of 
the latent variable “Limited access to cost and financial resources.” For this model, the χ2 (p-value) 
was 0.201. The RMSEA index was 0.065, indicating a satisfactory model match. In turn, the CFI index 
was 0.967, demonstrating a good match between the model and the empirical data 
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Figure 2. Graphical representation of model no. 2. 

The model presented above assumes (research hypothesis H2) that a lack of control over the 
widely understood portfolio environment (P1) (which is a consequence of significant changes in the 
project or program environment (1.1), incorrectly defined priorities for particular portfolio elements 
(1.4), a lack of developed methodical standards within the scope of portfolio element management 
(1.7), and conflicts between portfolio element managers and the parent organisation’s 
decision-makers (1.10)) increases the likelihood of limited access to material and financial resources 
(P2) (resulting in the unavailability of resources necessary to perform work within the portfolio (3.3), 
possible occurrence of a lack of financial liquidity within the portfolio (3.7), and portfolio financing 
collapse (3.8)). The value of the co-variance coefficient (0.680) allows us to reach the conclusion that a 
lack of control over the portfolio environment usually results in limited access to material and 
financial resources. The Table 4 presents equations that mathematically describe the discussed 
phenomena. 

Table 4. Equations describing the structural model no. 2. 

 Estimate Std. Err Z-Value P(>|z|) Std. lv Std. all 
Latent variables: 

fac1 =~       
x1 1.000    0.433 0.453 
x4 1.212 0.413 2.934 0.003 0.525 0.561 
x7 1.410 0.449 3.144 0.002 0.611 0.663 

x10 1.630 0.515 3.162 0.002 0.706 0.675 
fac2 =~       

z3 1.000    0.460 0.507 
z7 2.400 0.599 4.005 0.000 1.103 0.984 
z8 1.283 0.328 3.917 0.000 0.590 0.607 

Regressions: 
fac2 ~       
fac1 0.722 0.289 2.494 0.013 0.680 0.680 

The third proposed model (in two variants: 3a and 3b) assumes that the occurrence of 
interpersonal conflicts contributes to the occurrence of problems with communication (research 
hypothesis H3). Therefore, in both models, the following assumption was tested: the likelihood of 
the occurrence of “Occurrence of interpersonal conflicts” increased the likelihood of the occurrence 
of “Problems with communication.” 

For model 3a, the χ2 p-value was 0.445. The value of the RMSEA index was 0, while the CFI 
index came to 1, thus demonstrating a good match with the model.  
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Figure 3 Graphical representation of model no. 3a. 

As can be seen above (Figure 3), model 3a assumes that the occurrence of interpersonal conflicts 
(P4) (consisting of conflicts between project and program managers within the portfolio (1.9) and 
conflicts between portfolio managers and portfolio element managers (3.11)) increases the likelihood 
of occurrence of problems with communication within the portfolio (P3) (including disturbances in 
information flow and communication within the portfolio elements (1.5), lack of transfer of 
information and knowledge among portfolio elements (3.1), and portfolio element managers 
ignoring risks (1.6)). The value of the co-variance coefficient (0.516) between the two latent variables 
tested allows us to reach the conclusion that the occurrence of interpersonal conflicts usually results 
in the occurrence of problems with communication within the portfolio (see Table 5). 

Table 5. Equations describing the structural model no. 3a. 

 Estimate Std. Err Z-Value P(>|z|) Std. lv Std. all
Latent variables:

fac1 =~       
x9 1.000    0.845 1.000 
z11 0.760 0.229 3.314 0.001 0.642 0.651 

fac2 =~       
x5 1.000    0.695 0.676 
x6 0.967 0.216 4.477 0.000 0.672 0.663 
z1 1.072 0.226 4.731 0.000 0.744 0.796 

Regressions:
fac2 ~       
fac1 0.424 0.162 2.616 0.009 0.516 0.516 

The figure and equations shown below describe the relationships among latent and observable 
variables in the model 3b. In this model, the χ2 (p-value) was 0.647, the value of the RMSEA index 
was 0, and the CFI index was 1, demonstrating a good match with the model.  

 
Figure 4 Graphical representation of model no. 3b. 
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Model 3b (see Figure 4) is an extension of the previously presented model 3a. It considers cause 
and effect interdependencies between two latent variables “Occurrence of interpersonal conflicts” 
(P4) and “Problems with communication” (P3) and the risk “Lack of involvement of top-level and 
middle-level managers in the portfolio execution” (3.12). This model may be interpreted as follows: 
occurrence of interpersonal conflict results in problems with communication and a lack of 
involvement of managers in portfolio execution. Occurrence of problems with communication 
increases the tendency for a lack of involvement of managers in the portfolio execution. While 
looking at the values of co-variance coefficients among these variables, a weak connection between 
both latent variables tested and the latent variable “Occurrence of interpersonal conflicts” and risk 
3.12 have been established for this model (see Table 6). Also, there is a moderate interdependency 
between the latent variable “Problems with communication” and risk 3.12 (value 0.458). 

Table 6. Equations describing the structural model no. 3b. 

 Estimate Std. Err Z-Value P(>|z|) Std. lv Std. all
Latent variables:

fac1 =~       
x9 1.000    0.853 1.010 
z11 0.745 0.221 3.368 0.001 0.636 0.644 

fac2 =~       
x5 1.000    0.716 0.697 
x6 0.961 0.202 4.744 0.000 0.688 0.679 
z1 0.992 0.196 5.070 0.000 0.710 0.760 

Regressions:
fac2 ~       
fac1 0.308 0.138 2.236 0.025 0.367 0.367 
z12 0.300 0.087 3.440 0.001 0.419 0.458 

fac1 ~       
z12 0.255 0.085 2.982 0.003 0.299 0.326 

Model 4 assumes that irregularities in the portfolio balance cause limited access to material and 
financial resources (research hypothesis H4). In this model, the following assumption was tested: the 
likelihood of occurrence of “Irregularities in the portfolio balance” (P6) increased the likelihood of 
occurrence of “Limited access to material and financial resources” (P2). In model no. 4, the χ2 
p-value was 0.111. The value of the RMSEA factor was 0.093. This means that there is a poor match 
between the model and the empirical data. The CFI index was 0.945, thus indicating a good match 
with the model. With regard to these results, it was decided to adopt a theoretical model. The fact 
that it didn’t fit the empirical data as well as the previously presented models did was taken into 
consideration. A scheme representing model 4 is shown below (see Figure 5). 

 
Figure 5. Graphical representation of model no. 4. 
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The model presented above assumes that irregularities in the portfolio balance (P6) (which 
results from incorrectly defined priorities for particular portfolio elements (1.4), lack of developed 
methodical standards within the scope of portfolio element management (1.7), and incorrect 
portfolio balance (2.7)) increase the likelihood of limited access to material and financial resources 
(P2) (including the unavailability of resources necessary to perform work within the portfolio (3.3), a 
possible occurrence of the lack of financial liquidity within the portfolio (3.7), and portfolio financing 
collapse (3.8)). The value of the co-variance coefficient (0.718) allows us to reach the conclusion that 
irregularities in the portfolio balance usually result in limited access to material and financial 
resources. The table below presents equations that mathematically describe the discussed 
phenomena (see Table 7). 

Table 7. Equations describing the structural model no. 4. 

 Estimate Std. Err Z-Value P(>|z|) Std. lv Std. all
Latent variables:

fac1 =~       
x4 1.000    0.580 0.619 
y7 0.732 0.285 2.567 0.010 0.424 0.401 
x7 0.918 0.279 3.294 0.001 0.532 0.577 

fac2 =~       
z3 1.000    0.461 0.508 
z7 2.371 0.602 3.938 0.000 1.093 0.975 
z8 1.295 0.331 3.917 0.000 0.597 0.614 

Regressions:
fac2 ~       
fac1 0.570 0.220 2.590 0.010 0.718 0.718 

Finally, the fifth and sixth models, which were used to test research hypotheses H5 and H6, 
respectively, were not confirmed. The first model (testing H5) assumes that the lack of control over 
the portfolio environment (the latent variable P1, which included risks 1.1, 1.4, 1.7, and 1.10) results 
in the occurrence of interpersonal conflicts (P4, which included risks 1.9 and 3.11). The second model 
(testing H6) assumes that the problems with communication (P3, which included risks 1.5, 3.1, and 
1.6) causes limited access to resources (P2, which included risks 3.3, 3.7, and 3.8). The computations 
concluded that they were statistically insignificant. The Table 8 contains parameters of the all tested 
models. 

Table 8. Comparison of the developed and tested models. 

Model Hypothesis Co-Variance 
Coefficient p-Value RMSEA CFI Statistically * 

Significant
Model 1 H1 (P5 –> P4) 0.509 0.395 0.017 0.999 Yes 
Model 2 H2 (P1 –> P2) 0.680 0.201 0.065 0.967 Yes 

 Model 3a H3 (P4 –> P3) 0.516 0.445 0.000 1.000 Yes 
 Model 3b H3 (P4 –> P3) 0.367 0.647 0.000 1.000 Yes 

Model 4 H4 (P6 –> P2) 0.718 0.111 0.093 0.945 Yes 
Model 5 H5 (P1 –> P4) - 0.715 0.000 1.000 No 
Model 6 H6 (P3 –> P2) - 0.982 0.000 1.000 No 

* α = 0.05. 

4.4 Findings 

The research verified assumptions concerning the relationships between negative phenomena 
and the risks causing those phenomena for a hypothetical project portfolio. The first structural 
model describing the relationship between irregular portfolio structure (P5) and the occurrence of 
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interpersonal conflicts (P4) is statistically significant and well-adjusted to empirical data (χ2 p-value 
= 0.395, RMSEA = 0.017, CFI = 0.999). The co-variance coefficient was 0.509. It is interpreted much 
like the correlation coefficient [77], and, as such, it indicates a strong causal connection between P5 
and P4 and positive verification of the first research hypothesis (H1). The second analysed model 
assumes that the lack of control over the portfolio environment (P1) might result in limited access to 
material and financial resources (P2). The relationship was found to be statistically significant and 
well-adjusted to the empirical data (χ2 p-value = 0.201, RMSEA = 0.065, CFI = 0.967). In this model, 
the co-variance coefficient between the latent variables was 0.680, which confirmed a strong causal 
connection between those variables. It also verified the second research hypothesis (H2). The third 
model presented describes the impact of interpersonal conflicts (P4) on problems with communication 
(P3). The analysed model is statistically significant and well-adjusted (χ2 p-value = 0.445, RMSEA = 0, 
CFI = 1). In this model, the co-variance coefficient was 0.516, which confirmed the causal connection 
between the latent variables and, hence, the third research hypothesis (H3). A variant of this model, 
which extends the perception of these two phenomena through a connection of risks causing a lack 
of commitment of middle and high-level managers to the portfolio execution, is also correct (χ2 
p-value = 0.647, RMSEA = 0, CFI = 1). It should be emphasised, however, that the relationships 
between latent variables and risk 3.12 identified in this model are more tenuous. The last model 
presented validates the fourth research hypothesis (H4), suggesting that irregularities in portfolio 
balance (P6) would result in limited access to material and financial resources (P2). The model 
appears to be statistically relevant and adjusted to the empirical data to a satisfactory degree (χ2 
p-value = 0.111, RMSEA = 0.093, CFI = 0.945). 

The other two models, the first of which assumes that insufficient control over the portfolio 
environment (P1) would result in the occurrence of interpersonal conflicts (P4), and the second of 
which assumes that problems with communication (P3), would result in limited access to material 
and financial resources (P2); although adjusted to the empirical data to a satisfactory degree (for the 
first: χ2 p-value = 0.715, RMSEA = 0, CFI = 1, and for the second: χ2 p-value = 0.982, RMSEA = 0, CFI = 
1), it appeared to be statistically irrelevant. Hence, the fifth (H5) and sixth (H6) research hypotheses 
could not be confirmed.  

The research method assumed the existence of causal connections between the phenomena 
described by the latent variables and the risks connected with them. Thus, the confirmed existence of 
theoretical constructs describing negative phenomena and the risks causing them provided an 
answer to the second research question (RQ2). The verification of the research hypotheses describing 
the assumed relationships between constructs describing negative phenomena occurring within the 
project portfolio produced an answer to the third research question (RQ3). 

5. Conclusions 

Due to the application of a statistical procedure, i.e., the modelling of structural equations, the 
authors’ suppositions, based on theory and concerning relationships between identified project 
portfolio risks and negative phenomena, were confirmed. Using the applied research procedure, 
theoretical models were developed and then statistically tested with regard to their match with 
obtained empirical data. Only relationships predicted by the researchers based on an analysis of the 
available literature were studied. Four of the six proposed theoretical models (i.e., models 1, 2, 3a, 3b, 
and 4) appeared to be statistically significant and well matched to the empirical data, confirming the 
first four research hypotheses (H1–H4). Two models (i.e., models 5 and 6) were not confirmed. The 
computations conducted to find the level of match between those models and the empirical data 
indicated that the fits were statistically insignificant. Hence, it was not possible to confirm the fifth 
and sixth research hypotheses (H5, H6). Therefore, in the course of the research, answers to the 
second and third research questions (RQ2 and RQ3) were obtained. 

A cognitively interesting direction of future research may be an analysis of the relationship 
between the risks characteristic of various types of project portfolios (e.g., technical, IT, and research 
and development). The research described in this paper distinguished risk at a very general level in 
order to convey universally the interactions of different types of project portfolio risk. This process 
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was intentional and its objective was to allow cognition and understanding of phenomena foreseen 
in the literature. It is also possible that the research results will enable researchers to test the 
proposed models under different conditions (e.g., while studying different types of relationships 
between the identified risks) or test more developed models based on the interdependencies studied 
and described in this paper. In addition, it would seem that the obtained results also have practical 
applications. For project portfolio managers, the risk list developed on the basis of theoretical studies 
may constitute a starting point for an extension to new risks specific to their enterprises. Having at 
their disposal knowledge of the significance level of particular risks and, most importantly, of the 
statistically defined interdependencies among risks and negative phenomena, portfolio managers 
will have an improved understanding of the interdependencies among risks identified in a portfolio. 
In the opinion of the authors, this knowledge will enable portfolio managers to develop and test 
models describing project portfolio risks and the interdependencies between them, adjusted to the 
specificity of a particular enterprises’ activity. The application of such models, supported by IT 
solutions, will enable organisations to simulate the results of a specific risk occurrence at the stage of 
portfolio planning. 
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