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Abstract:

Project Portfolio Risk Management (PPRM) has been identified as a relevant area regarding project portfolio success.
This paper reports on a structured literature review of PPRM. A structured search and selection process was carried out
and conventional content analysis was conducted in the literature analysis of 62 papers published in international
journals. PPRM has its theoretical and practical bases in the modern theory of portfolios, decision theory and risk
management (RM). The content analysis reveals four main recurrent topics in PPRM: (1) The influence of RM on
project portfolio success, based on project portfolio impact level, moderators or contingency factors between RM and
project portfolio success, and PPRM dimensions; (2) risk and project interdependencies, highlighting resources,
technology, outcome, value, and accomplishment project interdependencies; (3) project portfolio risk (PPR)
identification, where four main risk source categories are identified; and (4) PPR assessment, composed of risk
measures and the main methods used for risk assessment. Therefore, this study provides an overview of PPRM as a
research field, while it also promotes four future research directions: (1) PPRM as part of organizational RM; (2) RM,
success dimensions and strategic impact; (3) mechanisms for PPR assessment, and (4) PPRM as a complex and
dynamic system.
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Project portfolio risk management: a structured literature review with future directions for research

1. Introduction

Project Management (PM) has gained increasingly more attention in organizations, generating a greater allocation of
human and financial resources, organizing work into projects, increasing the number of projects to be implemented and
establishing a relationship between projects and the organization’s strategy, as well as expanding the scope and
complexity of PM [1]. In this context, Project Portfolio Management (PPM) emerged, representing the coordinated
management of a set of projects carried out by a specific organization, which allows for strategic management of the
projects, throughout which scarce resources are balanced, and for guiding the portfolio to achieve strategic benefits [2-
5]. Nevertheless, the positive impacts in the organization may not be as expected due to project and portfolio risk effects
[6]. Therefore, one key area for PPM is risk management (RM) [7, 8].

The literature shows that managing risks only at the level of projects is not sufficient because a strategic and holistic
view of risk is not considered [9, 10]. It does not include other important considerations about RM in its own project
portfolio environment [6, 7, 10], or the effect generated by the interdependencies between projects and between risks [9,
11]. Project portfolio risk has been studied from different perspectives, for example from project portfolio selection
with risk considerations[12, 13] and from project portfolio execution [9], as well as from the point of view of project
portfolios in project-based companies, such as technology information portfolios [14-16], oil and gas production
portfolios [17] and construction project portfolios [18]. It has also been studied from the perspective of project
portfolios associated with organizational strategic development or generic portfolios [7, 12, 19, 20]. The above
evidences that RM applied to project portfolio decisions is of interest and relevance for the different types of project
portfolios identified in organizations.

Thus, a body of literature concerning Project Portfolio Risk Management (PPRM) has been generated, providing
knowledge and understanding about objectives, features, and the impacts of PPRM. In this regard, a structured analysis
of the literature would allow an overview of the current state of PPRM to be obtained, and a systematic classification of
the progress to be made in acquiring knowledge in the PPRM field, thus contributing to a better understanding of the
current issues and to the identification of the possible future research opportunities open to PPR researchers. Therefore,
this research intends to contribute towards outlining PPRM as a research field, for which two research questions were
formulated: (1) What are the main topics and debates in the literature on PPRM? (2) How can future research expand
the PPRM research area? A structured review of the literature on PPRM was carried out and Content Analysis (CA) was
conducted in order to answer the research questions. While it is recognized that projects, programs and portfolios are
interrelated [21, 22], the scope of this literature review was limited only to RM applied to project portfolios.

The remainder of the paper is organized as follows. Section 2 presents the PPRM conceptualization adopted in this
research study. In Section 3, the methodology used in the literature search and analysis process are reported. The
findings are described in Sections 4 and 5. Section 4 presents analysis of the 62 papers that met the inclusion criteria,
which lead on to a description of four recurrent topics identified in the literature on PPRM, while in Section 5 future
directions for research are identified and described. Finally, the conclusions are summarized in Section 6.

2. Project portfolio risk management conceptualization

A project portfolio is a collection of single projects and programs that are carried out in an integrated way, through
which an organization seeks to achieve its strategic objectives, by managing the interfaces between projects and
balancing scarce resources across projects and programs, as well as risks and benefits [7, 23]. In this regard, Bathallath
et al. [24] highlight the importance of project interdependency management in the success of project portfolios. From a
PPM process perspective, three generic, interdependent and recursive main phases are described in the literature [25,
26]: portfolio structuring, resource management and portfolio steering. Portfolio structuring is associated with strategic
planning cycles, which include portfolio planning, and the selection of projects according to the organization’s strategy.
Resource management implies resource allocation across projects, with the resource management carried out in an
integrated way. Portfolio steering comprises a permanent execution and coordination of the portfolio, monitoring the
different aspects defined as key aspects for each portfolio.
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Establishing the difference between the concepts of risk and uncertainty is of the greatest importance because this
determines the RM scope, as well as defining the characteristics of the risk assessment and the design of response
strategies [7, 11, 14, 27]. Different risk perspectives have been identified in the project portfolio context: a first
perspective proposes that the variability that can be quantified in terms of probabilities is considered as risk, while the
variability that cannot be quantified at all is best thought of as uncertainty [28]. In this perspective, risk and uncertainty
represent outcomes. A second perspective proposes that all uncertainty components can be measured and split in three
components: insignificant events (events without major effects on the project portfolio), positive events, and risk events,
where the latter are those that can threaten project portfolio success [11]. A third perspective proposes risk as a
consequence of uncertainty, this approach being quite popular [7]. This third perspective has been widely used in
project portfolio selection with risk considerations, where the uncertainty is represented using stochastic variables.
These denote the inputs, while the risk is the output that represents the extent to which the expected results are affected
as a consequence of the behavior of the inputs [29-32]. In all the approaches identified, the risk is characterized by its
measurable attributes, such as probability distribution, occurrence likelihood or impact [11, 20, 33].

RM is concerned with how decision-makers define the type and level of risks that they consider appropriate for each
decision at each time. RM is, therefore, focused on how to make choices concerning risks, considering the possible
reward and its possibility of success by means of managing people, processes, data, and projects [28, 34]. In this regard,
previous studies show the limitations of the traditional RM approach, since it is oriented to individual projects, ignoring
the integration levels and the interaction of information, while the domain of PPRM allows RM activities to be
consolidated, thus avoiding a duplication of effort and resources [6, 7, 9]. The origins of PPRM can be traced to the
works of Markowitz [35]. Hofman et al. [7], Sanchez and Robert [36], and Teller [27], among others, has identified
PPRM as one of the fundamental areas of work and research in PPM, and as a fundamental topic in relation to project
portfolio success.

Consequently, this research has adopted the perspective that PPRM must focus, among other things, on the
identification and balance of the risks of the project portfolio, while seeking to maximize the value delivered to the
company, reflected in the impact achieved on strategic goals. As such, PPRM must focus on reducing negative risk
impacts and potentializing opportunities, while considering and evaluating the interdependencies among risks and
among projects, as well as the management capabilities of the organization [7, 9, 11, 37].

3. Methodology

3.1 Research design

This study follows a structured literature review process. In the PM field, structured literature reviews have been
adopted, among others, by Araujo et al. [38], Laursen and Svejvig [39], and Miterev et al. [40]. Svejvig and Andersen
[41] summarized the literature review process in five steps: planning and scope definition; conceptualization of topic;
searching, evaluating, and selecting literature; literature analysis; and report and disseminate. Fig. 1 summarizes the
literature review process.

3.2 Data collection

In the planning and scope definition step, it was defined that only articles published in scientific journals would be
considered. According to Rowley and Slack [42], in professional disciplines, articles in scholarly and research journals
should form the core of the literature review, since this literature source has been peer-refereed prior to acceptance for
publication, and contains critical treatment of concepts and models. The articles selected should include PPRM as their
main topic or, if the main topic is not PPRM, their main objective should show a specific and explicit relationship with
PPRM. It was also defined that the literature search would be carried out using the SCOPUS and Web of Science -WoS-
databases, given that they cover a wide range of peer-reviewed and high quality scientific journals.
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Some publications, such as Hallgren [43] and Soderlund [44], carried out their literature review process based,
respectively, on the most relevant journals related to project management and on management and organization journals
outside the conventional project management publications. However, and similarly to Laursen and Svejvig [39], the
literature review carried out in this study had the goal of including a wider range of publications related to PPRM, and
therefore the scope of the search process was not restricted to specific journals.

Data collection i Data analysis
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Fig. 1. Structured literature review

The second step is associated with conceptualization of topic, for which RM, PPM, and PPRM were conceptualized as
key concepts, as well as the risk and uncertainty approaches in the PPRM context. Project portfolio selection with risk
considerations is a research topic that has seen important developments and it represents the beginning of RM being
applied to project portfolio decisions, with Markowitz’ work seminal in the area [28]. The main publications used
specifically to conceptualize the PPRM topic were: [2, 7, 9, 45-47].

Selecting literature corresponds to the third step. Based on the contextualization of the topic, it was defined that, for
papers related to PPR applied to portfolio execution, in its function as an emergent topic [6, 7, 9, 27], the year filter
would not be applied. Although, for project portfolio selection with risk considerations, the year filter selected was 2015
onwards (up to the end of December 2018), since this is a topic with a large number of publications, and according to
Dobrovolskiene and TamoSiuniene [48] earlier works are generally included in the latest research. The keywords
identified as part of the conceptualization of topic were used in an iterative evaluation of different search strings. The
string search that best grouped the publications on PPRM was “project portfolio” and “risk” in the categories of
keywords, title and abstract.

349 works that met the search equation used were identified in SCOPUS and 121 in WoS. Selecting only words
published in academic journals and discarding paper duplicates between databases, 212 publications were identified.
Applying the year constraint defined in the planning and scope definition step (2015 - 2018) for project portfolio
selection with risk consideration publications, coupled with the abstract and introduction section reading of the papers
selected, 62 papers were selected for the literature analysis process (30 related to project portfolio selection with risk
considerations and 32 associated with PPR applied to project portfolio execution). Table 1 presents the five journals in
which more than one paper was selected, representing a total of 18 of the 62 papers selected for this study.

The remaining 44 papers were each published in a different journal, such as ‘Operations research’, ‘Omega (United
Kingdom)’, ‘Production and operations management’ or ‘International journal of fuzzy systems’, among others. The
publications selected are identified with the character ‘*’ in the list of references.
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Table 1. Journals in which more than one paper published

Journal Number of publications

Project Management journal 6
International Journal of Project Management
Sustainability (Switzerland)

International Journal of Managing Projects in Business

International Journal of Information Systems and Project Management

N NN W

International Journal of Project Organisation and Management

3.3 Data analysis

Literature analysis was based on CA. CA allows for the interpretation of the meaning or usage of written data,
organizing information into relevant categories for each specific research work, and establishing an understanding of
the topic being studied [49, 50]. Three main approaches can be used to conduct CA: conventional, summative, or
directed [49]. Summative CA is the most quantitative approach, seeking as it does to explore the contextual use of
words, and the findings may be explained using descriptive statistics associated with the frequency of use of particular
words or phrases in specific contexts. Directed CA requires that data codes and categories be defined in order to apply
them deductively to code the data; as a fundamental purpose, it adds credibility to a theoretical framework or
conceptually extends a theory. Conventional CA “provides a much more comprehensive picture of the phenomenon,
through new insights exclusively grounded in the data, than the other two types” [49, p. 830].

In this regard, conventional CA was implemented for the literature analysis reported in this paper. Conventional CA is
the most inductive type of CA, it being a descriptive approach [49]. In this approach preconceived categories are not
defined; conversely, categories and new insights emerge from critical and reflexive analysis [49, 50]. In order to
identify recurrent overarching topics and future directions, a sequential cumulative process was implemented. The
literature analysis was based on a chronological analysis of the publications (from oldest published papers to most
recent papers), and, for each analyzed publication, one or more preliminary categories and subcategories associated to
current topics and related to future directions were identified.

To the extent that publications were analyzed, the categories identified (both recurrent topics in PPRM and future
directions of PPRM) from each paper were contrasted among categories identified in the publications analyzed
previously, defining a preliminary set of categories and their composition and attributes. To carry out this analytic
process, a set of five papers were analyzed for each analysis cycle, and, once the preliminary categories were
established, a new analysis cycle was carried out based on the next five papers.

As part of the literature analysis cycles, sometimes it was necessary to re-analyze some papers previously analyzed, in
order to confirm, extend, or redefine the information established from those papers regarding the possible new
categorization structure. Thus, as publication analysis progressed, it was necessary to define, add, merge, divide, or
reconstruct the categories or the subcategories in accordance with the new information obtained from each newly
analyzed publication, forthwith until a final categorization was reached.

Once a final categorization had been defined, the information regarding subcategories was analyzed in order to obtain a
consolidated description of each general category, both regarding recurrent topics in PPRM and future directions of
PPRM. The results concerning recurrent topics and future directions are shown in sections 4 and 5 respectively, in
which each final established category corresponds to one subsection of each section.

In order to define the categories regarding recurrent topics in PPRM, for each publication the following issues were
analyzed: the general problem that framed each study, the specific research question or research objective documented,
and the background reported. Then, the method, approach, or methodology developed or applied and the results of each
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study were analyzed, on the one hand, regarding the respective research objective, and, on the other hand, regarding a
general perspective of PPRM as a research field.

To complement this, the analysis carried out regarding the general problem and the specific research question or
research objective became an input for the identification of future directions. Thus, general research problems identified
and RM requirements were contrasted with the results described in each paper analyzed, in order to identify and
consolidate the future directions of PPRM. So, based on that information, a specific analysis of the limitations,
assumptions, conclusions, or future directions reported by each publication or identified as part of the paper analysis,
was carried out.

4. Analysis of project portfolio risk management

In order to answer the first research question: “What are the main topics and debates in the literature on PPRM?°, four
main categories (topics) were derived from the inductive analysis, providing knowledge and understanding of the
relevant concepts, approaches and methods regarding PPRM, so that it is natural that the categories present some
overlapping between them. The main current topics identified were ‘Influence of RM on project portfolio success’,
‘Risk and project interdependencies’, ‘PPR identification and categorization’, and ‘PPR assessment’.

4.1 Influence of RM on project portfolio success

Portfolio value cannot be measured only in monetary terms; it is also necessary that other measures and strategies to
assess strategic impact be identified [19]. Table 2 summarizes the categories identified in the literature associated with
RM and its relation and influence on project portfolio success.

Table 2. Categories of influence between RM and project portfolio success

Categories Subcategories References
Project portfolio impact Company strategic objectives and project portfolio expected results  [19, 36, 51]
level PPM objectives or project portfolio success dimensions [9, 27]

Risk transparency

Moderators or contingency  Risk management quality Risk coping capacity [8, 27]
factors between RM and .
project portfolio success RM efficiency
External turbulence and Portfolio dynamics [6]
Role Clarity
Formalization
PPRM dimensions Risk management process [8, 27, 52]

Integration of risk management

Risk management culture

A concept related to portfolio risk and portfolio success is ‘portfolio health’, which represents the level of the project
portfolio’s performance in each evaluation period [36, 53]. Project performance analysis based on project success key
indicators is considered as part of project health analysis [29]. As such, a healthy portfolio achieves adequate
performance in its projects and at the portfolio level. In this regard, risks and unappropriated RM decisions could
impact portfolio health [47]. Finally, in project-oriented companies, the PPR analysis is equivalent to the corporate or
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operative risk analysis, because in this type of organization project portfolio success is directly associated with business
operation success, since, in these companies the project portfolio is the central axis of operations [9, 15, 54].

4.2 Risk and project interdependencies

Although integration and cooperation between projects in a portfolio can increase efficiency, this, in turn, requires
greater effort in PPRM because it also generates an increase in PPR [55]. Risks that can otherwise be considered as
having a low impact on an isolated project may be correlated with the occurrence of the same risk in other projects in
the portfolio, as well as with the materialization of other risks in the same project or in other projects [56]. The
difference between correlation and interaction was an important aspect identified in the study, since the effect on PPR is
significantly different for each case [57].

Interdependencies between projects are common, either in technical aspects related to project execution, or in
commercial aspects associated with business issues. Interactions or synergies between projects can bring positive or
negative contributions to the expected benefit and, as a whole, to the project portfolio [57, 58]. In temporal terms, two
types of relationships between projects have been defined: inter-temporal or dependencies, associated with the impacts
generated from the execution of previous projects; and intra-temporal or interdependencies, related to the common
aspects between projects [9, 54, 59]. The relationship between projects can also be divided into inputs for PPM and
outputs for project portfolio [11, 19]. Based on the works of Heinrich et al. [59], Olsson [54], Sanchez et al. [19], Guan
et al. [11], Ghasemi et al. [9] and Neumeier et al. [55], Table 3 synthetizes the type of project interdependencies.

Table 3. Categorization of project interdependencies

Inter- Intra-
temporal temporal
Resources: Sharing resources between projects X
Input Technology: Using a specific technology in several projects X
Outcome: Using the end result, knowledge or capabilities gained from other projects X
Value: Total value of two projects being greater or less than the sum of their individual values
Outut Accomplishment: Increase of probability of success of a project as a result of undertaking another project X

4.3 PPR identification and categorization

The concept related to systematic risks and non-systematic risks, derived from the Modern Portfolio Theory, is
presented as the basic conceptual factor with regard to a project portfolio’s risk sources [15, 53]. Project portfolio non-
systematic risk, or independent risk, corresponds to the inherent risks of each project, while systematic risk, or
interdependence risk, is related to the project portfolio’s exposure to environmental and market conditions,
corresponding to risks that affect the portfolio globally. However, systematic risk has two permutations in the literature:;
on the one hand, it is exclusively associated with environmental factors [15], while, on the other hand, apart from
environmental factors, it includes risks from the relationships between projects [53].

Interdependent risks can generate two impacts. On the one hand, risk integration generates PPR reduction, but, on the
other hand, new risks arise from the interaction, thus generating an increase in PPR [11]. For this reason, ‘systematic
risks’ and ‘non-systematic risks’ represent a dichotomist risk categorization that allows for the establishment of the
level (project or portfolio) at which the portfolio can be impacted, or impact level.

Regarding risk sources in the PPM context, different risk categorization structures have been proposed [7, 9, 11-13, 16,
17, 20, 53, 60], for both generic project portfolios and for specific project portfolios, such as those in IT, construction,
or new product development projects. Risk categories identified by these authors are associated to a project portfolio’s
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level of risk source, without representing a specific relationship to the extent of impacts on the portfolio in general or
only on some projects within the portfolio. Table 4 synthetizes the four risk source categories, under which more
specific sub-groups of portfolio risk sources can be classified.

Table 4. PPR categories and subcategories

Category Subcategories

Project Inadequate aggregation and distribution of information, portfolio imbalance and stakeholder management [9, 20].

portfolio Conflicts among managers of projects, conflicts among portfolio element managers and the company’s senior managers,
management conflicts between stakeholders or organizational culture adverse to change [20, 53].

level Lack in project portfolio management capabilities [9, 20, 53].

Project Resource interdependencies and lack of sufficient resources [9, 13, 20].

interactions Relationship between projects where developing one of them depends on one or more outputs from another project [11, 53].
External Supplier and contracts [16, 60].

conditions Changes in external conditions, such as norms, competitive environment, policies, or economic conditions [12, 16, 17, 60, 61].

Improper portfolio structure, structural reorganizations of company or portfolio, or changes in internal policies [16, 45, 53].
Organizational Fund arrival rate [12, 17, 20].
conditions Changes in the basic parameters of projects and programs [16, 20, 60].

Project and program life cycle management processes [12, 20, 60].

4.4 PPR assessment

In order to obtain an adequate representation of risk impact, two characteristics must be considered. The first
characteristic is the consideration that risk corresponds to a multidimensional measure [19, 55]. The second is the
strategy for risk factors, or uncertainty representation, in order to obtain a measure of risk as a consequence [32]. In
order to represent or optimize project portfolio risk, different methods have been used. Table 5 summarizes the main
methods used for this purpose.

Some approaches used to assess portfolio risk are based on historical data. However, the literature highlights that
generally limited or imprecise information hinders whatever process occurs in this way [56, 63]. In order to address
uncertainty from the real-world perspective, alternative approaches like Montecarlo simulation, fuzzy logic, and
occurrence likelihood evaluation have been used, capturing, as they do, uncertainty as an input to decision-making
models based on expert judgment [9, 67—70]. Recent studies show that the fuzzy approach has not yet been fully applied
in the project selection problem [71], and it has not been implemented for risk analysis in the project portfolio execution
context. Montecarlo simulation also shows a very low level of incorporation into the portfolio execution phase, while
being widely implemented in project portfolio selection with risk considerations, as incorporated by Neumeier et al.
[55] and Panadero et al. [29].

Expected shortfall, tail conditional expectation, standard deviation, semi-standard deviation, semi-variance, value at risk
(VaR), and conditional value at risk have all been identified as project and project portfolio risk measures, of which the
VaR method is most frequently used in RM [66, 72, 73]. However, it is important to consider that the conditional value
at risk method “provides more information than VaR and is a commonly used risk measure in portfolio optimization
models” [72, p. 1654]. In this regard, the set of projects selected for a specific strategic period may be different if the
risk measure used is one or another, meaning that each risk measure may lead to a different set of projects to be selected
[66].
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Table 5. Main methods used for risk assessment or optimization in the project portfolio context

Method Description
Modern This model uses the trade-off between risk and returns to find the efficient frontier. It is based on the traditional Markowitz
Portfolio mean-variance model, but other risk measures have been implemented in order to optimize a portfolio of non-divisible projects.

Theory [62-66]

In this regard, this approach establishes the set of projects that minimize the PPR level according to a defined return or that
maximize the project portfolio return according to an established risk level.

Data
Envelopment
Analysis [60]

DEA is a non-parametric model for measuring efficiency or the capacity to have an input and an output and even several inputs
and outputs using the ratio of outputs’ weighted sum to the inputs’ weighted sum. In the project portfolio context, the objective
function of this model tends to maximize portfolio efficiency while minimizing the risk, generating an efficient frontier.

Analytic
Hierarchy
Process [12]

The process of project portfolio selection considers the set of projects and their decision criteria and sub-criteria. A comparison
between each pair of criteria is carried out in order to obtain the weight (relative importance) of each criterion and sub-
criterion. In the same way, each pair of projects are compared for each criterion. In this context, criteria related to risk for the
project or for the portfolio are included as part of the evaluation process.

This is based on the identification of nodes that represent interdependencies between projects, establishing a structure of how

mplex . . . .
Comple projects are connected to each other. Based on the role analysis of nodes in a portfolio as a network, the method seeks to
network theory N . o . - . . . .
[10] minimize the risk level while improving the efficiency of the portfolio through cooperation between projects, for which small

communities or subgroups of projects are established.

Bayesian Bayesian networks assess cascading effects. They allow for technical, resource, and risk interdependencies to be assessed
networks [9, through a transitive dependencies model. In a Bayesian network, nodes correspond to random variables and arcs specify direct
11, 18] causal relationships between the linked nodes. A Bayesian network has conditional probability distributions for all variables.

5. Future directions for research

In answer to the second research question: ‘How can future research expand the PPRM research area?’, four directions
for future research on PPRM were identified, which should not be regarded as an exhaustive set of future directions
given that each can be expanded upon and, indeed, other future directions could be identified through different or
complementary analysis. Fig. 2 summarizes these future directions and outlines each main focus, also showing the
relationship between future directions and the main current topics identified in the previous section.

5.1 PPRM as part of organizational RM

There is a gap between RM processes, the requirements of a project portfolio threats/opportunities management, and the
strategic management of threats and opportunities [54, 74]. A RM system at the project portfolio level should generate
high visibility of the state of the project portfolio for top management, and it should allow planning and execution of
threats/opportunities management in an integrated and coordinated manner throughout both the project life cycle and
the project portfolio life cycle [54, 75]. In this sense, the integration of PPRM into the project and program level and
into the organizational level using Enterprise RM systems, and other methodologies that allow a global and dynamic
vision, should be explored, both in a theoretical sense and in its practical dimension. As a complement to this, risk
visualization systems - the relationship with performance variables, with decision variables and their behavior over
time, need to be explored. Indeed, the proposal by Silva et al. [76] and Wang et al. [10] can be seen as an example of
this.

RM skills as management and dynamic capabilities according to the dynamic and changing environment of current
organizations, and according to the culture and competitive environment of each organization, can be considered as
relevant topics in the decision-making process [74, 77]. However, descriptions of how to incorporate dynamic
capabilities in practice are rare, for which reason empirical studies on this topic are needed [16].
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Fig. 2. PPRM main currents topics and future directions identified

5.2 RM, success dimensions and strategic impact

Different levels associated with the impact of PPRM have been explored. Thus, future research could focus on
establishing hierarchies between the identified levels, as well as interrelations between levels and intra-relations within
each level, which, in turn, would allow the impact of the risk factors in each decision level to be established. To pursue
this, empirical studies, historical information analysis and expert judgment, among other means, can be used to obtain
methods, methodologies and indicators that allow for the identification and evaluation, both qualitatively and
quantitatively, of the relationships between each level and the effect of the threats/opportunity factors on each of the
decision levels. In this regard, conceptual frameworks have been proposed to determine the impact of the risks and
opportunities on strategic and operative aspects that allow the performance of the portfolio to be monitored from a
strategic perspective [8, 19, 78]. The extension of these proposals to practical applications that allow for their validation
in the real context of each organization is necessary [7, 78].

From another perspective, research focused on the evaluation of RM, riskiness, or the interdependencies between
projects as contingent factors between PPM and project portfolio success will allow the importance of the PPRM to be
qualified and quantified, and will identify which conditions, environment characteristics or project portfolio
characteristics represent aspects to be considered for adequate PPRM [52, 77, 79]. Additionally, to identify and
underline the time effects, longitudinal studies would have to be employed [79], which could allow for assessment of
the time effect between RM and project portfolio success. Likewise, the identification and characterization of
moderating or contingent factors between RM and project portfolio success has been and should continue to be a focus
of attention. Thus, empirical studies based on practice and those methodological proposals oriented to establishing the
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influence of different moderating factors must be developed. Identification of these factors allows for spotting RM
capabilities and establishing strategies to deal with threats and opportunities [8, 19, 74].

5.3 Mechanism for PPR assessment

Different categories of risk factors have been proposed in the literature. However, additional studies are required to
broaden the sample size and expand upon the approaches used to obtain results that can be generalized and that
determine that the categories defined are feasible in practice [9, 15, 20]. PPR categorization should be developed based
on practice and expert judgment.

PPR assessment raises the need to integrate different dimensions [12, 80]. In this regard, the definition of the weight for
each of the risk dimensions is a determining factor that can generate major differences in the final result. Besides this,
moderating factors must be taken into account, such as the fact that the project portfolio size may have a moderating
effect on the allocation of weights [15, 61]. Thus, two aspects should continue to be explored. The first is associated
with the types of methods and risk measures to be implemented according to the context and information available for
each project portfolio, taking into account the differences established in the literature between risk measures [63, 81].

The second aspect to be considered is associated with the use of methods that allow for the incorporation of
multidimensionality. Since the incorporation of risks into project portfolios is considered a multi-criteria problem, both
optimization approaches and multi-attribute approaches should continue to be explored [48, 53, 82], in the perspective
of seeking to consolidate the risk inherent in a measure or a subset of measures for the project portfolio and not just in
each isolated project.

5.4 PPRM as a complex and dynamic system

It is generally assumed that projects are independent, with dependencies considered only when related to the sequence
between projects, rarely exploring other types of dependencies [9, 55, 82]. The gaps in the literature regarding these
issues, mainly associated with generic frameworks not adapted to the characteristics of the PPM environment, require
that risk identification and RM go beyond this, considering the complexity associated with risks generated by the
interaction between projects, risks at the project level and at strategic levels [9, 55].

Exploring alternatives to the traditional process-based approach is necessary: in the literature there are approaches to
project portfolios, such as networks, knowledge networks, biological networks or complex and adaptive systems [9, 10,
55, 78], and it is necessary to deepen analysis of these alternative approaches and their application. The identification
and exploration of other alternative approaches that allow a systemic, non-linear and dynamic representation, which
supports the decision-making process, should also be considered [10, 55].

Approaches such as those proposed by Wang et al. [10], which look at finding the balance between project portfolio
efficiency and risk through the identification of project subgroups, have great theoretical and practical importance. They
make it possible to reduce not only the complexity of the decision-making process, but also to reduce the risk associated
with interdependencies, generating a globally positive impact on PPR. In addition to this, approaches based on the
concept of learning from information in projects and portfolios that have already been executed, such as artificial neural
networks, can also help to understand the relationship between variables that make up the decision-making process [83].

6. Conclusions

The research reported in this paper has two main contributions to make. Firstly, it identifies the main topics and debates
in the literature on PPRM. In this regard, this study has shown that PPRM has its theoretical and practical bases in the
modern theory of portfolios, decision theory and RM. In addition to this, risk interdependencies, project
interdependencies, and relationships between RM and project portfolio success have been shown to represent
fundamental topics of PPRM. Likewise, PPR identification, categorization, and assessment were also identified as
relevant to PPRM. The literature outlines some proposals oriented to defining methods, methodologies or approaches in
order to support these topics. Secondly, it focuses on identifying future research directions, four of which are identified:
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(1) PPRM as part of organizational RM; (2) RM, success factors and strategic impact; (3) Mechanisms for PPR
assessment, and (4) PPRM as a complex and dynamic system. Therefore, the present study contributes to the current
PPRM research by outlining the main topics and considering key characteristics and attributes for this field, as well as
by identifying future directions, which give an informed overview for addressing PPRM challenges as a research area.

The present research process included works developed specifically in the PPRM field, as well as a structured search of
those works analyzed. Conventional CA allowed for an understanding of each publication and made it possible to have
a global and systemic insight into the current developments in PPRM. Between 2008 and 2014, a substantial part of the
works focused on demonstrating the importance of the area, as well as exploring conceptual proposals. In recent years
have specific proposals been published which identify, categorize and assess PPR, where the publications by Hofman et
al. [35], Ghasemi et al. [9], and Wang et al. [10] can be seen as an example of this.

The structured literature review process carried out followed steps which are well-recognized in the literature, and
which are specifically described in Svejvig and Andersen [41]. However, the step associated with the
""conceptualization of topic" incorporated an unstructured and explorative search leading to the scope’s definition. A set
of string searches was defined and evaluated in order to obtain a string search that adequately represented the defined
scope of the literature review. The above also allowed for the process of searching, evaluating, and selecting literature
to be based on specific issues related to the topic under study, and not only on the authors’ previous knowledge of the
topic. In this regard, the incorporation of an unstructured and explorative search also brings a methodological
contribution by this research towards the “conceptualization of topic” step within structured literature review processes.

Some limitations can be attributed to the findings presented. Although a structured search and analysis process was
developed, Laursen and Svejvig [39] and Xia et al. [84] suggest that literature reviews can never be exhaustive and,
therefore, in this process some articles or groups of articles may have been left out of the analysis. Possible exclusions
may be the result of several factors: the keywords used, the search equation structure, the search scope or
methodological deficiencies that could potentially be identified by other researchers. Overcoming these issues could be
seen as opportunities for future work or for extensions of the research presented here. Besides this, in the literature
analysis process related to qualitative analysis and CA, the cognitive bias cannot be fully eliminated, thus, the results
obtained provide suggestions, but do not limit present and future directions for the PPRM research field [84].
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