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Abstract
To expand knowledge of a search on a particular topic or to gather a significant sample of information that allows the researcher to identify and analyze the current state of knowledge on a topic,
this paper presents a structured process for the selection of academic papers, evidence of papers’
relevance through bibliometric analysis, and analysis of the papers’ contents to identify gaps in
the knowledge related to the theme under consideration and the objectives of the researcher.
Starting from an interest in identifying and analyzing valuation models and risk management applied to the construction industry and using the Knowledge Development Process-Constructivist
(ProKnow-C), this research identified 12,032 articles in thirteen academic databases. In its subsequent steps, the ProKnow-C allowed, in a process of continuous selection, the choice of the 23
articles that presented quantitative or qualitative risk management models developed for the
construction industry. The relevance of this set of papers was demonstrated by bibliometric analysis. The content of the articles was systematically analyzed from ten research lenses based on the
concepts of risk, risk management, and performance measurement adopted by the researchers,
representing their research vision. The results of the systematic analysis demonstrated that risk
management is a broad and complex subject, especially when its management aims to both
avoid/minimize risk and guide the organization to a level where the risks can be transformed into
competitive advantages. The analysis revealed the unique character of risk perception, indicating
that models developed in one context are suitable only for that context. Thus, the use of ProKnow-C facilitated the acquisition of knowledge and enabled the researcher to identify numerous
research opportunities, which, if included in the development of a new model, would allow this
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model to be used as an instrument that is legitimate and valid for the measurement, assessment,
and management of risk, enabling the company to achieve competitive advantages in the market.
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1. Introduction
Risk management has become an increasingly challenging activity. According to a global study by Ernst and
Young, only 13% of audit committee members classified the risk management of a company as effective. This
same study emphasizes the need for the function of risk to be more than simply compliance with a bureaucratic
exercise [1].
This situation is also apparent in the construction industry. The launch of a new project is considered a bet on
a future often regarded as uncertain. The conception of a new venture project is considered the riskiest step because at this step, the ideal aspects of the project are defined, including its architectural and construction features,
its target audience, and the marketing strategies used to reach this target audience. At this step, all necessary
planning for the proposed aims is carried out and achieved. The decisions made at this stage have a significant
impact on the achievement of the project goals [2]-[6].
The other features of a construction project must also be considered, including: 1) its nonhomogeneous character and nonserial production, a result of the uniqueness of the product, which is typically custom; 2) the implementation of the project in a dynamic, uncertain, and complex environment; 3) different stakeholders with
positions that are not always convergent; 4) dependence on climatic factors during the construction process; 5) a
long period of development; and 6) the division of responsibility among various companies. These various factors illustrate the actual and high degree of risk involved in the success of a project [7]-[10].
The above discussion illustrates the importance of planning that allows for the identification of the risks and
anticipates their consequences, with the project becoming transparent, defensible, and demonstrably improved as
decisions are made. The importance of planning is demonstrated by the various management methods used
within construction and by specific methodologies for risk management [11]-[15].
However, these methodologies for risk management do not have structured processes for developing risk
management models, leaving researchers and developers with the choice of tools and techniques to guide them
in building their risk management models.
When we consider risk and its management as a success factor, it becomes clear that the perception of risk
further complicates the problem.
Decision makers perceive the risks associated with a context differently based factors such as their experience,
training, culture, personal beliefs and ways how risk events may affect her/his position in the company and/or
career [3]. This diversity of perception makes decision making a matter of subjective judgment, based on intuition, personal experience, or internal company standards, rather than being based on a systematic review of the
specific conditions of the project and market [16].
However, the majority of risk management models proposed for construction seeks its risk factors and assessment criteria in the external information sources to the assessed context, such as the literature, expert opinions, and/or academic sources.
In today’s competitive environment, it is important for companies to have tools that are aligned with the strategic objectives of the organization and are suitable for changing circumstances. These tools must identify risks
and measure the consequences, allowing for the creation of new ways to achieve the proposed goals and transform risky situations into sustainable competitive advantages [17] [18].
Such needs justify further research on the problem of how assessment and management models proposed for
construction risks are developed and how these models address the unique aspects of risk perception.
According to Karlsson [19], one of the critical aspects of a survey is the scientific literature review, which
helps the researcher to: 1) identify the current state of knowledge on a particular topic, giving scientific support
for the researcher’s work; 2) guide the construction of hypotheses and questions used in the study of the chosen
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topic, justifying the choice of topic and its contribution to the researcher’s research proposal; 3) generate a detailed philosophical justification for the methodological framework used; and 4) develop skills for a critical
analysis of the literature and for the treatment of extensive and dispersed information.
Thus, as initial step to examine how risk management models proposed for construction are situated relative
to the problem under consideration, this research aims to: 1) provide a process for selecting a set of papers about
risk management models proposed for construction; 2) highlight the relevance of the selected papers through a
bibliometric analysis of the articles and their references, in what concerns with scientific recognition of articles,
authors, journals and keywords; and 3) analyze how the selected papers address the unique aspects of risk perception.
The remainder of this paper is divided into six sections. The next section presents the ProKnow-C process,
and the following section presents the methodological framework of this research. The third section presents the
research process used in databases to select a set of papers. The fourth section presents the bibliometric process
used for demonstrating the relevance of the set of papers, the fifth section presents the opportunities for research
that were identified, and the sixth section presents the conclusions of this research.

2. ProKnow-C
To achieve the objectives discussed above, this research adopted the Knowledge Development Process – Constructivist (ProKnow-C) [20], which from the interest of the researcher in the issue, defines and sets out the restrictions intrinsic to the academic context, seeking to expand the researcher’s knowledge so that he can conduct
academic research with the stated reasons [18].
The ProKnow-C, similar to other systematic approaches to literature review, such as the Systematic Literature
Review (SLR), is based on the definition of the limits to the selection (databases, keywords, temporal filters,
and/or criteria for the inclusion or exclusion of papers), built from the researcher’s knowledge and state-ofthe-art papers identified based on the issue under consideration [20] [21].
In this work, the ProKnow-C was used because it provides structured processes for the systematic review instead of having the researchers and developers choose the tools and techniques used to guide them in this task.
Moreover, the ProKnow-C has been used as a tool for building a robust and consistent theoretical framework
by many researchers [22]-[32], justifying the choice of this instrument.

3. Methodology
The methodological framework consists of an examination, description, or explanation of the approaches and
tools used in this research to specify the set of methods, procedures, and philosophical assumptions underlying
the topic and providing an optical context under which the research was designed and performed [32].
Because the typology (methodology) research does not have a standard, the methodological framework to be
adopted depends on the philosophical movement, goals outlined, researcher’s perception, and expected results
[33].
Thus, Table 1 aims to clarify the methodological framework used in this study according to the aspects described herein [34].
Table 1. Summary of the methodological framework.
View of knowledge

Constructivist

Nature of the research object

Descriptive research

Nature of articles

Practical: case studies and experiments

Logical research

Deductive

Research process

Collecting data from secondary sources
Qualitative and quantitative approach

Research results

Applied research

Technical procedures

Bibliographic research
Action research

Intervention instrument

ProKnow-C
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4. Procedures for the Selection of Papers

The ProKnow-C selects papers that will compose the bibliographic set based on three stages: 1) establishing research definitions; 2) conducting a preliminary investigation; and 3) selecting papers for the set [20].

5. Research Definitions
The definition of research axes is the first step in establishing research definitions using the ProKnow-C. Based
on the proposed topic, this work adopts risk management in construction as the first axis of this research. For the
second research axis, this work adopts performance assessment, in accordance with the aims of the research in
identifying qualitative and/or quantitative risk management models for construction.
The second step consists of ordering the research chronologically. These procedures were performed in August 2011, with the next steps (i.e., the selection of articles and the bibliometric analysis) conducted in September, October, and November 2011. The procedure searched papers published in the 10 years preceding August
2011.
The adopted temporal filter (10 years) corresponds to the longer half-life of papers associated with civil engineering (the half-life of a paper is the number of years of its publication, calculated from the current year, comprising 50% of the total citations received by the journal in the current year) identified in a search conducted using JCR Science Edition [35].
The third step of establishing the research definitions is to identify the databases that will be accessed for
consultation. For this work, we chose to consider all databases indexed by the CAPES website [36] and linked to
the knowledge area “engineering”, subcategory “civil engineering”, that are provided in full free papers.
The final step consists of defining the search filters. The following items were used: keywords and publication
type (papers). The main keywords were defined around the axes (i.e., performance evaluation and risk management). To facilitate the selection of risk management models proposed for construction, we included a third axis,
represented by the keyword “construction”. Table 2 presents the keywords and respective axes.
The assertiveness of the proposed research definitions, particularly the keywords and databases, has been
tested and approved according to the adhesion test proposed by the methodology adopted, ending this step.

6. Selection of Papers for the Bibliographic Set
After the validation of the research definitions, the process of selecting papers for the construction of bibliographic references was initiated. In addition to the keywords defined (Table 2) and the date of publication (2001
or later), excluding filters were applied when selecting the papers, according to the availability of this resource
by the database’s management system.
These filters were applied to the general topic of the papers, and the filters allowed for the exclusion of papers
associated with areas related to health (e.g., medicine, dentistry, psychology, pharmacy), water (e.g., pollution
and water resources), agriculture, biochemistry and genetics, social sciences, seismic phenomena, physics and
astronomy, electricity (e.g., generation, transmission), metallurgy, and oil. The results of this process are shown
in Table 3, sorted by the number of items obtained.
To effectively organize the papers taken from the databases, items were imported into the Endnote application
[37], which allows for the identification of duplicate papers, books, conference papers, and reprints. These duplicate items were excluded.
Duplicate papers were found because of the following reasons: 1) two or more databases indexed the same
journal and 2) the same paper was obtained from more than one combination of keywords. The bibliographic set
consisted of 5561 items after the exclusion of duplicate papers and books.
Table 2. Keywords and axes.
SEARCH AXES
Construction

Risk Management

Performance Evaluation

CONSTRUCTION

RISK

ALLOCATION, ANALYSIS, APPRAISAL, ASSESSMENT, ATTITUDE,
EVALUATION, HANDLING, MANAGEMENT, MEASUREMENT

KEYWORDS
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Table 3. Search by papers (using keywords) in the selected databases (2001-2011), ordered by number of papers in descending order.
N

Database

Qty papers

CUSUM

1

Scopus (Elsevier)

4.072

4.072

2

Compendex (Engineering Village 2)

2.221

6.293

3

Web of Science

1.454

7.747

4

Maney Publishing

902

8.649

5

CSA Technology Research Database

870

9.519

6

ScienceDirect

794

10.313

7

American Society of Civil Engineers-ASCE

567

10.880

8

API Scitation (American Institute of Physics)

484

11.364

9

Wiley Online Library

302

11.666

10

Applied Science Full Text (Wilson)

168

11.834

11

Institution of Civil Engineers—ICE

110

11.944

12

SciELO.org

88

12.032

13

SpringerLink (MetaPress)

-

12.032

The next step consisted of selecting papers by aligning the titles, which identified duplicate papers not detected in the previous step. These papers (72), which were duplicated because of differences in the spelling of
the name of the author or the title, were excluded.
The analysis of the alignment of the title allowed for the identification of 5005 papers with titles that were not
aligned with the research aim. These papers were excluded from the bibliographic set, which subsequently included 556 articles (gross base papers, not repeated and aligned with the research aim).
Next, the 556 papers of the bibliographic set were analyzed for scientific recognition. This analysis was performed based on the number of citations that each paper had received since its publication, obtained through
Google Scholar [38] and sorted in descending order.
To identify the most relevant papers (most cited), a cutoff value corresponding to 85% of the total sum of citations of the 556 papers was set. This limit was based on the Pareto postulate, which states that most of the effect originates from a small number of causes. In the context of this research, this postulate states that the most
cited articles (minority) will represent most of the scientific recognition in the current bibliographic set.
The 556 papers had a total of 5152 citations. The cutoff value was 4379 citations, considering the representativeness of 85%. Thus, with the items sorted in descending order of the number of individual citations, the papers were selected until the value of the accumulated citations was equal to the cutoff value. This selection occurred for a paper with 10 citations.
Because the lower limit was set (papers with 10 citations), all items with more than nine citations were selected to compose the bibliographic set (gross base papers, not repeated and with the title aligned with the research aim and scientific recognition). After this process, the bibliographic set included 138 papers.
The 418 least-cited papers would still go through a review process involving other criteria and could be integrated into the final bibliographic set of papers selected. Thus, in the next step, the 138 papers in the bibliographic set were assessed to determine whether the abstract aligned with the research aim. This analysis resulted
in the exclusion of 55 papers. After this step, the bibliographic set included 83 papers (gross base papers, not
repeated and with the title and abstract aligned with the research aim).
As previously mentioned, the set of 418 least-cited articles (not considered due to the criterion of scientific
recognition) was the subject of a new review process. In this process, the article could be integrated into the bibliographic set if it had been published within less than two years of the analysis (papers that have not yet had the
opportunity to be cited) and was written by some of the authors already present in the 83 selected papers.
According to these criteria, 127 papers published in 2009, 2010, and 2011 were identified among the least
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cited. Of this group, 72 papers had authors who were listed in the 83 selected papers (bibliographic set). These
72 papers were assessed for alignment of the abstract with the research aim, which resulted in the inclusion of
62 new papers. Thus, the bibliographic set included 145 papers.
The search for the full text of the papers resulted in the exclusion of 36 papers because they were not available in full on the CAPES website [36].
After reading the full text of the remaining 109 papers, seven papers were identified that were not aligned
with the research aim (and were thus excluded) and two papers were excluded because they were considered reprints (the version with higher number of citations was kept in the final set).
Of the 100 remaining papers in the bibliographic set, 23 papers were identified that presented qualitative
and/or quantitative risk management models for construction, with processes for risk identification and measurement of the consequences of risk, compatible with the aim of this research.
Table 4 presents a summary of the selection process of papers for the construction of the theoretical framework (bibliographic set), and Table 5 lists the 23 selected papers, in alphabetical order by first author.

7. Bibliometric Analysis of the Bibliographic Set
A bibliometric analysis of the bibliographic set of papers that comprises the theoretical framework about risk
management models used in construction is based on the quantitative evidence of statistical data for the management of information and scientific knowledge of a given subject, conducted by a document count [20], and
includes the following steps:
• Identify the degree of relevance of the journals;
• Identify the scientific recognition of the papers;
• Identify the relevance degree of the authors of the papers; and
• Identify the most commonly used keywords.
To illustrate the bibliometric analysis of the bibliographic set, the most relevant analysis of the first two items,
i.e., the degree of relevance of the journals and the scientific recognition of the papers, is displayed.
The main analysis of the first item considers the count of papers published by each journal within the bibliographic set and the count of each journal in the bibliographic references of the set. An analysis of the journals
that published the selected papers illustrates that 1) the International Journal of Project Management includes
five papers in the set; 2) Automation in Construction includes four papers; and 3) the Journal of Construction,
Engineering and Management includes three papers. Table 6 summarizes this analysis.
The second analysis, i.e., the bibliometric analysis of bibliographic references, indicates that 309 references
had been cited by the 23 selected papers in the bibliographic set. Of these 309 references, the ten most relevant
journals for the references are shown in Figure 1.
The second analysis, which identifies the scientific recognition of the 23 selected papers, was performed by
counting the number of citations that each article has received since its publication. As illustrated in Figure 2,
this analysis highlights the following articles: 1) Carr and Tah [39]—A fuzzy approach to construction project
risk assessment and analysis: Construction project risk management system—with 83 citations; 2) Chapman
Table 4. Papers included in each step of the selection process.
Papers

Step of the ProKnow-C process

12,032

Extraction of papers from databases

5561

Elimination of redundancy (duplicate papers)

556

Papers with titles that were aligned with the research aim

138

Papers with scientific recognition (cutoff value of 85%)

83

Papers with abstracts that were aligned with the research aim

145

Inclusion of recent papers (least cited) from authors already selected

109

Papers with full text available

23

Papers that were fully aligned with the research aim (presenting qualitative and/or quantitative risk management models)
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BU-QAMMAZ, A. S., DIKMEN, I. & BIRGONUL, M. T. Risk assessment of international construction projects using the analytic
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Procedia Engineering, v.4, p.107-116. 2010.
XU, Y., YEUNG, J. F. Y., CHAN, A. P. C., CHAN, D. W. M., WANG, S. Q. & KE, Y. Developing a risk assessment model
for PPP projects in China -- A fuzzy synthetic evaluation approach. Automation in Construction, v.19, n.7, p.929-943. 2010.
ZAYED, T., AMER, M. & PAN, J. Assessing risk and uncertainty inherent in Chinese highway projects using AHP.
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ZENG, J., AN, M. & SMITH, N. J. Application of a fuzzy based decision making methodology to construction project risk
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Table 6. Relevance of the journals.
JOURNAL

SNIP*

Number of papers

International Journal of Project Management

5

1.935

Automation in Construction

4

2.309

Journal of Construction Engineering and Management

3

1.939

Canadian Journal of Civil Engineering

2

0.619

Advances in Engineering Software

2

1.777

Procedia Engineering

1

0.496

Management Decision

1

1.081

Journal of Management in Engineering

1

1.705

Journal of Computing in Civil Engineering

1

1.348

Engineering Construction and Architectural Management

1

0.647

Construction Management and Economics

1

0.912

Applied Soft Computing Journal

1

3.449

*

SNIP (Source Normalized Impact per Paper)—www.journalmetrics.com/ (2011).

Number of bibliographic reference for papers per journal
10
20
30
40
50

0

60

Journal of Construction Engineering and Management

57

International Journal of Project Management

51

Construction Management and Economics

20

Journal of Management in Engineering

10

European Journal of Operational Research

8

Reliability Engineering & System Safety

8

IEEE Transaction on Engineering Management

6

Journal of Computing in Civil Engineering

6

Fuzzy Sets and Systems

6

Project Management Journal

6

Figure 1. Relevance of the references in the bibliographic set.

[40]—The controlling influences on effective risk identification and assessment for construction design management—with 72 citations; and 3) Dey [41]—Decision support system for risk management: a case study—
with 51 citations.
The relevance of the articles that compose the theoretical framework can also be emphasized by considering
the rank of the set to which the journals belong, which is provided by CAPES [42]. This analysis illustrates that
17 of the 23 papers (73%) were published by journals classified in the first three degrees of quality (degrees A1,
A2, and B1). Similarly, 10 of the 12 journals (83%) that published the 23 papers are ranked in the first three degrees of quality (degrees A1, A2, and B1).

8. Systematic Analysis of the Selected Papers
The systematic analysis advocated by ProKnow-C [20] is defined as a scientific process used to analyze a
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Figure 2. Relevance of papers according to scientific recognition.

representative sample of selected papers according to the research vision (research lenses) adopted by the researchers, to identify the strengths and weaknesses of knowledge found in the sample for each lens and all lenses.
The systematic analysis is composed of the following steps: 1) identification of the criteria for the analysis; 2)
analysis of the content of each article according to each of the analysis criteria; and 3) analysis of the overall results, with each criterion forming an axis of review.
The first item, the identification of the criteria for the analysis (or the research lenses) is based on the definitions of risk and risk management proposed by PMBOK [13] and the definition of performance evaluation, proposed by Ensslin et al. [43]. These concepts and the criteria derived from them are shown in Table 7, Table 8,
respectively.
In the second item, the 23 selected papers were analyzed separately according to the ten research lenses. To
respond to the third item, i.e., the analysis of the papers according to the axes of the evaluation, the results obtained in the analysis performed in the second item were organized, and each of these criteria now corresponds
to an axis of the evaluation.
The process of systematic analysis of articles is exemplified in lenses 1 (Risk), 3 (Approach to solving problems), 5 (Method for identifying risks), and 8 (Mensuration) and summarized in Table 9.

8.1. Concept of Risk (Lens 1)
Although the concept of risk adopted by most authors considers the positive or negative effects of risk on project
objectives, most of the tools developed to date are used only to measure and assess threats (negative effects);
opportunities (positive effects) are generally not covered by these tools [44].
Identifying and utilizing opportunities that may be provided by the market is as important as identifying and
avoiding threats. Whereas identifying and avoiding threats can allow potential losses to be minimized or avoided,
identifying and utilizing opportunities allows profits to be maximized.
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Table 7. Concepts used to define the evaluation criteria
1. Concept of risk [13]
“Risk is an uncertain event or condition that, if it occurs, has a positive or negative effect on the project objectives”.
2. Concept of risk management [13]
“It is the systematic process of identifying, analyzing, and responding to project risks. It includes maximizing the probability and
consequences of positive events and minimizing the probability and consequences of adverse events to project objectives and is
divided into six steps: planning, risk identification, qualitative risk analysis, quantitative risk analysis, risk response planning,
and risk monitoring and control”.
3. Concept of performance evaluation [43]
“Performance evaluation is the process of building the decision maker’s knowledge regarding the specific context in which he is
proposed to evaluate, from the perception of the decision maker himself through activities that identify, organize, measure ordinally
and cardinally, and integrate and still provide the ways to visualize the impact of their actions and foster its management”.

Table 8. Research lenses used in the systematic analysis of the literature.
Lens

What search?

1

Risk

Does the concept of risk covered by the paper recognize the positive and
negative effects of risk?

1

2

Risk management

What is the theoretical affiliation of risk management adopted by the paper?

2

3

Approach

What approach to problem solving is adopted, and what type of development
is adopted for the model built?

3

4

Singularity

Does it recognize the uniqueness of the evaluated context?

3

5

Method for identifying risks

What is the process used to identify risks? Is it identified according to the
perception of the decision maker?

3

6

Independence

7

Axes of measurement

8

Mensuration

9

Integration

10
1

Source1

ID

Improvement

Does the process consider the dependence between the evaluation criteria or
test the independence of these criteria?

2e3

What are the axes along which the risk criteria are measured?

2

Does it recognize the properties of ordinal scales?

3

Does the integration process recognize the need for reference levels?

3

Does the constructed model consider the current situation to allow for the generation
of improvement actions and the monitoring of these actions’ consequences?

2e3

Concept of risk (1); Concept of risk management (2); Concept of performance evaluation (3).

A passive strategy relative to opportunities is certainly less effective than acting proactively with advanced
planning that will allow for an increase in the likelihood and beneficial effects of opportunities.
However, only two papers [44] [45] address the positive effects of risks (opportunities) in the developed
models. The risk management models presented in the other selected articles only consider threats (negative effects caused by risk).
Thus, future research should develop a risk management model that 1) identifies the positive and negative
impacts of risk, making these impacts a strategic factor for success and 2) transforms risk into an opportunity,
making plans and response strategies to generate competitive advantages in the market.

8.2. Approach to Solving Problems (Lens 3)
Four approaches to solving problems are identified in the literature on decision support [46]:
• Descriptive: this approach is characterized by describing what happens in the world without making human
judgments on this reality. Such approaches are instruments that originate from the natural sciences and are
appropriate when human interpretation is irrelevant;
• Normative: this approach is characterized by the adoption of models that have worked in other contexts and
are believed by decision makers to be applicable to their context without adjustments. The involvement of
the manager is summarized as the choice of the model to be implemented;
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Lens

*

QTY Models
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Opportunity: Developing a model for assessing and managing risks that ...

1

Risk

2

(i) identify both the negative and positive impacts of risk, making these impacts a
strategic factor for success; and
(ii) allow for the creation of response plans and strategies to transform the risk into
competitive advantages in the market.

2

Risk management

7

address strategic, tactical, and operational issues; consider the company, enterprise,
and market; and consider the values and preferences of those who are responsible
for decisions.

3

Approach

7

adopt a constructivist perspective, develop this perspective, and apply the perspective
to the same context to properly reflect the values and preferences of the decision maker
and the context itself, which will be modified by the decisions taken.

4

Singularity

7

ensure that the decision maker considers the support tools for risk management to be
representative of their values and preferences, creating alignment, consistency, and
assertiveness in decisions.

5

Method for
identifying risks

7

have the criteria identified according to the vision of the decision maker (values and
preferences) regarding the decision context.

6

Independence

6

have an approach to the identification of criteria and the mapping of cause and effect
that identify its dependent relationships or ensure its independence.

7

Axes of measurement

2

have axes of measurement that can simplify or facilitate the operation of the model.

8

Mensuration

-

have processes to transform ordinal scales into cardinal scales that consider reference
levels and are conducted in accordance with the value judgments of the decision maker.

9

Integration

-

(i) establish an understanding of the contribution of each criterion to the overall
assessment; (ii) recognize the need to measure the goals pursued by the decision
maker and not the alternatives that are available to him; and (iii) recognize the
need for reference levels for the decision maker to compare criteria.

10

Improvement

4

implement the proposed improvement actions with continuous monitoring of the
consequences of these actions, creating the necessary foundations for the model to
be used as a tool for risk management.

*

Number of models proposed in the 23 analyzed papers that heed, completely or partially, the questions represented by the lens of research.

• Prescriptive: this approach is characterized by the adaptation and personalization of management models for
a given organization with the guidance of an outside expert. This approach considers that the processes must
be customized and that the organization must be involved in providing information and subsequently adopting the recommendations given by the outside expert;
• Constructivist: this approach seeks to develop interactively a coherent body of knowledge with the decision
maker, enabling the decision maker to understand the consequences of his decisions on those factors that the
decision maker thinks necessary and sufficient.
In the selected papers, the adoption of a prescriptive approach in which the author relies on external views,
such as the literature, the opinions of professionals with extensive experience, and/or academic opinions, for the
context of the risk assessment model is predominant in the bibliographic set (used in 19 papers; [5] [16] [39] [44]
[45] [47]-[60]).
However, among these papers, Dikmen et al. [45] and Choi et al. [60] also adopt a descriptive approach, using the results of previous projects developed by the company under consideration as the basis for their models.
Four papers use the constructivist approach, which uses the context itself (projects and views of the stakeholders involved) as the basis for the risk management model as well as tools for expanding knowledge (such as
decision trees, fault trees, and decision diagrams) [40] [41] [61] [62].
Regarding the application of the model, there are four different types of development:
• The model is constructed and applied in the same context, and although the model can employ external
points of view, it is built based on the preferences of the stakeholders [41] [45] [47] [53] [56] [61] [62];
• The model is built in one context and applied in another, and the stakeholders linked to the context are limited to the application of the model developed [5] [16] [48]-[51] [55];
• The model is built in one context, but there are no reports of its application [40] [57];
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• The model is built in one context and adapted to another context [39] [44] [52] [54] [58]-[60].
The environment of the construction industry is characterized by its uniqueness, complexity, uncertainty, limited
information, and conflicts due to the presence of many stakeholders with views that do not always converge,
thus leading to a high degree of risk and subjective decisions [2] [6] [16] [47] [63] [64]; thus, this work proposes
the adoption of the constructivist approach by accepting the need for obtaining new knowledge for the manager
that can increase his understanding of the context in which he is involved and that his decisions will influence.
Similarly, this work considers that only a model built and implemented in the same context can properly reflect the values and preferences of the decision maker and the context itself, which will be modified by the decisions that he makes.
Thus, the opportunity arises to present a risk management model that is built under the constructivist perspective and applied in the same context in which it was developed.

8.3. Method for Identifying Risks (Lens 5)
The bibliographic set includes several instruments for addressing how to identify the necessary risk factors and
the sufficiency of the evaluation for a given context.
Most papers identify the risk factors in the scientific literature (14 papers):
• (4) four papers review the criteria identified in the literature using questionnaires answered by professionals
with extensive experience in the topic (experts) [5] [16] [45] [50];
• (2) two papers review the criteria identified in the literature through workshops with professionals with extensive experience [54] [55].
• (8) The remaining eight papers review evaluation criteria directly in the scientific literature [39] [44] [48]
[51] [52] [57]-[59].
Nine papers in the bibliographic set use the following instruments to identify the evaluation criteria:
• (1) Historical data from previous projects of the organization itself [60];
• (1) Questionnaires for professionals and recognized experts with knowledge on the topic [49];
• (1) Questionnaires with stakeholders involved in the project [53];
• (3) Brainstorming sessions with stakeholders involved in the project [41] [56] [61];
• (3) Workshops with stakeholders involved in the project [40] [47] [62].
Figure 3 summarizes the methods used to identify the evaluation criteria.

Workshops with stakeholders of the project

3

Brainstorming with stakeholders of the project

3

Questionnaires with stakeholders of the project

1

Questionnaires with outside experts

1

Historical data

1

Academic literature with review by workshops

2

Academic literature with review by questionnaires

4

8

Academic literature

0

1

Figure 3. Methods for identifying the evaluation criteria.
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The analysis of methods used to identify the evaluation criteria used in risk assessment models indicates research opportunities for constructing risk management models with criteria that are identified in accordance with
the vision of the decision maker (values and preferences) regarding the evaluation context.

8.4. Mensuration (Lens 8)
Once the evaluation criteria for the risk assessment have been identified, the manner in which the directions of
preference for each axis are identified, or how the measurement scales are built, is established.
Ordinal scales are widely used in the selected papers, and 18 papers use a specific type of ordinal scale, the
Likert scale (where the scale values are represented by linguistic variables, ordered to represent attractiveness of
a goal or issue) to measure the evaluation criteria [16] [39] [40] [45] [47]-[50] [52]-[59] [61] [62].
Four articles use both ordinal scales (representing absolute values) and Likert scales [5] [41] [51] [60].
One paper uses ordinal scales representing relative values (percentages) for the mensuration of probability
and impact [44].
Likert scales (ordinal) are easily constructed but the theory of measurement [43] [65] implies that the scales
must satisfy six properties to be scientifically valid:
• Measurability;
• Operationality;
• Homogeneity;
• Intelligibility;
• Distinction between the best and worst performance; and
• Respect for the properties of ordinal scales.
Recognizing this limitation, ten papers in the bibliographic set using processes to transform the ordinal scales
into cardinal scales to expand the understanding of the context by allowing a given level of risk of a criterion to
be compared to the same level of risk for another criterion [5] [16] [41] [44] [49] [50] [52] [54] [56] [57] [62].
Using the knowledge provided by cardinal scales, we have the opportunity to provide a process for the integration of scales without disregarding the limits of ordinal scales, which are used for mathematical operations of
frequency, count, median, and mode [65].
However, in these 10 papers, the processing is performed without defining reference levels to equalize what is
considered normal or optimal performance, which can be seen as a restriction when compared to pairwise comparisons [66].
Thus, future research should investigate the use of processes to transform ordinal scales into cardinal scales
that consider reference levels and are conducted in accordance with the value judgments of the decision maker.

8.5. Research Opportunities
The procedures performed in the systematic analysis facilitated the identification of opportunities for research in
the development of risk management models and the methods used to develop these models. These opportunities
are presented in Table 9.

9. Conclusions
Given the importance of academic research for building knowledge in the researcher, enabling him to identify
the current state of knowledge on a topic and facilitating the construction of hypotheses and research questions
that will guide the development of his research, this work presents a structured process for academic research for
composition of a theoretical framework (ProKnow-C). This process ensures the creation of a bibliographic set of
comprehensive, representative, and relevant papers on risk management models developed for construction.
The procedures of the ProKnow-C [20], in its first stage, allowed the researchers to select from a gross sample
of 12,032 papers, among which the 23 most relevant papers presented qualitative and/or quantitative models for
risk management in construction.
These procedures highlighted the current state of academic knowledge on the topic of research, allowing the
researcher to obtain new knowledge that was further supported by the identification of journals and authors who
stood out in publications on the topic based on bibliometric analyses of the items in the bibliographic set.
The bibliometric analyses, the second step of ProKnow-C (2010), which are based on statistical analyses,
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identified the journals that stood out in the publications on the topic and in their references. The “International
Journal of Project Management” and “Journal of Construction, Engineering and Management” are among the
top 3 journals based on the publications on the topic and in their references.
In relation to the authors of the papers, the bibliometric analyses identified two authors that were featured in
publications on the topic: Diekmen, I. and Birnogul, M. T., both of whom are authors on four of the 23 selected
papers.
The third step of the ProKnow-C [20], the systematic analysis of the papers, was performed from the researchers’ perspective of knowledge. This perspective is structured as ten research lenses (Table 8), which are
based on the concepts of risk and risk management proposed by PMBOK [13] and performance evaluation by
Ensslin et al. [43].
The concept of performance evaluation had been adopted because the researchers recognized the need to generate knowledge that enables the decision maker to evaluate the context that will be modified by their decisions
(constructivist approach) and the implicit acceptance of the uniqueness of risk perception, which is evaluated
and measured as a function of the decision maker’s own values and preferences.
The results of the systematic analysis highlighted the fact that risk management is a broad and complex subject, especially when management seeks to both avoid or minimize risks and guide the organization to a level at
which some of these risks can be turned into competitive advantages in the market. Furthermore, the unique nature of risk perception makes models developed in a particular context suitable only for that context.
The adoption of the constructivist process (ProKnow-C) allowed the proposed objectives in the introduction
of this research to be met, namely 1) provide a process for selecting references (bibliographic set) for risk management models in construction; 2) highlight the relevance of the set through a bibliometric analysis of the papers, references, authors, and journals; and 3) analyze the selected papers that address the unique aspects of risk
perception.
The use of these procedures facilitated the acquisition of knowledge, answered the question initially proposed
in this research, and enabled the researchers to identify several research opportunities. If such opportunities had
been incorporated into a risk management model for construction, the opportunities would allow the model developed for use as a tool for risk management, allowing competitive advantages to be realized in the market.
We believe that this study will contribute to future studies based on structured processes for the selection and
presentation of papers, authors, and journals most relevant to a given topic, creating a consistent theoretical
framework for the support of future research. Using these same structured processes, the research opportunities
identified from the systematic analysis of the content of the selected papers will create a foundation for the research objectives.
As a proposal for future work, we suggest the adoption of constructivist methodologies, such as Multicriteria
Decision Aid—Constructivist Methodology (MCDA-C), which was proposed by Ensslin et al. [67], to develop
risk management models for the construction industry. These models will allow the research opportunities reported in this work to be achieved and will thus contribute to the advancement of risk management in construction.
This study is not without limitations; in particular, two limitations are (1) the definition of the sample field of
research because only papers with full texts that were available from the periodic system of CAPES in October
2011 were considered [25] and (2) the unique context of the systematic review process because these limitations
are based on the judgment of the researchers and linked to their values, preferences, and prior knowledge.
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