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ABSTRACT

This paper proposes a decision model for a maturity model choice problem via the multiple-criteria 
decision analysis method. The authors implemented the model in FITradeoff decision support system 
to select a project management maturity model for a Brazilian industry operating in the sector of 
distributing natural gas. FITradeoff is a flexible and interactive procedure of elicitation for multi-
criteria additive models that requires only partial information from the decision maker (i.e., there is no 
need to elicit very detailed information from the decision maker, an approach that the decision maker 
can find laborious and tiring). The authors observed that the use of a multi-criteria approach imposes 
certain rigor and pattern on the decision process to select a maturity model in project management. 
Applying the model enabled comparison of information from the four maturity models and therefore 
selecting a project management maturity model based on the decision-maker preferences.
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INTRoDUCTIoN

When an organization needs to decide which domain to improve, many different directions may be taken. 
There are a number of different changes that are possible since, in many cases, it is unclear exactly how 
to modify a process (Helgesson et al., 2012). That is, is not easy to decide how to change a process in 
the best way possible. In order to ease the decision-making process, maturity models (MMs) are used. 
MMs accept that expected patterns (theorised in stages) exist in the development of organizations and 
aid organizations to direct their improvement plans (Gottschalk & Solli-Saether, 2006).

Studies have reported that, in some cases, there is more than one model for the same domain (Wendler, 
2012; Santos-Neto & Costa, 2019). The large number of models for the same domain may hinder the 
decision by which MM best aligns with organizational objectives. One way to solve this problem is to use 
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multi-criteria decision making (MCDM) methods. MCDM is a methodology for selecting alternatives 
according to several independent criteria (Wang et al., 2006; Shen et al., 2015). MCDM methods admit a 
systematic view of the problem assessing its positive and negative characteristics comparatively (Lacerda, 
Santos-Neto & Martins, 2021). Besides that, allow to making a decision by choosing the best one from a 
set of options in the attendance of multiple and conflict attributes (Lu et al., 2009).

MCDM methods are efficient in comparing alternatives via multiple attributes allowing the 
combination of both subjective and objective attributes (Monat, 2009; Rodrigues et al., 2022). Hence, 
MCDM methods can support the Decision Maker (DM) in a problem concerning a choice of MMs 
by comparing information and characteristics from the MMs through of a set of attributes. Therefore, 
this study proposes a solution to an MM choice problem within the Project Management (PM) domain 
that involves using an MCDM method. As shown in Santos-Neto & Costa (2019), the PM domain has 
a greater number of published papers on MM than other domains. In other words, demonstrating the 
applicability of MMs in the PM domain is one of the approaches that stands out most in the MM literature.

In addition, in order to achieve the objective of this study, FITradeoff was the MCDM method 
selected to choose among MMs. FITradeoff is a decision support method that, by using multi-criteria 
analysis and a DM’s preferences, enables the selection process to be carried out flexibly and interactively 
when assessing a set of alternatives with multiple criteria (Almeida et al., 2016; Souza Ribeiro et al., 
2021). Its flexible and interactive application allows paths to be built in accordance with the DM’s 
responses. The solution can be found at any time and the procedure terminated. Therefore, the FITradeoff 
method was chosen because it requires less effort on the part of the DM, thereby facilitating the choice 
process, and can be implemented in an easy-to-use Decision Support System (DSS).

The proposed model was applied to a real problem in a Brazilian organization which processes and 
distributes natural gas. It engages in projects related to technological research and the infrastructure 
needed to acquire, store, and transport natural gas. Its managerial practices focus on project 
management. However, it does not yet forecast and monitor the maturity of its activities related to 
project management, which justifies selecting a tool that supports PM decisions.

This paper comprises seven sections, including this Introduction. Section 2 and 3 provides brief 
background information on ‘MMs in PM’, and the ‘FITradeoff’ method. Section 4 shows the research model 
and describes the method and procedures used. A detailed description of the research model is given so that 
it can be reproduced in future studies. Section 5 reports on and discusses the results of applying the proposed 
research model. Section 6 do a short discussion of our results, possible limitations, and avenues for future 
investigation. In addition to drawing some conclusions, Section 7 presents the main contributions of the paper.

BACKGRoUND

The essence of MMs lies in their evolutionary nature, namely, they consist of a series of stages in 
which the complexity of the business activity is increased from one level to another until the last 
stage, at which time the highly complex activity is managed perfectly (Serna, 2012). Furthermore, 
such models strengthen businesses by ensuring that they have set up the operational conditions needed 
to manage organizational change satisfactorily.

Although the MM approach was first used in computing and software engineering, its application 
has spread to various other fields (Santos-Neto & Costa 2019), such as supply chain management 
(McCormack, 2008), business process management (Lima et al., 2017), education (Bollin et al., 2018), 
agile process management (Nurdiani et al., 2019; Gren et al., 2015), and, as in this paper, PM (Neves 
et al., 2013; Crawford, 2006). PM is one of the approaches that stands out most in the MM literature. 
This topic is attracting increasing attention in business and academic circles by offering practices that 
aim to contribute to approaching organizational problems in a systematic way (Scotelano et al., 2017).

Apart from needing to have a well-defined beginning and end, a project involves a series of steps 
with specific objectives that require monetary, human, and material resources to be available in the 
amounts and at the level of knowledge and experience needed to meet tight deadlines (Neves et al., 2013).
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Maturity Models for the PM domain have an important role in helping organizations make 
decisions and adopt best practices in PM. Project Management Maturity Models (PMMMs) are 
designed to assess the ability of an organization to make the best use of resources that are aligned to 
the best practices for the domain in question. Thus, maturity in PM seeks to express the extent to which 
an organization is able to implement its projects and achieve its goals (Andersen & Jessen, 2003). 
That is, organizations with high maturity level in project management domain avoids the problems 
proactively by predicting them before they occur (Cerdeiral & Santos, 2019).

According to Görög (2016), PM maturity is a higher occurrence topic in both international 
conferences and professional journals. Several organizations are developing MMs in PM. However, 
in this study, was selected only four MMs quoted in the literature for the choice problem. In order to 
make our selection, was consulted a systematic review performed by (Santos-Neto & Costa, 2019) in 
which the objective was to examine published papers that presented research developments in MMs. 
In their study, they identified 15 papers with a focus on MM applications in the PM domain. The 
PMMMs which were more frequently applied, according (Santos-Neto & Costa, 2019), were PM 
Solutions’ PMMM (Crawford, 2006) and the Organizational PMMM (OPM3) (PMI, 2008).

In addition to PM Solutions’ PMMM and OPM3, was selected Kerzner’s PMMM (KPMMM) 
(Kerzner, 2017) and Prado’s PMMM (P2M3) (Neves et al., 2013). KPMMM because this model 
can evaluate maturity levels throughout the various phases of an organization’s PM life cycle (i.e., 
its embryonic, executive management acceptance, growth, and maturity phases) (Bay & Skitmore, 
2006). And, P2M3 was selected because it is in tune with Brazilian culture, the country in which the 
company which is the focus of this study is located (Neves et al., 2013).

Table 1 compares the PMMMs selected for this study. It indicates the maturity level of each 
model, whether or not elements of the Guide to the Project Management Body of Knowledge (PMBOK 
guide) have been incorporated into each model’s structure and the main advantages of each model.

PM Solutions’ PMMM is considered to be a formal tool and has the Capability Maturity Model 
(CMM®) as its theoretical basis. It has five evolutionary levels of maturity, which are aligned to 
developing maturity in the nine areas of the PMBOK guide - Guide to the Project Management Body of 
Knowledge (PMI®) (Appleby, 2007). It has evaluation software that is made available to PM Solutions’ 
official consultants for individual evaluation only. The OPM3 is the maturity model developed by the 

Table 1. 
Comparison of the MMs selected for the choice problem

MM Maturity level Main advantages

PM Solutions’ Project 
Management Maturity 
Model (PMMM)

Level 1- Initial Process, Level 2- 
Structured Process and Standards, 
Level 3- Organizational and 
Institutionalized Standards, Level 
4- Managed Process, and Level 5- 
Optimizing Process

-It has evaluation software for consultants. 
-It has an application questionnaire. 
-It has a book/guide for orientation. 
-The evaluated results are used as a basis for the 
improvement of the plan development; however, the 
model does not show how this part is done.

Organizational Project 
Management Maturity 
Model (OPM3)

Level 1- Standardize, Level 2- 
Measure, Level 3- Control, and Level 
4- Improve

-It has an assessment tool.

Kerzner’s Project 
Management Maturity 
Model (KPMMM)

Level 1- Common Language, Level 2- 
Common Processes, Level 3- Singular 
Methodology, Level 4- Benchmarking, 
and Level 5- Continuous Improvement

-It has evaluation software with a free online version. 
-It has an application questionnaire in the guide. 
-The model offers some references on how to build 
an improvement plan based on results.

Prado’s Project 
Management Maturity 
Model (P2M3)

Level 1- Initial (ad hoc), Level 2- 
Known, Level 3- Standardized, Level 
4- Managed, and Level 5- Optimized

-It has a free evaluation tool. 
-It includes the project, program, and portfolio 
dimensions in its structure.

Source: (Kerzner, 2017; Neves et al., 2013; Crawford, 2006; Bay & Skitmore, 2006; PMI, 2008)
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PMI Institute, which publishes the globally accepted standard for project management, the PMBOK 
(Kwak et al., 2015). OPM3 presents itself as possibly the most powerful model in the world market. 
Upon analysing its internal characteristics, the model can be considered robust but complex since it 
has an evaluation instrument with more than 150 questions, a database with approximately 600 best 
practices, and provides an internal program to assist in developing the improvement plan (PMI, 2008).

KPMMM was developed in 1998 and is aligned with the practices of the PMBOK guide (Bay 
& Skitmore, 2006). KPMMM is applied by using a questionnaire containing 183 questions, which 
are split into sub-sections having 80, 20, 42, 25 and 16 questions, respectively, for each of the five 
maturity levels present in the model (Kerzner, 2017). The P2M3 is characterized by the simplicity 
of its questionnaire, its practical way of obtaining the scores, and its applicability to the various 
sectors of an organization, as well as to the organization as a whole (Souza & Gomes, 2015). As 
mentioned previously, P2M3 is in tune with Brazilian culture since it has been used by many Brazilians 
institutions. Additionally, it is available online at ‘http://www.maturityresearch.com (Neves et al., 
2013). The dimensions addressed in the model are: technical and contextual competence, practical 
use of methodology, computerization, organizational structure, alignment with the organization’s 
business (strategic alignment), and behavioural competence.

THe FITRADeoFF MeTHoD

FITradeoff is a multi-criteria method built on a DSS that uses a notion of flexible elicitation; in other 
words, it requires less effort from the DM (Almeida et al., 2016). Just as in a traditional trade-off 
(Keeney & Raiffa, 1976) and SWING (Mustajoki et al., 2005), FITradeoff elicits weights in a process 
that allows the alternative with the highest added value be identified. Applying the DSS defines the 
weights of Multi-attribute Value Theory (MAVT), in which the alternatives are scored according to 
the function value (Eq. 1) of additive aggregation (Lima et al., 2017; Santos et al., 2022):

v a k v x
j
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i i ij
( )= ( )

=
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 (1)

In this equation, v(aj) is the global value of alternative j, ki is the weight of criterion i, and vi(xij) 
characterizes the value of alternative j for criterion i.

The flexibility of the FITradeoff means that the elicitation procedure can be changed easily and 
adapted to different conditions, periods and circumstances. Thus, the path upon which the procedure 
is implemented may not follow all the steps that the standard procedure requires. Instead, the steps 
are chosen according to the different conditions that arise during the process (Almeida et al., 2016). 
Hence, the expectation is that the DM will offer less information than in the standard procedure.

In the traditional tradeoff procedure, an indifference (I) relationship must be obtained between 
the two consequences to find the value of the scale constant ki. Therefore, the traditional tradeoff 
based method requires complete DM information to find the solution to the problem (Lacerda, 
Santos-Neto & Martins, 2021). The comparison process is repeated, providing information until a 
solution can be reached.

The DSS for the FITradeoff application is available free of charge at ‘http://fitradeoff.org/’. The 
method follows three steps during which the flexible and interactive elicitation process can be applied 
(Almeida et al., 2016). Figure 1 shows the procedures for applying FITradeoff.

In step 1, the value function is obtained for each alternative and each criterion. In this case, 
it should be ensured that the appropriate normalization procedure is applied since the elicitation 
procedure in an additive model that depends on the scale adopted (Frej et al., 2017). Although there 
are other normalization methods, the DSS automatically normalizes the data as shown in (Eq. 2) 
(Lima et al., 2017):

http://www.maturityresearch.com
http://fitradeoff.org/&#x2019;
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where v´j(ai) is the normalized value, and vj(ai) is the value of alternative j for criterion i.
Step 2 is divided into 2.1, in which the criteria are ordered, and 2.2, where the attempt to solve 

the weight space selection problem occurs using the information obtained in 2.1. In 2.2, LP is used 
to solve the problem of the objective function (Eq. 3) and determine what the restrictions are for (Eq. 
3) and (Eq. 4) (Lima et al., 2017).

Subject to restrictions:
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where ki represents the weight for criterion i, vi(xij) is the value of alternative j for criterion i, and 
vi(xiz) is the value of alternative z for criterion i.

If a single solution is found, the process is finalized. During finalization, the weight ranges that 
support the solution are calculated and produced in a report which makes the final recommendation 
(Almeida et al., 2016). If a single solution is not found, step 3 is initiated.

Figure 1. 
The FITradeoff method (Source: Adapted from Almeida et al., 2016)
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At this point in the FITradeoff, a compensation procedure is executed to find the DM’s preferences. 
The consequences are explored, and sequential tries are made to attempt to resolve the problem with 
the information obtained to that instant. The third step begins by requesting the DM to choose between 
two consequences: the first consequence, in which all the criteria, with the exclusion of criterion 
1, are assessed with the worst outcomes, and second consequence, where all the criteria, with the 
exception of the last criterion, are assessed with worse outcome. The comparison procedure is repeated 
(for other consequences), and, concluded each DM answer conferring to his/her preferences, new 
restrictions will be used in an LP model (Lima et al., 2017). The LP model orders the alternatives 
while taking into account the restrictions that have been incorporated into the model as preferences 
are found. Doing so allows the alternatives to be classified into three different conditions: potentially 
optimized, dominated, or ideal (Lima et al., 2017). The step is finished if a unique solution is found. 
Further detail on the procedure can be found in Almeida et al. (2016).

DeCISIoN MoDeL PRoPoSeD

As discussed in the Introduction, this study seeks to select a MM to PM using the DSS FITradeoff. 
The problem will be dealt with by using a multi-criteria approach. Specifically, modelling will be 
applied in order to choose an MM in PM, taking into account the DM’s preferences and the evaluation 
of a set of alternatives using multiple criteria. The FITradeoff is a multi-criteria method with a 
compensatory rationality. In a decision problem, a compensatory, or a non-compensatory, rationality 
should be checked with the DM’s preference before choice a multi-criteria method (Martins et al., 
2017). When asked to DM, a compensatory rationality was chosen for this application.

Was created a research model based on the framework defined in Almeida et al. (2015). The 
flow-chart of the decision model proposed is given in Figure 2.

In the preliminary phase, the first step of the research model consists of characterizing the DM 
and other actors. At this step, the person responsible for deciding which PMMM to adopt for the 
organization must be identified within the organization. Other actors may also contribute to the 
problem. For instance, specialists may support the DM by providing information for the decision 
process (Almeida et al., 2015).

The second step is performed to structure the problem of choice. In this step it is defined the 
family of criteria and the set of potential MMs. The criteria should represent the objectives of the 
problem decision must be identified and always be validated with the DM (Almeida et al., 2015). 
Additionally, in step two, the set of decision alternatives identified must be able to present a PMMM 
that could reach the objective of the problem.

For step three, construction of the decision matrix, in the preferences modelling phase, the MMs 
identified for the domain approached in the previous steps should be evaluated according to each 
criterion defining and building the consequence matrix: PMMM versus criteria. For this step, the 
literature is consulted in order to gather information to evaluate the performance of each alternative 
in each criterion of the problem.

In step four, the multi-criteria FITradeoff method should be applied according to the procedures 
described in Section 3 of this paper, and, the results of the models are analysed in step five. At this 
step, a sensitivity analysis is performed through the DSS. Thus, variations in the parameters used can 
be executed by building situations to confirm the robustness of the resultand.

In step six, the suggested solution is presented to the DM. In the following section, the proposed 
model is applied and the steps used are discussed in greater detail.

APPLICATIoN oF A DeCISIoN MoDeL

The company focus of this study has a concession to work with projects in the following services: the 
implementation of technological research services, exploration, production, acquisition, and storage 
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of natural gas; the independent production and sale of electric energy; the transport, import, export, 
manufacture, and assembly of the components needed to supply the gas market; and the distribution 
and sale of gas and/ or by-products and derivatives. The manager of the project office organization, 
who has worked for the company for more than 14 years and has undertaken his current function for 
more than 7 years, was designated as the DM, according to step 1.

In the second step, which is to define the family of criteria, it was taken into account that each 
criterion is seen as representing objectives, i.e., the criteria must be defined in order to measure the 
performance achieved in meeting the objectives (Almeida et al., 2015). The objective of the problem 
was defined as selecting a PMMM that can be applied to any segment that reliably expresses the real 
maturity in the PM of the organization, that allows the creation of an evolutionary action plan, and 
that is not exhausting to apply. The family of criteria was built from research in the MM evaluation 
literature. The criteria were extracted from three surveys that were conducted for the studies by Lima 
et al. (2017), Van Looy et al. (2013), and Man (2007).

The first two of these studies presented criteria for evaluating MMs for managing business 
processes (BPMMs), and Man (2007) suggested evaluation criteria for an MM in PM. Were 
selected validated criteria that could be collected from the data available and that were accessible 
in the literature. Moreover, was collected criteria that could be used with respect to choosing MMs 
applicable to any domain. Table 2 details the family of criteria, which consists of 12 criteria, as well 
as the scale of evaluation for each criterion, a brief description of each criterion, and the source of 

Figure 2. 
Decision model for the MM selection problem based on FITradeoff
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each criterion. For further clarification on the criteria selected, see the studies by Lima et al. (2017), 
Van Looy et al. (2013), and Man (2007).

As to the set of alternatives, was opted to choose four MMs in PM with great visibility in the 
literature that could reach the objective of the problem. As detailed previously, the MMs chosen to 
comprise the set of alternatives were: PM Solutions’ PMMM (Crawford, 2006), OPM3 (PMI, 2008), 
KPMMM (Kerzner, 2017), and P2M3 (Souza & Gomes, 2015).

For the third step, the construction of the decision matrix, the criteria were evaluated based on 
information contained in the literature. To identify the validation method, the following studies were 

Table 2. 
Details concerning the family of criteria

Code Criterion Description Evaluation Scale Source

C1 Public domain The degree to which an MM can be 
applied by anyone and not be restricted 
to consultants

1. Application only for 
consultants 
2. Open application

Man (2007)

C2 Purpose The purpose for which the maturity 
model is intended to be used

1. Certification 
2. Awareness 
3. Benchmarking

Lima et al. (2017), 
Van Looy et al. (2013)

C3 Validation 
methodology

Evidence that the maturity model is able 
to assess maturity and helps to enhance 
the efficiency and effectiveness of 
business processes

1. Application 
2. Outcomes

Lima et al. (2017), 
Van Looy et al. (2013)

C4 Architecture 
type

Offers the possibility of defining a road 
map per capability and/or a road map for 
overall maturity

1. Only continuous or 
only staged 
2. Both

Lima et al. (2017), 
Van Looy et al. (2013)

C5 Architecture 
details

The degree of guidance that a maturity 
model gives on a project’s journey 
towards higher maturity

1. Descriptive 
2. Explicit prescriptive 
3. Implicit prescriptive

Lima et al. (2017), 
Van Looy et al. (2013)

C6 Data collection 
technique

The way information is collected during 
an assessment

1. Subjective 
2. Objective 
3. Both

Lima et al. (2017), 
Van Looy et al. (2013)

C7 Rating scale The type of data that is collected during 
an assessment

1. Qualitative 
2. Quantitative 
3. Both

Lima et al. (2017), 
Van Looy et al. (2013)

C8 Assessment 
availability/ 
Transparency

Whether the assessment items and 
calculation of level are publicly available 
(instead of being known only to the 
assessors)

1. Fully unknown 
2. Partially known 
3. Fully known

Lima et al. (2017), 
Van Looy et al. (2013)

C9 Direct costs The direct costs of accessing and using a 
maturity model

1. Fee 
2. Free

Man (2007)

C10 Number of 
assessment 
items

The maximum number of questions to 
be answered during an assessment

1. >=300 
2. 100-299 
3. 0-19 
4. 50-99 
5. 20-49

Lima et al. (2017), 
Van Looy et al. (2013)

C11 Industry 
independency

Whether the MM has parameters that 
target a specific or generic segment

1. Specific Segment 
2. General

Lima et al. (2017), 
Van Looy et al. (2013),

C12 Functional role 
of respondents

The explicit recognition that people from 
outside the organisation(s) assessed were 
included as respondents

1. Only internal 
2. Also external

Man (2007)

Source: (Lima et al.,2017; Van Looy et al. 2013; Man, 2007)
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used: Crawford (2006), Grant & Pennypacker (2006), Yazici (2009), Mittermaier and Steyn (2009), 
Ghoddousi et al. (2011), Neves et al. (2013), Bay & Skitmore (2006) and Farrokh & Mansur (2013). 
The information on evaluating the other criteria was obtained from: PMI (2008), Ghoddousi, et al. 
(2011), Kerzner (2017), Bay & Skitmore (2006), Crawford (2006), Farrokh and Mansur (2013), Neves 
et al. (2013) and Souza & Gomes (2015). The consequence matrix with the PMMM evaluation in 
verbal scale is given in Table 3.

For the application of FITradeoff, was explained to the DM the family of criteria, the evaluation 
scale, and the set of alternatives in order to introduce the topics covered during the selection process. 
When seeking to validate the family of criteria with the DM, he was asked if he would like to add or 
remove any criteria. The DM agreed with the criteria selected, and there was no change in the set of 
criteria. At this point, the decision matrix data were entered into the DSS, and the decision-making 
process was started. Figure 3 illustrates the DSS interface with the data on the problem of selecting 
an MM for the PM already entered.

Next, to conduct step 2.1 in Figure 1, it was asked to the DM to order the criteria presented. The 
following question was asked: “Suppose that you can improve the performance of this alternative 
in only ONE criterion to its maximum value. Which criterion would you choose?” The question 
was repeated until all the criteria were ordered, and the result was: C8 > C3 > C9 > C10 > C4 > 
C5 > C6 > C7 > C1 > C2. In step 2.2, using the DSS, was sent out to solve the problem with the 
restrictions generated after the criteria had been ordered. In this case, it was not possible to reach a 
single solution, thus the procedure went to step 3.

As previously mentioned, in step 3 of Figure 1, the DM is presented with two consequences 
(Figure 4). In consequence A, all the criteria are evaluated with the worst results, except the 
criterion ‘Assessment availability/ Transparency’, which is evaluated with a performance close to 
2. In consequence B, all the criteria are evaluated with the worst result except ‘Purpose’, which is 
rated with the best performance. The DM is required to say what his preference is from among the 
options, namely: consequence A, consequence B, indifferent, or no answer. In this comparison, the 
DM opted for consequence B.

The process of choosing between consequences is repeated until a unique solution is reached or 
until the DM wishes to terminate the process. For the case analysed, after a single comparison, the DSS 
defined the weights and made a choice. Table 4 shows the weight that resulted from solving the problem.

When analyzing the results, was observed that the most relevant criteria, in accordance with the 
DM’s preferences, were assessment availability/transparency, the validation methodology, the direct 

Table 3. 
Matrix of consequences

Code OPM3 KPMMM PM Solutions’ PMMM P2M3

C1 2. Open application 2. Open application 1. Application only for consultants 2. Open application

C2 2. Awareness 3. Benchmarking 3. Benchmarking 3. Benchmarking

C3 2. Outcomes 2. Outcomes 1. Application 2. Outcomes

C4 2. Continuous and staged 1. Only staged 2. Continuous and staged 2. Only staged

C5 3. Implicit prescriptive 2. Explicit prescriptive 1. Descriptive 2. Explicit prescriptive

C6 2. Objective 3. Subjective and objective 1. Subjective 3. Subjective and objective

C7 1. Qualitative 3. Qualitative and quantitative 1. Qualitative 1. Qualitative

C8 2. Partially Known 3. Fully known 2. Partially Known 3. Fully known

C9 1. Paid 1. Paid 1. Paid 2. Free

C10 2. 100-299 2. 100-299 4. 50-99 5. 20-49

C11 2. General 2. General 2. General 2. General

C12 1. Only internal 1. Only internal 1. Only internal 1. Only internal
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Figure 4. 
The performances of consequences A and B

Figure 3. 
FITradeoff interface
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costs, and the number of assessment items. While these criteria were given a weight of 0.14, the 
others were weighted with a value of 0.07. The maximum value found, 0.82, results from multiplying 
the normalized value function of P2M3 in each one of the criteria by the respective weights obtained 
from the results of the FITradeoff method.

For a sensitivity analysis to be performed, for any set of weight vectors within the space defined 
by the minimum and maximum limits, the global value of the alternative P2M3 is greater than the 
global value of the other alternatives. Thus, it can be seen that P2M3 is the best alternative for a 
large range of weight values (Figure 5). This demonstrates that the model can be considered robust 
for the result found.

Moreover, the DSS enabled a sensitivity analysis to be performed with a variation of the weights. 
The process was carried out using simulations with a variation of ± 10% in the weights of all the 
criteria. The result was that in only 3.69% of the simulations was there a change in the model chosen. 
As to the set of Potentially Optimal Alternatives, P2M3 was allocated in 100% of the simulations, 
and in 3.93% of those for KPMMM. This demonstrates that the model can be considered robust for 
the result found.

CoNCLUSIoN

The main contribution of this study is that it shows that the MCDM method can be considered a 
significant resource in choosing an MM. Specifically, FITradeoff proved to be an efficient method for 
seeking to achieve this objective in the PM domain. It is important to emphasize that the algorithm 
behind the DSS allows the DM to provide partial information during the decision process, which 
makes the procedure less exhausting for him/her and thereby facilitates the use of the application 
and the decision-making process.

Was undertook this study to develop a decision model for MM selection. To this, was structure 
a multi-criteria decision model based on the FITradeoff DSS. Figure 2 shows the decision model 
proposed with six steps. Was performed an application to test our decision model and validate it for 
the problem of PMMM selection.

Table 4. 
Range of weights resulting from the application

C8 C3 C9 C10 C4 C5 C6 C7 C2 C1 Max. Value

P2M3 0.14 0.14 0.14 0.14 0.07 0.07 0.07 0.07 0.07 0.07 0.82

Figure 5. 
Ranges of weights
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Through apply the six steps, was observed that the result represents the DM’s preference for P2M3 
(Table 4). Though, it is important to emphasize that other results can be found in other contexts, e.g., 
a new ordering of criteria or the inclusion/exclusion of new criteria and/or alternatives. As to the 
applicability of the method, from the DM’s point of view, in this problem, the number of questions 
needed to find a final solution was just one. This reveals that the FITradeoff did not demand the DM 
to make much effort to solve this problem. However, variations in how decisions are made tend to 
coincide with variations in who makes the decision (Yates and Oliveira, 2016). Thus, the number of 
questions that must be asked under the FITradeoff method to find a unique solution is not, in general, 
fixed, i.e., it varies in accordance with the DM’s preferences and, the data of the particular problem. 
The DM was asked about the managerial perspective with future MM application in the unit. The 
DM reported that, in recent years, the organization has directed efforts to improve PM, so a positive 
assessment was expected with this application.

As a possible limitation, in Table 2 was proposed a family of criteria that was validated based on 
the opinion of only one DM and only used to assess maturity in the field of PM. Therefore, a gap that 
can be filled by future studies is to search for a method that validates criteria based on procedures that 
draw, in depth, on the opinions of a sample of experts with wide experience that differ from each other.

It is worth underlining the importance of this study in terms of the maturation of research 
related to maturity models. As already presented above, several MMs have already been developed. 
However, there is little concern about how to direct the application of such models to the DM’s goals 
and preferences. In addition, every day at many organizations, important decisions are made that 
directly affect their results and the probability of success in their activities. Research that addresses 
the diverse use of MCDM methods in practice contributes to making available to society alternatives 
better able to analyse information and make decisions. Thus, it is hoped that this study may provide 
a means for choosing an MM that is applicable to supporting managers in the PM domain.

ACKNowLeDGMeNT

This study was financed in part by the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior 
- Brasil (CAPES) - Finance Code 001, the research programme funded by the Brazilian Research 
Council (CNPq), the Federal University of Mato Grosso do Sul (UFMS), and Federal University of 
Pernambuco (UFPE).



International Journal of Decision Support System Technology
Volume 15 • Issue 1

13

ReFeReNCeS

Almeida, A. T., Cavalcante, C. A. V., Alencar, M. H., Ferreira, R. J. P., de Almeida-Filho, A. T., & Garcez, T. 
V. (2015). Multicriteria and multiobjective models for risk, reliability and maintenance decision analysis (Vol. 
231). Springer International Publishing. doi:10.1007/978-3-319-17969-8

Almeida, A. T., de Almeida, J. A., Costa, A. P. C. S., & de Almeida-Filho, A. T. (2016). A new method 
for elicitation of criteria weights in additive models: Flexible and interactive tradeoff. European Journal of 
Operational Research, 250(1), 179–191. doi:10.1016/j.ejor.2015.08.058

Andersen, E. S., & Jessen, S. A. (2003). Project maturity in organisations. International Journal of Project 
Management, 21(6), 457–461. doi:10.1016/S0263-7863(02)00088-1

Appleby, T., Cabanis-Brewin, J., Crawford, J. K., Cruz, F., Pennypacker, J. S., West, J. L., & White, K. R. J. (2007). 
Advancing Organizational Project Management Maturity. USA: CBP–Center for Business Practices. Glen Mills.

Bay, A. F., & Skitmore, M. (2006). Project management maturity: Some results from Indonesia. Journal of 
Building and Construction Management, 10(1), 1–5.

Bollin, A., Reçi, E., Szabó, C., Szabóová, V., & Siebenhofer, R. (2018). Applying a maturity model during 
a software engineering course–How planning and task-solving processes influence the course performance. 
Journal of Systems and Software, 144, 397–408. doi:10.1016/j.jss.2018.07.009

Cerdeiral, C. T., & Santos, G. (2019). Software project management in high maturity: A systematic literature 
mapping. Journal of Systems and Software, 148, 56–87. doi:10.1016/j.jss.2018.10.002

Crawford, J. K. (2006). Project management maturity model. Auerbach Publications, 23(4), 50–58. doi:10.120
1/1078.10580530/46352.23.4.20060901/95113.7

Farrokh, J., & Mansur, A. K. (2013). Project management maturity models and organizational project management 
maturity model (OPM3®): A critical morphological evaluation. Project Management, 2(7), 23-33.

Freitas, P. S., Dargam, F., Ribeiro, R., Moreno, J. M., & Papathanasiou, J. (2019, May). Maturity models in 
project management for software development. In EmC-ICDSST 2019 5 th International Conference on Decision 
Support System Technology–ICDSST 2019 & EURO Mini Conference 2019 on “Decision Support Systems: 
Main. doi:10.1002/smr.560

Frej, E. A., Roselli, L. R. P., Araújo de Almeida, J., & de Almeida, A. T. (2017). A multicriteria decision model 
for supplier selection in a food industry based on FITradeoff method. Mathematical Problems in Engineering, 
2017, 1–9. Advance online publication. doi:10.1155/2017/4541914

Ghoddousi, P., Amini, Z., & Hosseini, M. R. (2011). A survey on the maturity state of Iranian grade one 
construction companies utilizing OPM3 maturity model. Technics Technologies Education Management, 6(1), 
69–77.

Görög, M. (2016). A broader approach to organisational project management maturity assessment. International 
Journal of Project Management, 34(8), 1658–1669. doi:10.1016/j.ijproman.2016.08.011

Gottschalk, P., & Solli‐Sæther, H. (2006). Maturity model for IT outsourcing relationships. Industrial Management 
& Data Systems, 106(2), 200–212. Advance online publication. doi:10.1108/02635570610649853

Grant, K. P., & Pennypacker, J. S. (2006). Project management maturity: An assessment of project management 
capabilities among and between selected industries. IEEE Transactions on Engineering Management, 53(1), 
59–68. doi:10.1109/TEM.2005.861802

Keeney, R. L., & Sicherman, A. (1976). Assessing and analyzing preferences concerning multiple objectives: 
An interactive computer program. Behavioral Science, 21(3), 173–182. doi:10.1002/bs.3830210304

Kerzner, H. (2017). Project management: A systems approach to planning, scheduling, and controlling. John 
Wiley & Sons.

Kwak, Y. H., Sadatsafavi, H., Walewski, J., & Williams, N. L. (2015). Evolution of project based organization: A 
case study. International Journal of Project Management, 33(8), 1652–1664. doi:10.1016/j.ijproman.2015.05.004

http://dx.doi.org/10.1007/978-3-319-17969-8
http://dx.doi.org/10.1016/j.ejor.2015.08.058
http://dx.doi.org/10.1016/S0263-7863(02)00088-1
http://dx.doi.org/10.1016/j.jss.2018.07.009
http://dx.doi.org/10.1016/j.jss.2018.10.002
http://dx.doi.org/10.1201/1078.10580530/46352.23.4.20060901/95113.7
http://dx.doi.org/10.1201/1078.10580530/46352.23.4.20060901/95113.7
http://dx.doi.org/10.1002/smr.560
http://dx.doi.org/10.1155/2017/4541914
http://dx.doi.org/10.1016/j.ijproman.2016.08.011
http://dx.doi.org/10.1108/02635570610649853
http://dx.doi.org/10.1109/TEM.2005.861802
http://dx.doi.org/10.1002/bs.3830210304
http://dx.doi.org/10.1016/j.ijproman.2015.05.004


International Journal of Decision Support System Technology
Volume 15 • Issue 1

14

Lacerda, N. L. B., dos Santos-Neto, J. B. S., & Martins, C. L. (2021). MCDM Model for Natural Gas Pressure 
Reducing Station Site Selection. International Journal of Decision Support System Technology, 13(1), 67–84. 
doi:10.4018/IJDSST.2021010104

Lima, E. S., Viegas, R. A., & Costa, A. P. C. S. (2017, October). A multicriteria method based approach to the 
BPMM selection problem. In 2017 IEEE International Conference on Systems, Man, and Cybernetics (SMC) 
(pp. 3334-3339). IEEE. doi:10.1109/SMC.2017.8123144

Lu, J., Zhu, Y., Zeng, X., Koehl, L., Ma, J., & Zhang, G. (2009). A linguistic multi-criteria group decision 
support system for fabric hand evaluation. Fuzzy Optimization and Decision Making, 8(4), 395–413. doi:10.1007/
s10700-009-9068-z

Man, T. J. (2007). A framework for the comparison of maturity models for project-based management [PhD 
diss.]. Utrecht University, Utrecht, The Netherlands.

Martins, C. L., López, H. M. L., de Almeida, A. T., Almeida, J. A., & de Oliveira Bortoluzzi, M. B. (2017). An 
MCDM project portfolio web-based DSS for sustainable strategic decision making in an electricity company. 
Industrial Management & Data Systems, 117(7), 1362–1375. Advance online publication. doi:10.1108/IMDS-
09-2016-0412

McCormack, K., Ladeira, M. B., & de Oliveira, M. P. V. (2008). Supply chain maturity and performance in Brazil. 
Supply Chain Management, 13(4), 272–282. Advance online publication. doi:10.1108/13598540810882161

Mittermaier, H. K., & Steyn, H. (2009). Project management maturity: An assessment of maturity for developing 
pilot plants. South African Journal of Industrial Engineering, 20(1), 95–108. doi:10.7166/20-1-86

Monat, J. P. (2009). The benefits of global scaling in multi-criteria decision analysis. Judgment and Decision 
Making, 4(6), 492–508. doi:10.1017/S1930297500004034

Mustajoki, J., Hämäläinen, R. P., & Salo, A. (2005). Decision support by interval SMART/SWING—Incorporating 
imprecision in the SMART and SWING methods. Decision Sciences, 36(2), 317–339. doi:10.1111/j.1540-
5414.2005.00075.x

Neves, L. A. L. D., Nunes, L. E. N. D. P., Corrêa, V. A., & Rezende, M. C. (2013). Application of the Prado-
Project Management Maturity Model at a R&D Institution of the Brazilian Federal Government. Journal of 
Aerospace Technology and Management, 5(4), 459–465. doi:10.5028/jatm.v5i4.272

Nurdiani, I., Börstler, J., Fricker, S., Petersen, K., & Chatzipetrou, P. (2019). Understanding the order of agile 
practice introduction: Comparing agile maturity models and practitioners’ experience. Journal of Systems and 
Software, 156, 1–20. doi:10.1016/j.jss.2019.05.035

Project Management Institute. (2008). Organizational Project Management Maturity Model (OPM3®). Project 
Management Institute.

Rodrigues, K. T., Martins, C. L., dos Santos Neto, J. B. S., Fogaça, D. R., & Ensslin, S. R. (2022). Decision-
Making Model to Assess the Organizational Climate in Healthcare Organizations. International Journal of 
Decision Support System Technology, 14(1), 1–19. doi:10.4018/IJDSST.286182

Santos, L. A., Dos Santos, A. F. A., de Assis, A. G., da Costa Júnior, J. F., & de Souza, R. P. (2022). Model to 
support intervention prioritization for the control of Aedes aegypti in Brazil: A multi-criteria approach. BMC 
Public Health, 22(1), 1–11. doi:10.1186/s12889-022-13006-1 PMID:35538565

Santos-Neto, J. B. S. D., & Costa, A. P. C. S. (2019). Enterprise maturity models: A systematic literature review. 
Enterprise Information Systems, 13(5), 719–769. doi:10.1080/17517575.2019.1575986

Serna, E. (2012). Maturity model of Knowledge Management in the interpretativist perspective. International 
Journal of Information Management, 32(4), 365–371. doi:10.1016/j.ijinfomgt.2011.12.001

Shen, F., Xu, J., & Xu, Z. (2015). An automatic ranking approach for multi-criteria group decision making 
under intuitionistic fuzzy environment. Fuzzy Optimization and Decision Making, 14(3), 311–334. doi:10.1007/
s10700-014-9201-5

Sousa Ribeiro, M. L., Peixoto Roselli, L. R., Asfora Frej, E., Teixeira de Almeida, A., & Costa Morais, D. 
(2021). Using the FITradeoff method to solve a shopping mall location problem in the northeastern countryside 
of Brazil. Control and Cybernetics, 50(1).

http://dx.doi.org/10.4018/IJDSST.2021010104
http://dx.doi.org/10.1109/SMC.2017.8123144
http://dx.doi.org/10.1007/s10700-009-9068-z
http://dx.doi.org/10.1007/s10700-009-9068-z
http://dx.doi.org/10.1108/IMDS-09-2016-0412
http://dx.doi.org/10.1108/IMDS-09-2016-0412
http://dx.doi.org/10.1108/13598540810882161
http://dx.doi.org/10.7166/20-1-86
http://dx.doi.org/10.1017/S1930297500004034
http://dx.doi.org/10.1111/j.1540-5414.2005.00075.x
http://dx.doi.org/10.1111/j.1540-5414.2005.00075.x
http://dx.doi.org/10.5028/jatm.v5i4.272
http://dx.doi.org/10.1016/j.jss.2019.05.035
http://dx.doi.org/10.4018/IJDSST.286182
http://dx.doi.org/10.1186/s12889-022-13006-1
http://www.ncbi.nlm.nih.gov/pubmed/35538565
http://dx.doi.org/10.1080/17517575.2019.1575986
http://dx.doi.org/10.1016/j.ijinfomgt.2011.12.001
http://dx.doi.org/10.1007/s10700-014-9201-5
http://dx.doi.org/10.1007/s10700-014-9201-5


International Journal of Decision Support System Technology
Volume 15 • Issue 1

15

João Batista Sarmento dos Santos-Neto is an Assistant Professor at Federal University of Mato Grosso do Sul. He 
holds PhD in Management Engineering from Federal University of Pernambuco and is researcher of the Institute 
of Information Systems and Decision Aiding Methods (IISDAM). His research interests include Multiple Criteria 
Decision Making/Aid and Decision Support Systems.

Ana Paula Cabral Seixas Costa is Associate Professor of Management Engineering at the Federal University 
of Pernambuco, member of the CDSID (Center for Decision Systems and Development). Her main research 
interests are in Information Systems, Decision Support Systems and Multiple Criteria Decision Making (MCDM). 
Her works have been published in journals such as IJIM, EJOR, IJPE, IJPM and Expert Systems. She is Head of 
the Management Engineering Department at UFPE. She is a member of the EURO Working Group on Decision 
Support Systems. She has actively participated in international events in the area of Information Systems and 
Decision Support, such as EWGDSS International Conference, GDN and AMCIS, as well as streaming the area 
in events such as IFORS and EURO.

Souza, T. F., & Gomes, C. F. S. (2015). Assessment of maturity in project management: A bibliometric study 
of main models. Procedia Computer Science, 55, 92–101. doi:10.1016/j.procs.2015.07.012

Souza Scotelano, L., da Conceição, R. D. P., da Costa Leonídio, U., & de Jesus, C. S. (2017). Project management 
maturity model: The case in an automotive industry in Brazil. Brazilian Journal of Operations & Production 
Management, 14(4), 500–507. doi:10.14488/BJOPM.2017.v14.n4.a6

Van Looy, A., De Backer, M., Poels, G., & Snoeck, M. (2013). Choosing the right business process maturity 
model. Information & Management, 50(7), 466–488. doi:10.1016/j.im.2013.06.002

Wang, J., Liu, S. Y., Zhang, J., & Wang, S. Y. (2006). On the parameterized OWA operators for fuzzy MCDM 
based on vague set theory. Fuzzy Optimization and Decision Making, 5(1), 5–20. doi:10.1007/s10700-005-4912-2

Wendler, R. (2012). The maturity of maturity model research: A systematic mapping study. Information and 
Software Technology, 54(12), 1317–1339. doi:10.1016/j.infsof.2012.07.007

Yates, J. F., & de Oliveira, S. (2016). Culture and decision making. Organizational Behavior and Human Decision 
Processes, 136, 106–118. doi:10.1016/j.obhdp.2016.05.003 PMID:32288179

Yazici, H. J. (2009). The role of project management maturity and organizational culture in perceived performance. 
Project Management Journal, 40(3), 14–33. doi:10.1002/pmj.20121

http://dx.doi.org/10.1016/j.procs.2015.07.012
http://dx.doi.org/10.14488/BJOPM.2017.v14.n4.a6
http://dx.doi.org/10.1016/j.im.2013.06.002
http://dx.doi.org/10.1007/s10700-005-4912-2
http://dx.doi.org/10.1016/j.infsof.2012.07.007
http://dx.doi.org/10.1016/j.obhdp.2016.05.003
http://www.ncbi.nlm.nih.gov/pubmed/32288179
http://dx.doi.org/10.1002/pmj.20121

