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This research is a prospective analysis of prioritizing research proposals using pre-established criteria and applying the Analytic Hierarchy Process-AHP. The prioritized projects should ensure the competitive advantage of the organization. For this analysis, criteria which take into account other factors, which are not purely technical, were applied. The guiding hypothesis of this study was that it is possible to maintain a competitive portfolio of research proposals, from the analysis of pre-established criteria, using the methodology of the Analytic Hierarchy Process, giving priority to innovation and technology transfer. A key finding was the importance of retrieving research projects' history in the company, and stating gaps to be controlled in future analysis. Six ongoing projects were analyzed by 17 interviewed researchers and scores were given. Results obtained using the multicriteria analysis were similar to that previously applied by the selection committee, validating the hypothesis. We concluded that AHP may assist in the identification and prioritization criteria for project portfolio management.

Introduction

In the globalized world and today's dynamic, it is essential for organizations to maintain their competitive edge. The essence of this differential is aligned to updated strategies, contributing to the achievement of organizational goals. Without this strategic planning any further action may lead to failure. The connection between strategy and the selection and implementation of initiatives is through the funding of proposals and the project portfolio management is responsible for this alignment [START_REF] Archer | An integrated framework for project portfolio selection[END_REF]. According to the Project Management Institute, portfolio management is the collection and management of projects or programs that are grouped together to facilitate the achievement of the strategic objectives of the organization. Therefore, when managing a portfolio, the first premise is that it should be aligned with the organization's strategies. In order to approve the proposals a main approach is that they should be, firstly, be in accordance to the organizations' mission, goals and strategic [START_REF] Killen | Project portfolio management for product innovation[END_REF].

Current literature describes various types of problems related to portfolio management, such as proposals without proper strategic alignment, high demand for funding, presenting decision-making problems, and without reliable information. All these issues are usually responsible for poor performance of the portfolio, as the projects either have low impact or present failures, above the acceptable, in their development [1; 4; 6]. One way to prevent this to happen within the organization is working effectively in the management of the portfolio in all its stages.

The preliminary analysis of the proposals that will be part of the portfolio is essential to the efficiency of the portfolio management. Therefore, classification and selection of these proposals must be a careful process, adopting clear pre-established criteria, which have the supervision of a senior manager. The authors [START_REF] Archer | An integrated framework for project portfolio selection[END_REF] warn that determining the strategic focus of the portfolio should be conducted in a senior management levels because it involves the strategic goals of the institution.

Many organizations organize their portfolio subjectively, not adopting specific criteria or methodologies in selecting their proposals. The decision in which proposal should be funded and developed is still tied to an outsider/insider reviewer analysis, and arbitrary choice, according to the reviewer viewpoint. This exposes the project to risk, and maximizes the value assignment sometimes presenting no significant differences between the proposals, leading to difficulties in selecting the best one [START_REF] Killen | Project portfolio management for product innovation[END_REF]. This subjective assessment, based on the expertise of the reviewers/evaluators is somehow essential in the evaluation process. When proposals are selected by the same criteria, using mathematical and methodological rigor it promotes more confidence to the decision makers [START_REF] Belton | Multiple criteria decision analysis: an integrated approach[END_REF].

Nowadays, there are several tools that work with the classification, selection and prioritization of proposals. One of them, developed in the 1970s, is the Analytic Hierarchy Process (AHP), a mathematical model to support decision making [START_REF] Saaty | Método de análise hierárquica[END_REF]. AHP is a method that is characterized by the ability to analyze a problem and propose a decision-making through the construction of hierarchical levels. The problem is analyzed by pre-established criteria. The criteria are decomposed into sub-criteria up to a certain level. These criteria are organized into a hierarchy descending where the ultimate goals should be at the top, followed by their sub-goals, immediately below, and, finally, the various possible outcomes or alternatives are selected. The scenarios determine the likelihood of achieving the goals. The AHP usually run from the general to the more particular and concrete goal [2; 5].

The objective of this study was to propose a methodology for prioritization and selection of proposals in a company's Research, Development and Innovation (RD & I) using the analytic hierarchy process -AHP.

Methodology

In this study, the criteria were selected with the application of questionnaires which were organized following the guidelines of the AHP. Five questionnaires were distributed to members of the Embrapa Information Technology Headquarters, and Internal secretary of the Technical Committee. The criteria were listed for the purpose of assisting in the evaluation of proposals to be prioritized.

The questionnaire consisted of 8 questions (yes or no options), and the evaluators could choose what they consider relevant in making a decision to prioritize research proposals. They could also add any other criteria that they found beneficial. One evaluator added four additional criteria. With that, the number of criteria was adjusted to the theory of AHP. The author [START_REF] Saaty | Método de análise hierárquica[END_REF] says that must be established between 3-7 criteria, not exceeding the number 9. The total number of criteria listed was in a total of 6 and 15 sub-criteria. The alternatives were the 6 proposals. Figure 1 shows the division of each criterion into sub-criteria in level 1 and 2, respectively. Pairwise comparisons were made between each pair of factors at a given level of the hierarchy in regards to their contribution to the factor at the immediately preceding level. These pairwise comparisons yield a reciprocal (n, n) matrix A, where a ii = 1 (diagonal elements) and a ji = 1/a ij . Suppose that only the first column of matrix A is provided to state the relative importance of factors 2, 3, . . . , n with respect to factor 1. If the judgments were completely consistent, then the remaining columns in the matrix would be completely determined by the transitivity of the relative importance of the factors. However, there would be no consistency except for that created by setting a ji = 1/a ij . Therefore, the comparison needs to be repeated for each column of the matrix; specifically, independent judgments must be made for each pair. A is consistent if and only if Omax = n. However, the inequality of Omax > n always exists; therefore, the average of the remaining eigenvalues can be used as a "consistency index" (CI; Eq. 1), which is the difference between Omax and n divided by the normalizing factor (n -1).

Goal

CI = (Omax -n)/(n -1)
Eq. 1 The CI of the studied problem is compared with the average random index (RI) obtained from associated random matrices of order n to measure the error due to inconsistency [START_REF] Saaty | Método de análise hierárquica[END_REF]. A consistency ratio (CR = CI/RI) with a value ≤ 0.1 should be maintained for the matrix to be consistent; otherwise, the pairwise comparisons should be revised. The homogeneity of factors within each group, a small number of factors in the group, and a better understanding of the decision problem would improve the consistency index.

After selecting the criteria, evaluators were interviewed, and then gave the scores to the 6 research projects and the calculation of the collected data was done in realtime using the online web based software [7].

3.

Results and Discussion

Data from the weight given by each evaluator were organized in tables containing the criteria for the 6 projects. Mean values and standard deviation of the values were calculated for each criterion, as seen in Table 1.

Table 1. Proportional weight of the criteria adopted by the projects' evaluators (%) Total mean score of the weights were calculated and final values are presented in Table 2. The results were ranked and finally compared to the real score the research projects obtained during their previous evaluation by the research committee. Results were similar to those previously obtained, indicating that the methodology using multicriteria analysis is feasible to be used. The success of project portfolio management in an RD & I organization is directly related to the adaptation to organizational strategies and innovation management. In the present study, two methods have been proposed to support the management of a portfolio of Institution RD&I proposals. This analysis was based on the retrospective aspect, as the proposals results were known. This knowledge based on specific criteria was necessary to understand the gaps in research and planning for the future of research in the organization.

Criteria

The use AHP tool to assist in the prioritization criteria for proposals' portfolio management was successful. The AHP is a decision support methodology, which establishes the construction of a hierarchical structure and value judgment for decision making [3; 8]. This methodology does not eliminate the figure of the selecting committee, but it facilitates its performance, using the knowledge for the individual pairwise comparison of the criteria involved in the analysis.

The application of AHP in evaluating 6 projects enabled the prioritization of a project over another, based on technical criteria, considering both the objective and subjective views of these criteria, allowing a greater likelihood of success in project selection. To review and project prioritization, the tool proved to be adequate due to its ability to adapt to different situations that may occur in the proposals evaluation. The application of the tool in a larger set of projects with more evaluators should be considered as a continuation of this work.

Final Remarks

The success of project portfolio management in an RD & I organization is directly related to significant aspects, such as an adaptation to organizational strategies. We used the AHP technique to assist in the prioritization of research proposals within a project portfolio. The AHP is a decision support methodology, which establishes the construction of a hierarchical structure and value judgment for decision making. This methodology does not eliminate the figure of the reviewer, but it facilitates their performance, using his knowledge for the individual pairwise comparison of the criteria involved in the analysis.

The application of AHP in evaluating the proposals enabled the prioritization of a proposal over another, based on technical criteria. The tool proved to be adequate due to its ability to adapt to different situations that may occur in the evaluation process.
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 1 Figure1. Scheme of the goal and the two levels of criteria adopted in the prioritization process of research projects.
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 2 Comparison of the total scores of each research project considering all criteria and the general classification

	Project	Average of	Classification using	Classification by
		score	AHP	Embrapa selecting
				committee
	A	16	4º	Rejected
	B	20	1º	Approved
	C	17	3º	Approved
	D	14	5º	Rejected
	E	14	5º	Rejected
	F	19	2º	Approved