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Abstract

Research and development (R&D) project selection is an important task for organizations with R&D project management. It

is a complicated multi-stage decision-making process, which involves groups of decision makers. Current research on R&D

project selection mainly focuses on mathematical decision models and their applications, but ignores the organizational aspect

of the decision-making process. This paper proposes an organizational decision support system (ODSS) for R&D project

selection. Object-oriented method is used to design the architecture of the ODSS. An organizational decision support system has

also been developed and used to facilitate the selection of project proposals in the National Natural Science Foundation of China

(NSFC). The proposed system supports the R&D project selection process at the organizational level. It provides useful

information for decision-making tasks in the R&D project selection process.
D 2004 Elsevier B.V. All rights reserved.
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1. Introduction making process involving a group of decision
Research and development (R&D) project selec-

tion is an organizational decision-making task com-

monly found in organizations like government

funding agencies, universities, research institutes,

and technology-intensive companies. It is a compli-

cated and challenging task to organizations with the

following reasons: (1) it is very difficult to predict

the future success and impacts of the candidate

projects; (2) it is a multi-stage multi-person decision
0167-9236/$ - see front matter D 2004 Elsevier B.V. All rights reserved.
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makers (e.g. external reviewers and panel experts).

Thus, it can be very hard to manage the decision-

making process, especially when the decision mak-

ers have heterogeneous decision-making strategies

[5,7,22].

In the past four decades, a number of decision

models and methods (e.g. Mathematical Program-

ming and Optimization, Decision Analysis, Economic

Models, and Interactive Method) have been developed

to help organizations make better decisions in R&D

project selection [7,16]. However, current research

findings [14,22] indicate that many of the elaborated

decision models and methods are not being used, and

they have limited impacts on decision makings for

real-world project selection. In order to improve the
DECSUP-10954; No of Pages 11
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Table 1

Major decision tasks in R&D project selection process

No. Decision

task

Decision makers Responsibilities

1 Proposal

submission

1. Division as well as

department

managers of NSFC

2. Applicants

3. Research office

coordinators of the

applicant institutes

1. Validate the content of

proposals

2. Ensure the applicants

and the proposal meet

the application

requirements

2 Selection

of external

reviewers

1. Division managers 1. Assign external

reviewers to proposals

2. Transfer proposals to

appropriate divisions

3 Peer review 1. Division managers

2. External reviewers

1. Evaluate proposals by

external reviewers

2. Validate the content of

review results

3. Coordinate the

evaluation process by

division managers

4 Aggregation

of review

results

1. Division managers 1. Aggregate the external

review results

2. Recommend

proposals for panel

evaluation

5 Panel 1. Department and 1. Make decisions for
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usability of decision models and methods in real

application, decision support systems (DSSs) have

been proposed and developed, which integrate deci-

sion models and methods with computer-based sup-

ports together [5,10,13,14,24]. Although some of the

proposed DSSs are useful, they use decision models

and methods for specific tasks and fail to support the

whole decision-making processes at the organization

level. Since the R&D project selection process typi-

cally involves multiple decision makers in different

organizational units, an organizational decision sup-

port system (ODSS) is more appropriate for R&D

project selection tasks.

ODSS is an integrated decision support tool with

focus on the organization-wide issues rather than

individual, group, or departmental issues [4,6,18]. It

supports organizational decision activities by integrat-

ing model base with database and user interfaces over

the communication networks. ODSS is different from

the traditional DSS in aspects such as goal, scope,

users, technology components, and implementation

methodologies [11,12].

ODSS combines computer and communication

technologies to coordinate decision-making activities

across functional areas and hierarchical layers [20,28].

ODSS architectures have been proposed to support

distributed decision-making tasks with access controls

over the organization [8,17,25]. ODSSs have been

applied in the telecommunication organizations [11],

the military [3], the governments [23], and other

organizations [2,19,21]; however, few research can

be found in ODSS for R&D project selection. This

paper attempts to present the development of an

ODSS for the selection of R&D projects at the

National Natural Science Foundation of China

(NSFC).

Section 2 of this paper describes the research

background. Section 3 proposes an ODSS architecture

for R&D project selection. Section 4 reports the

application of the proposed ODSS in NSFC. A

summary of the contribution and lessons learned can

be found in the last section.

evaluation division managers margin proposals

2. Panel experts 2. Suggest a list of

funded projects

6 Final

decision

1. Top managers

2. Department

managers

1. Confirm the final

recommendation list

2. Treat exceptional

cases
2. Research background

NSFC (http://www.nsfc.gov.cn) is the largest gov-

ernment funding agency in China with a primary aim
to promote basic and applied research. Supported by

the Chinese government, NSFC’s annual budget has

been dramatically increased from RMB 80 million in

1986 to over RMB 1,290 million in 2000. Up to 1999,

it has provided funding support for more than 51,500

projects.

There are seven scientific departments, four bu-

reaus, one general office and three associated units in

NSFC. The scientific departments are responsible for

the selection and management of the projects, while

the bureaus, general office and associated units are

mainly responsible for policy making, administration

and other related affairs.

One of the major tasks of NSFC is to select and

fund R&D projects with great potential of scientific

 http:\\www.nsfc.gov.cn 
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breakthrough or social impacts. The selection pro-

cess in NSFC is carried out once a year for most of

its funding programs. Every year, NSFC receives
Fig. 1. R&D project se
more than 34,000 project proposals. Five external

reviewers are normally assigned to evaluate each

proposal. The project selection process is coordi-
lection process.
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nated by the top management and accomplished by

the seven scientific departments as well as their

divisions. The overall project selection task is

assigned to departments, and then departments

further assign their tasks to divisions. Division

managers then invite and assign external reviewers

and panel experts to evaluate the proposals. NSFC

maintains a database with more than 50,000 exter-

nal reviewers and 700 panel experts from 69

disciplines.

Although the evaluation process is somewhat dif-

ferent for projects in different program categories, the

basic steps for project selection are similar (see Table

1 for the major decision tasks in R&D project selec-

tion process). They include proposal submission,

selection of external reviewers, peer review, aggrega-

tion of review results, panel evaluation and final

decision.

It can be seen from Table 1 that the decision

makers are classified into six groups according to

their decision-making tasks in the R&D project selec-

tion process. These decision-making groups cooperate

with each other to accomplish the overall goal of

selecting the best project proposals. They perform

decision tasks in a certain sequence in which the

outputs of one group can be the inputs to another

group. A conceptual model of the R&D project

selection process at NSFC is specified as shown in

Fig. 1.

In Fig. 1, groups of decision makers are repre-

sented as circles with the group numbers in them.

There are two kinds of resources for a group: (1)

information resource from database or decision out-

put of another group, which is represented as

rectangle in the figure; (2) the human resources

such as managers of the funding agency, external

reviewers and panel experts, which are represented

as ellipses. So, for each circle in the figure, there are

at least two input arrows, and one output arrow. The

input arrows indicate the resources involved in the

group, and output arrow indicates the decision result

of the group. For example, in Fig. 1, the input

information for group 5 is the summary of external

reviewers’ evaluation and a list of funded proposals

from group 4. The decision makers are department

and division managers as well as panel experts. The

output is the final recommendation list of the funded

proposals.
R&D project selection is a typical organizational

decision-making task since the decisions are made on

behalf of the organization [9]. It shares the basic

features of organizational decision making as identi-

fied in the literature [4,6,18]. Thus, an ODSS is

ideally suitable to support this R&D project selection

process.
3. An ODSS for R&D project selection

This section introduces an object-oriented ap-

proach to the development of ODSS and its applica-

tions in the R&D project selection.

3.1. Object-oriented approach to ODSS development

Object-oriented software engineering with Unified

Modeling Language (UML) [1] has been used in the

design and implementation of the proposed ODSS.

UML is a language for specifying, constructing, and

documenting the artifacts of a real-world software

system. It has been widely used in the development

of large-scale software systems [1].

The major steps of the methodology include the

following: (1) the user’s requirements are captured

by a set of diagrams called use case diagrams. A

use case is a collection of possible sequences of

interactions between the system under discussion

and its users (or Actors), relating to a particular

goal. The diagrams specify all functionalities that the

system should be able to perform from the point

view of Actors. (2) Based on the use cases, classes

as well as their relationships in the system are

identified and described in class diagrams. (3)

Sequence diagrams or collaboration diagrams are

developed. These diagrams refine use cases (as

defined in the use case diagrams) by describing

the dynamic interaction between objects (instances

of classes). Slicing all the collaboration diagrams

together, we get an overall picture of how each

actor’s operation will be accomplished by interac-

tions between objects. Based on which, we are able

to decompose the whole system into several func-

tionally independent subsystems, and further decom-

pose the subsystems into software components.

Results of the decomposition are described by the

subsystem collaboration diagrams.
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An object-oriented analysis and design has been

carried out based on the requirements of NSFC. As a

result, an ODSS architecture for R&D project selec-

tion is designed as shown in Fig. 2.

3.2. The ODSS system architecture

The overall architecture of the ODSS (see Fig. 2)

falls into the browser/server system paradigm. The

system at the server side consists of the following

three parts:

– Organizational Information Resources Manage-

ment Component: it manages the overall infor-

mation resources of the organization, including

proposal database, user database, model base, and

knowledge base.
Fig. 2. ODSS architecture for
– Group Management Component: it is responsible

for managing the life cycle of decision-making

groups. Thus it is a gateway among decision-

making groups and the organizational information

resources. Specifically, it supports creation, main-

tenance, coordination, and termination of groups.

– Group Environment Component: It specifies the

group work environment. Groups may work

through Web-based systems, emails, electronic

meeting systems, text/video-based conferencing

systems, and so on. The environment provides

technology infrastructure for individual groups.

Decision makers are categorized as internal and

external users in the application. Internal Users

are usually managers of NSFC, while External

Users are usually external reviewers, panel ex-
R&D project selection.
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perts and research office coordinators of the

organizations.

3.3. R&D project selection under the ODSS

architecture

The support provided by the ODSS architecture

covers the whole R&D project selection process.

According to Table 1, the R&D project selection

process can be divided into the following three

phases: (1) task decomposition and group creation;

(2) decision making support and coordination; and (3)

information aggregation for final organizational deci-

sion results.

In the phase of task decomposition and group

creation, R&D project selection can be decomposed

into subtasks crossing organizational hierarchies. In

NSFC, the organizational task is decomposed into

six subtasks (see Table 1). Along with each task

decomposition, a decision group is created to han-

dle the subtask. The system provides on-line sup-

ports to create decision groups along with the task

decomposition.

In the phase of decision-making support and coor-

dination, members of each group have to make their

own decisions. Major support functions of the ODSS

for this phase are (1) to provide decision support tools
Fig. 3. Data model for R&
for decision makings; and (2) to coordinate the

decision activities of group members. For coordina-

tion purpose, the group management component

allows the group controllers to maintain the group

memberships and to check the progress of group

members.

For organizational decision making, there is a need

to have a mechanism to aggregate the decision results

obtained from different groups into the final decision.

In the phase of information aggregation for final

organizational decision, the ODSS supports the fol-

lowing: (1) all the decision groups are connected so

that controllers of one group may act as the controllers

or ordinary members of other groups. They therefore

form a decision net. (2) Group controllers at different

net nodes can aggregate the decision results of its

members. Decision support tools are provided for the

aggregation.

3.4. The database, model base and knowledge base

The database, model base and knowledge base are

designed in the ODSS to support the decision makings

in the R&D project selection process. The static data

model of the ODSS is illustrated in Fig. 3, while the

decision models and knowledge rules for the ODSS

are summarized in Table 2.
D project selection.
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Table 2

Decision models and knowledge rules in the ODSS

Task level Task name Support components

Division 1. Proposal submission Knowledge rules for

proposal validation

2. Selection of external

reviewers

A model integrating a

fuzzy matching model

and an assignment

problem model

3. Peer review Knowledge rules for

review results validation

4. Aggregation of review

results

Decision model for

aggregation subjective

and objective

information

Department 5. Panel evaluation Decision model for

aggregate preferences

with multiple formats

Top 6. Final decision Knowledge rules for

funded projects

distribution check
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The model base structure for R&D project selec-

tion is designed for selection of external reviewers,

aggregation of review results, and panel evaluation.

For selection of external reviewers, two models are

designed. The first one is a fuzzy matching model,

and the second one is a model for assignment prob-

lems. Since not every external reviewer is qualified

for reviewing a proposal, the classical model for

assignment problem cannot be applied directly in this

situation. We first use the fuzzy matching model to

determine the matching degrees between proposals

and external reviewers, and then apply the assignment

model to choose the external reviewers.

The model for aggregation of review results sup-

ports the integration of the subjective information

with objective information [15,29]. The subjective

information refers to the external reviewers’ evalua-

tion results, while the objective information relates to

the performance of his/her projects previously funded

by NSFC.

The model for panel evaluation supports aggrega-

tion of preference information in multiple formats, i.e.,

ordered vector, utility vector, selected subset, fuzzy

selected subset, normal preference, and fuzzy prefer-

ence relation [31]. It is designed for the unstructured

group meeting, where each panel expert may use his/

her favorite format to express the preference. The

model provides a method to aggregate these individual
preferences in different formats. The model has been

successfully applied to the government funding agen-

cies for journal grading exercises [29,30], which is a

key criterion to assess the performance of projects

supported by NSFC.

Rule-based knowledge systems and conventional

mathematical models are complementary decision

support devices. Mathematical models are useful to

the well-structured decision problems that often lead

to optimization solutions, while rule-based knowledge

systems are good at dealing with unstructured and

semi-structured problems with heuristic algorithms to

reach feasible solutions. Knowledge components en-

able a wider range of decisions and extend the

capabilities of systems well beyond data-based and

model-based DSS [27].

Knowledge rules for project selection at NSFC are

usually implied in its guidance and policy documents.

They can be abstracted to form a rule-base. The

knowledge rules for R&D project selection are clas-

sified into three categories: proposal submission, peer

review, and final decision [26]. The rules for proposal

submission are used to help division managers to

classify the proposals into invalid, incomplete, unde-

termined, and valid categories. If it is invalid, division

managers can turn down the proposal by filling in the

NSFC Proposal Evaluation Form and then send to the

department manager for approval. If the proposal is

incomplete, applicants will be asked to resubmit the

complementary material. If it is an undetermined

proposal, a further decision is expected by the depart-

ment and division managers. If it is a valid proposal,

external reviewers will be assigned. The rules for peer

review are used in a similar way to those for proposal

submission. It is designed to check if all the required

and correct content are included in the review results.

The problematic review results will be ticked out for

special treatment. The rules for final decision are

designed for top managers to decide if the funded

projects meet the macro policy requirements such as

the project distribution over programs, subject areas,

geographic areas and so on.

The rule base plays an important role in the ODSS.

It improves the efficiency of the work progression.

For example, during the proposal submission period, a

division manager usually has to process hundreds of

proposals by reading it line by line at the screen to

check if they meet the basic requirements.
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Table 3

The matrix between the components of ODSS and of ISIS

ODSS architectural

components

ISIS system components

Organizational information

resources management

component

<<Type Library>> Common

type library for universal

resource request

Group management component <<Sub System>> Subsystem

for project administrators

Group environment

components

<<Sub System>>

Subsystems for decision-

making groups for the tasks

listed in Table 1
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4. Application of the ODSS for R&D project

selection in NSFC

The proposed ODSS has been implemented and

incorporated in the Internet-based Science Informa-

tion System (ISIS: http://isis.nsfc.gov.cn). It is built on

a three-tier client/server platform as shown in Fig. 4.

Object-oriented software engineering method, i.e. the

UML [1], has been used in the analysis, design, and

implementation of the system. Thus the components

of the ODSS and those of ISIS are compared as shown

in Table 3.

ISIS is built on the proposed ODSS architecture. It

provides a set of major decision support functions at

individual, group and organizational levels. The ISIS

database stores information about proposals and users.

The model base and a basic set of knowledge rules

have been implemented and stored on the application

server. Under current implementation, ISIS provides

full supports for proposal submission, assignment of

external reviewers, peer review, and aggregation of

review results and partial supports for panel evaluation

and final decision.

At the individual level, ISIS users are classified

into the system administrator (the super user of the

system), top manager, department manager, division

manager, organizational user, principal investigator,
Fig. 4. A three-tier system platform
external reviewer, and public user. Each user is

assigned to a user group with access rights to certain

system functions.

The ISIS decision support functions at the individ-

ual level provide supports for division managers and

external reviewers who have to make individual

decisions at the operational level. As shown in Table

1, most of the decision tasks for division managers are

at the individual and operational levels, e.g. validation

of proposals and review results, and assignment of

proposals to external reviewers.

At the group level, ISIS implements a group

management component. Internal users like top man-
for ODSS implementation.

 http:\\isis.nsfc.gov.cn 
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agers, department managers, and division managers

have permissions to create their own decision-making

groups. They can use the function to create a new

group, maintain the group membership, coordinate the

group work, and check the work progression. One

manager may create different decision-making groups

for different decision-making tasks.

At the organizational level, ISIS provides supports

to the three major phases of the R&D project

selection process. (1) For the phase of task decom-

position and group creation, ISIS supports the task

decomposition (see Table 1) in NSFC. Specific

subsystems have been designed for decision groups

on these tasks. Thus the controller of a group can

select and manage his/her group members. (2) For

the phase of decision-making support and coordina-

tion, decision models and knowledge rules for pro-

posals submission (see Table 2) are implemented.

Thus the group controllers can check and coordinate

their groups’ work progression. Multiple views of

the work progression are usually provided, including

detailed lists, statistic tables and figures. (3) For

information aggregation of final organizational deci-

sion results, the ISIS provides group controllers with

ways to aggregate the information of members’

decision results and the decision models are also

developed to facilitate this process.

Thirteen, 37 and 52 (all) divisions in NSFC

participated in the exercises of project selection

through ISIS in 2001, 2002 and 2003, respectively.

Results of the applications are very positive, espe-

cially the success rate of electronic peer review has

reached 96% in 2003. The main reasons include (1)

the system provides support at the individual, group,

and organizational levels over the Internet. It there-

fore facilitates the coordination among groups of

decision makers, and shortens the cycle time of

project selection. (2) It provides decision makers

with useful decision aids such as decision models

and business logic rules with Web interfaces. (3) It

helps to simplify the workflow and improve the

work efficiency of NSFC.
5. Contribution and lessons learned

This paper presents an ODSS framework for

R&D project selection. It includes a group-based
modeling method for R&D project selection, and a

corresponding ODSS architecture that supports and

coordinates the work of decision-making groups.

The proposed ODSS architecture provides support

functions for decision makers at individual, group

and organizational levels to achieve the organiza-

tional goal. In addition, the group management

component of the ODSS architecture is presented

to handle the difficult problems of distributed

group decision-making process. Object-oriented

modeling methodology has been used in the anal-

ysis, design and implementation of the proposed

ODSS architecture.

The proposed architecture has been implemented

and incorporated into the ISIS (an Internet-based

science information system for R&D project manage-

ment), which has been used in the R&D project

selection in NSFC. The proposed approach looks at

the project selection from organizational decision-

making perspective; it supports the whole life cycle

of the R&D project selection. However, successful

application of the proposed system at NSFC has not

been an easy task. Some senior staff at NSFC found it

difficult to enter decision opinions in Chinese on

computer terminals, thus assistant devices such as

Chinese write pad should be provided. At the begin-

ning, some staff thought that the use of the system

would increase their workload. Thus reward incen-

tives should be designed and implemented so as to

ensure the successful adoption of the system. The

wide spread of SARS in China during April and June

2003 has encouraged division managers of NSFC and

external reviewers to use ISIS for project selection

tasks over the Internet.
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