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ABSTRACT 

Stakeholders and project activities are related to the typical and usually necessary 

project components of: ideas, financing and implementation. Our aim is to illustrate 

useful steps in problem analysis, progressing from system characterization (analytical 

phase) to predictive modeling (synthesis phase). System analysis and multi-criteria 

evaluation are used to identify alternative scenarios regarding project goals. The model 

suggests that “public awareness” is best promoted in projects with a more balanced 

representation of different stakeholders and more diverse project activities than is 

common in research projects. Each project goal (e.g., public awareness, innovation, 

capacity building and knowledge generation) can be optimized by testing the 

contributions by different mixtures of participating stakeholders and project activities in 

the modeled scenarios. This approach, i.e., system modeling, is suitable as an initial step 

in project scoping. Conceptual models provide a common basis for networking, 

brainstorming and partner interaction. Modeling is also a tool for integrating different 

types of knowledge from diverse sources, which is typically necessary for complex 

problems with multi-disciplinary and multi-sectoral aspects.  
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INTRODUCTION 

The changing conditions for and expectations of research projects are largely due to 

global communications and technological advances. This motivates a review of the 

project stakeholders, activities and goals, especially in the case of larger projects dealing 

with applied research, e.g., environmental research with combined societal and natural 

science issues. To facilitate a system perspective regarding the project components, 

their dynamic relationships and possible future scenarios, we suggest that system 

conceptual modeling is a useful tool for this project scoping. Modeling can be used as a 

basis for networking, brainstorming and partner interaction, essential for international 

cooperation during project initiation. Modeling is also a tool for integrating different 

types of knowledge from diverse sources, which is typically necessary for complex 

problems with multi-disciplinary and multi-sectoral aspects.  

This example of conceptual modeling was supported by the PLATFORM project 

(https://kermitcooperation.wixsite.com/platform; funding from Swedish Institute) within 

an infrastructure for international cooperation and project initiation, consisting of 

training courses and workshops. As well as providing transparent documentation of the 

https://kermitcooperation.wixsite.com/platform
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initial definitions, hypotheses and assumptions, a prerequisite for good scientific 

progress, the conceptual modeling methodology promotes communication between the 

partners and other stakeholders (“stakeholders” is used here to include researchers both 

within and outside of the project consortium).  

Our purpose is to illustrate useful steps in problem analysis, progressing from system 

characterization to predictive modeling. Simplified and assumed conditions are 

necessary in modeling, but the results will almost always suggest improvements in both 

the necessary documentation and theory for better understanding of the system 

processes. The generalized project modeled below stresses the essential components and 

constraints that are common and that can be transferred and further defined within a 

specific project. The project characteristics are most typical of multidisciplinary and 

multi-sectoral projects with both theoretical and applied objectives, such as 

environmental research where physical and societal variables are necessarily involved. 

Our modeling example below is essentially based on experience from many projects 

dealing with contamination, water-resource and land-use issues. Our viewpoint is based 

on this background, and we extract classic elements that have been important in these 

projects: Stakeholders (Researchers, Educators, Government Offices, NGOs, Local 

Citizens and Industry), project Activities (Networking, Workshops, Conceptual 

Modeling, Case Studies and Training Courses) and project Goals (Capacity Building, 

Innovation, Knowledge Generation and Public Awareness).  

A basic conceptual model is stepwise constructed using: 1) System characterization, to 

define conditions and processes, 2) System structural analysis, to identify internal 

dynamics, and 3) Multi-criteria evaluation (MCE), to test alternative scenarios. Many 

empirical or theoretical additions can complement this approach [1][2][3], but this 

simplified approach is suggested to be most easily assessable for most project 

participants, which is an important aspect for a favorable diversity of perspectives. For 

more detail, a stepwise manual for applying simple conceptual modeling provides some 

of the method details that are only briefly presented here [4]. The methodology is also 

illustrated in several papers connected with the PLATFORM workshops [5][6][7]. 

 

SYSTEM CHARACTERIZATION 

Brainstorming is a logical first step toward understanding a complex issue. Ideally, this 

is jointly done in a project group whose diversity is in parity with the problem. In 

practice, this is seldom truly feasible. However, recognition of the limitations of a more 

homogenous group can help avoid naive assumptions and the weaknesses in a project 

consortium can more easily be identified with the conceptual modeling tools suggested 

here. A top-down perspective is prudent in that the outer limits of the system may be 

initially unclear, limiting the ability to identify important variables.  

A visual representation of system components can be based on a map, an environmental 

sketch or theoretical diagrams. We choose a triangle representation to illustrate the 

connection and importance of various project components to the project requirements, 

categorized as: Ideas, Financing and Implementation. Using these same triangle 

endmembers, three categories of system variables are characterized in three separate 

triangles (Fig. 1): Stakeholders, Activities and project Goals. The placement of each 

variable reflects their relative importance for the triangle endmembers. There is not a 

straightforward logic that can make these relationships valid for all projects, so a 
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specific project would require specific considerations. This is, in fact, a major benefit of 

this modeling, i.e., to facilitate such discussion during project initiation.  

In this example, the all suggested Stakeholders and project activities have considerable 

connection to all three components. Government Offices have their responsibilities 

mainly within the financing and implementation aspects. This is similar to Industry in 

general, but there are many sectors where Industry is also a major player regarding idea 

generation as well. Local Citizens and Educators are those least connected to project 

financing needs. The Activities are similarly grouped centrally in the triangle because of 

their importance for all components. The lack of a Goal with strong orientation toward 

Financing may indicate a missing project goal that is, nevertheless, necessary and, 

perhaps, naively not self-suggested. The procedure used here can also be a limiting 

factor since the group is not as diverse as would be desired. Our choice of components 

likely reflects our own experience with a bias toward typical research goals. 

 

SYSTEM STRUCTURAL ANALYSIS 

The Stakeholder and Activity variables in the system characterization, above, are further 

evaluated in this system structural analysis step.  The internal system dynamics are 

illustrated by the impact relationships (using a relative scale of values, 0-4) shown in 

Fig. 2. The values were made in discussion with the PLATFORM participants that, in 

turn, based their own judgement on individual experience, theory and literature 

information. The structural analysis characterizes the variable relationships and their 

specific internal influences upon each other, i.e., system dynamics. In our 

exemplification, the system is characterized by moderately active variables that have 

very similar importance regarding their influence on each other.  The collective 

interaction between the variables is probably related to the fact that this is an artificially 

defined system where the variables were initially selected based on their expected 

importance for a research project. The system structural analysis underscores this 

characteristic, and the Cause-Effect plot (Fig. 2) graphically illustrates total impacts of 

each variable (row sums: Cause) and their sensitivity to change (column sums: Effects).   

Fig. 1. Typical 

components of a 

generalized research 

project. Stakeholders, 

Activities and Goals 

are related in the 

triangles to the Ideas, 

Financing and 

Implementation 

(people and logistics) 

needs of most 

projects. The exact 

placement of the 

components is not as 

important as overall 

system perspective 

aided by this 

characterization. 
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The role of the “Researcher” variable is notably important. Its strong influence on the 

other variables (27 total) is partly due to the relatively “long-term” perspective taken 

during the evaluation.  Both “Researcher” and “Case Study” variables are vulnerable to 

change due to the influence of other system variables, making them of special interest in 

describing the system. Apart from these two variables, the relationships between the 

different categories, Stakeholders and Activities, are often weaker and less consistent. 

Since the groups represent quite different types of variables, the next modeling step 

considers them as sub-systems to be modeled separately.  

 

MULTI-CRITERIA EVALUATION  

Although the conceptual analytical modeling above aims mainly toward understanding 

the system, it can also lead to the formulation of relevant scenarios and help identify the 

essential variables.  Constructive (synthetic) modeling of the scenarios is useful for 

decision support. Although this predictive modeling and use various methods (Sholtz), 

Multi-criteria evaluation (MCE) is popular because its general structure can be adapted 

to specific system properties and different objectives for the modeling. It allows 

multiple criteria (or attributes) in a system to be combined in order to discriminate 

between scenarios or other alternative choices. The model has a transparent structure 

and the contribution of each variable can be evaluated relative to other variables, which 

is especially valuable during model testing and revision. The basic MCE equation is:  

Σi wi • ui  = Total “utility”       (used to rank different scenarios). 

For each of the parameters considered, the weights (wi) are assigned according to their 

relative importance for the question/issue considered and the utility (ui) is the impact on 

the question considering the possible range of natural values in the system. The weights 

are most commonly derived using pair-wise comparisons, as shown in Fig. 3. Note that 

this matrix is very different from the impact matrix (Fig. 2) in that the relative weights 

importance are always relative to the specific question being considered, and not their 

influence on each other. In this first example, the question chosen is the project goal 

output regarding “Public Awareness” of the issues motivating the project itself. The 

other goals will be successively considered as well. The Stakeholder and the Activity 

components are modelled separately to help simplify this model and because these 

groups showed different internal relationships in the system structural analysis.  

Fig. 2. System structural analysis for the project Stakeholder and Activity components. Left: Matrix 

values, where the impact of each variable on the others is given along the corresponding row 

(0-4 relative scale). Right: Cause-Effect diagram summarizing the impacts specified in Table 1. 

Variables furthest toward the right-hand corner (e.g. Researchers) are the most active in the 

project “system” and since they both influence and are themselves vulnerable to change.  
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Fig. 3. MCE model for two project scenarios with different Stakeholder participants with regard to the 

“Public Awareness” outcome. The weighting matrix (left) estimates the relative importance of each 

Stakeholder for “public awareness” and the utility diagrams (bottom diagrams) allow the 

conversion alternative variable values to a unity scale using the expected impact variation with 

increasing participants form each Stakeholder group. The product of these two factors gives 

weighted effect of each Stakeholder (center table) and the sum of all Stakeholders is illustrated in 

the right columnar diagrams for each scenario. 

The MCE scenario total utilities suggest that an equal balance between Stakeholders 

(Scenario 1) would benefit the “Public Awareness” output. Many projects have a 

predominance of researcher participants, and the modeled results regarding “Public 

Awareness” given a considerably lower total utility value with this participant emphasis 

(Scenario 2). NGOs have a dominant role in the conditions described here. Other 

Stakeholder compositions in the project partnership should be tested and the other 

Fig. 4. MCE model for Public Awareness output with two separate distributions of project 

Activities, expressed as percentage of project time in the utility diagrams. The separate tables 

and diagrams are specified in Fig. 3, and the relative weighting scale is the same. 
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project goals (Capacity Building, Innovation and Knowledge Generation) could need to 

be evaluated in a similar way as illustrated here by Public Awareness. The overall value 

of this modeling would be to optimally match Stakeholder participation and Goals 

within a specific project.  

Since the role and importance of the Stakeholders and can also be shaped by project 

Activities (as well as the reverse influences of Stakeholders on Activities), a similar 

Activities MCE model is presented in Fig. 4. In similarity with the Stakeholders MCE, a 

balanced distribution of Activities (Scenario 1) would favor greater Public Awareness 

that expected with the typical project emphasis on case-study work. Training courses 

and workshops have the strongest influence. This role is dependent on relatively broad 

Stakeholder participation, as was assumed in the definition of these activities. 

Networking could also become very important for Public Awareness if the use of social 

media increases this connection. Depending upon the importance of Public Awareness, 

both the models for Stakeholders and Activities suggest that typical research projects 

are not effective in this goal, probably due to its low priority in the past. 

Activities are the most easily manipulated components, at least during early project 

stages. Therefore, these are also taken here as MCE examples in relation to the other 

project Goals: Innovation, Capacity Building and New Knowledge (Fig. 5).  The 

methodology is the same for each of these modeled examples as in Fig. 4. Not 

surprisingly, the scenarios with different goals have quite different component 

relationships than with the Public Awareness goal. Conceptual modeling and workshop 

activities are predominant regarding project Innovation. These are interactive and 

flexible components that can facilitate project inclusion of new ideas. Networking is, as 

not earlier, strongly dependent upon the media used and the way ideas are introduced 

into project. Networking can, therefore, have a much greater impact than modeled if it 

is, for instance, paired with Workshop and Modeling activities.  

Capacity Building is almost entirely dependent upon training courses. Even if only 10% 

time is allotted (Scenario 2), training courses are the main contributing activity and 

Capacity Building is strongly favored if time is increased to 20% (Scenario 1). 

Networking also has relatively good potential (weighting value of 7.2 compared with 17 

of Training Courses), but the utility curve becomes steep and the time investment 

becomes increasingly effective after about 25%. This is explained by the less structured 

information transfer that occurs with Networking in comparison to Training Courses. 

Both activities are, of course, dependent upon the specific stakeholder participants that 

are the focus of implementation goals in many cases.  

Knowledge Generation is considered to be the normal product of many research 

Fig. 5. MCE results for the project output with respect to the Goals: Innovation, Capacity Building 

and Knowledge Generation. Two separate distributions of project Activities in Scenarios 1 and 2 

are the same as in Fig. 4.  
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projects. It does not necessarily include innovative interpretations or applications, but 

there may well be overlap with the Innovation goal. There is also an obvious connection 

to Capacity Building, although this later goal is often equated with the transfer of 

existing knowledge. The MCE model for Knowledge Generation (Fig. 5) is consistent 

with the main focus on Case Study work that is typical for most research projects. 

Despite its weighting value of 13 (three times greater than any other activities), the time 

required for effective Knowledge Generation is considerable due to the relatively flat 

utility curve. Scenario 2 has 50% Case Study time, but the curve suggests that 

increasing this time would give good return on regarding this particular goal. 

Workshops and Training Course can also contribute if there is a format for knowledge 

exchange in all directions and integration with the Case Study work.  

 

DISCUSSION AND CONCLUSIONS 

In all of the MCE models the goals Public Awareness, Innovation and Capacity 

Building benefit most by the balanced composition of project components in Scenario 1. 

Scenario 2 was constructed to more closely match the typical Stakeholder participation 

and Activities in many research projects. Only New Knowledge was favored by the 

emphasis on Case Studies in Scenario 2. Stakeholders and Activities can be further 

tested in various combinations in order to optimize the achieved Goals.  

The models deal with project components and their optimal combinations for achieving 

the goals. Modeling helps organize diffuse ideas. The interpretations can be valid for 

discussing decision trends in project scoping and management. Theoretical research in 

natural sciences, especially during the previous century, provided New Knowledge that 

closely linked to the applications in industry and resource utilization that societal 

growth encouraged. That this growth has increasingly involved other societal factors 

than simply supply and demand may require research projects to also become more 

integrated internally and externally.  One conclusion is that projects today often have 

responsibilities beyond New Knowledge. Public Awareness, Innovation and Capacity 

Building are often required as well.  

Our models included typical Stakeholders and Activities for research projects, 

especially within applied natural science. The selected components were therefore quite 

closely related and interactive. This recognition is important in that it explains the 

relatively poor differentiation within the system structural analysis. Greater differences 

might be expected if a control group of “non-stakeholders” (with little or no connection 

to the project background and goals) was included. Other, similarly non-typical 

Activities (e.g. action-research activities) components might result in more distinct 

groups and deviating associations in the system structural analysis. Also, the MCE 

results would be influenced by new, quite different components regarding both 

Stakeholders and Activities.   

Project complexity is due to many factors, such as: 1) increasing data production and 

accessibility, 2) demands on quality insurance, 3) environmental and resource 

limitations, 4) information exchange in various media and between various societal 

sectors, 5) theoretical understanding of the linkage between disciplines and sectors, and 

6) the expectations from society and financers to produce logical and practical solutions 

to the perceived conflict between sustainability and societal satisfaction, which tend to 
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have long and short term time frames, respectively. An overview methodology can 

provide procedural guidance for project scoping so that the project Stakeholder 

participants and Activities can best facilitate the Goals reflecting the changing project 

prerequisites today. Conceptual modeling is suggested as one such methodology that 

could be adapted to most projects.  

Setting up a conceptual model may be most effective for a few project participants, 

perhaps a responsible partner organization. However, it is important that the testing and 

modification of the model is done with a transdisciplinary and multi-sectoral group, 

where the value of different perspectives and indigenous knowledge can be 

incorporated. A major advantage with models is their transparent specifications of the 

information behind variable values.  

The ability for conceptual modeling to include both qualitative and quantitative 

information [1] also allows it to provide a valuable platform for discussion and 

exchange of this information in project consortia. This is, perhaps, the strongest 

argument for the modeling-time investment, and helps projects become transdisciplinary 

(interacting) rather than just multidisciplinary. This approach to system modeling is 

suitable as a first step which will ideally give focus to the more detailed documentation, 

revision and testing necessary during research project development. The models can 

seldom give satisfactory results initially, but the scenario predictions will improve with 

case study documentation of the conditions and processes identified by the models. 
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