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Abstract 
An environmental problem solver is generally confronted with a complex situation of 
interacting, and in many cases even conflicting, (intentional) activities. Methodological support 
for problem solving processes in such problem contexts is lacking. In this paper, a short 
description is provided of a tool that aims to fill in this methodological gap: the Trinity 
approach. 
Trinity is a modelling approach, especially designed to support multi-actor environmental 
problem solving processes. Trinity is based on a cyclic model of problem solving. Focus is on 
three important stages of this cycle: analysis of the situation "as is"; construction of a script for 
taking action; and prediction of the improved situation "to be", expected to result from 
executing the script. 
According to the Trinity approach, each of these three stages in principle is a modelling 
process. This results in three models: a descriptive model of the situation "as is"; a prescriptive 
model of the actions to be undertaken; and a predictive model of the situation "to be". In 
combination, they model a perspective: a body of knowledge that motivates and guides the 
process of intentionally turning a problem situation into a better situation. 
To support the modelling of perspectives, the Trinity modelling language is designed. It 
consists of three model primitives (referring to environments, processes that change 
environments, and intentional actors); a set of connection constraints that enable to combine 
these model primitives, resulting in more complex models; and a set of abstraction and 
specification procedures that enable construction of models on several levels of detail. 
In this paper, the conceptual fundaments of Trinity are presented, and parts of the Trinity 
modelling language are explained. The use of Trinity will be illustrated by means of a short 
example, concerning indoor environmental problems. 
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1 INTRODUCTION 

Trinity is a qualitative modelling methodology that is specifically designed to support problem 
solving processes in multi-actor situations. According to the Trinity point of view, a problem 
solving process is a modelling process. Trinity provides in a modelling language that supports 
several stages of this process. The outcome of the modelling process is a Trinity model: a 
model that motivates a plan for taking action, and guides implementation of this plan. 
In this paper, first the premises and conceptual fundaments of Trinity are presented (section 2). 
After that, the Trinity approach as well as the role of models in this approach will be explained 
(section 3). In section 4, parts of the Trinity modelling language will be described: a language 
that enables to model complex systems of actors, acting in a shared physical environment. 
Section 5 presents a short example of a Trinity model, concerning indoor environmental 
problems. In section 6, the approach will be discussed and some conclusions will be drawn. 

2 PREMISES 

At first sight, "environmental problem solving processes" hardly refers to a homogeneous class 
of intentional activities. Instances of this class may differ for example with respect to the 
specific disciplines involved; the compartment where the undesired effect manifests itself (e.g. 
air, water, soil); the agent of concern (C02, heavy metals, noise); the actors involved; the 
geographical site; the scale (local, regional, national, international, global). At a closer look, 
however, it is possible to distinguish three "common denominators": 
• Environmental problem solving processes in many cases are multi-actor processes; 
• These actors act in a shared environment (which forms the "backbone" of an environmental 

problem context); 
• Within problem solving processes recurring patterns can be recognised. 
In this section, each of the three common denominators will be addressed separately. The 
Trinity approach integrates these three "common denominators": this will be worked out in 
section 3. 

Multi-actor processes 
Typically, in environmental problem solving processes a large number of actors is involved. 
These actors are either part of the problem context as such, or contribute knowledge to the 
problem solving process. They belong to many different societal groups (e.g. consumers, 
producers, governments) and scientific disciplines (e.g. natural sciences, technologies, human 
sciences). Apart from the number of actors involved, another important characteristic is the 
complexity of the points of view that motivate and guide the actions of these actors. 
In figure 1, both attributes (number of actors involved and complexity of points of view) are 
used to construct a typology of environmental problem situations that focuses on knowledge 
distribution (for an elaboration of this typology see Diepenmaat, 1995). The letters A-D 
represent typical problem situations. The words in italics refer to typical problem solvers for 
these situations. Problem types and problem solvers are explained below. 
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Figure 1 A problem typology on the basis of knowledge distribution. 

A-type problems in principle are easy problems. Only one point of view (perspective) is 
relevant for solving the problem. Moreover, this point of view is simple. 
In B-type problem situations, several simple points of view must be taken into account. This 
introduces a need for coherence and co-ordination. A typical problem solver is a general 
manager. 
C-type problem situations require availability of a specialist. Note however that, although 
using the solution of a specialist may be easy, actually understanding his/her reasoning 
processes may tum out to be difficult. 
V-type problem situations are worst case: they are characterised by a lack of coherence and 
organisation in a complex, multi-perspective interdependent context. Consequently, the key to 
a solution is a form of coherence between points of view, in which the original problem is 
solved, and no new insurmountable problems are introduced. A typical problem solver in V
type situations we call a knowledge broker. 

The Trinity approach is directed at supporting V-type problem solving processes: the intended 
user is a knowledge broker. A knowledge broker is responsible for bringing about a solution to 
a V-type problem situation. Typical examples are policy makers and managers. 
A knowledge broker is working in a problem context, involving many different points of view. 
These points of view can have a personal, disciplinary and/or cultural background. A 
commonly used strategy in this type of situations is to train people as generalists. Rather than 
possessing knowledge, however, the ability to obtain, communicate and integrate knowledge 
within reasonable limits of time and effort is a crucial requirement for knowledge brokerage 
activities. This implies an orientation towards knowledge processes, rather than towards 
possessing advance knowledge. In summary, a knowledge broker can be characterised as: 

a domain knowledge generalist; 
a knowledge process specialist; and 
oriented at knowledge, possessed by other actors involved. 

An overview of the relation between problem types, methodological considerations and typical 
problem solvers is presented in table 1. 

Table 1 Problem types, methodological principles and typical problem solvers (Diepenmaat, 
1995) 

Typical 

roblem solver 
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A-type Trivial Trivial 

B-type Co-ordination General Manager 

C-type Domain specific Specialist 

Knowledge modelling, 

D-type Knowledge communication and Knowledge Broker 

Knowledge integration methods 

A shared environment 
Different interpretations of environmental problem contexts exist (see for example de Groot, 
1992, la Riviere, 1991). According to the Trinity approach, in multi-actor problem contexts 
three different, yet tightly related, domains must be distinguished (for a motivation see 
Diepenmaat, 1993). Real world phenomena are assumed to be complex constructs of processes 
and states in these three domains (hence Trinity). The three domains are explained below: 
• The knowledge domain encompasses the points of view of actors (e.g. a farmer's 

knowledge about how to cope with fungi on crops). The ABCD typology presented above 
is a knowledge domain typology. 

• The communication domain encompasses all the ways that actors use to inform or 
influence other actors. Examples are a letter, a scientific article, a (part of a) conversation. 

• The physical domain encompasses all aspects of our physical environment. Examples are 
an oil spill, a polluted river, a causal chain from emission to effect. 

The points of view of the actors involved in a D-type situation are a "whole" because they are 
linked to each other in a shared environment. Points of view are bodies of knowledge, that 
motivate and guide the actions of these actors in their shared environment. The physical 
domain and the communication domain constitute the shared environment. In order to support 
multi-actor environmental problem solving processes, it is important to provide knowledge 
brokers with conceptual tools that support the process of obtaining an understanding of 
complex three-domain problem contexts. For this reason Trinity provides in a modelling 
language (section 4). 

Recurring patterns: a stage-based approach 
A problem solving process is a special case of an intentional activity. Intentional activities are 
purposeful activities: an actor acts according to some plan, and in the possession of 
expectations. The many reasons that may cause an actor to act intentionally were summarised 
very tersely by Wigg (1994): "We avoid pain and seek pleasure ". 

Many different attempts have been made to describe intentional activities as a generic sequence 
of simpler steps. Examples are the policy cycle, Checkland's (1990) experience-action cycle, 
the group communication cycle, Schon's (1983) spiral model of appreciation, action and 
reappreciation, the participative modelling cycle in policy analysis (Geurts and Vennix, 1989), 
the learning cycle of Kolb (1984). According to the Trinity approach, intentional activities can 
be structured as a generic sequence (cycle) of six stages: 

1. acknowledge problem; 
2. analyse the situation "as is"; 
3. synthesise a script for taking action; 
4. predict the situation "to be", expected to resulJjrom 

executing this script; 
5. execute script; 
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6. evaluate the resulting "to be" situation in terms of expectations. 

Stages 2-4 result in a perspective: a body of knowledge that an actor applies to an 
environment, and that motivates and guides his/her actions in this environment. Referring to 
the six stages of an intentional activity, perspectives can be thought of as a conglomerate 
structure of three mental models: a descriptive model of the situation "as is"; a prescriptive 
model (a script) for intervention in this situation "as is"; and a predictive model of the situation 
"to be", expected to result from actually executing the script. Distinction of these three parts is 
an important feature of the Trinity cycle, because in order to be able to act intentionally, an 
actor must possess all three of them: the difference between the model "as is" and the model 
"to be" motivates taking action, and the script guides this action. Note, that the sequence of six 
stages applies to widely differing activities, from global environmental policies to doing the 
shopping (although in routine activities stages 2-4 become trivial, perspectives are readily 
available). 
A problem solving process is a process in which steps 2-4 require substantial cognitive effort: 
acquiring a perspective is not trivial. Trinity is directed at supporting steps 2-4 by means of 
constructing, discussing and exchanging models of perspectives. In many cases, several 
perspectives will be constructed: steps 2-4 will be executed several times. Stages 2-4 do not 
necessarily take place in this sequential order. In complex problem solving processes, the 
perspective is the outcome of a complex mixture of all three stages. 

3 THE TRINITY APPROACH 

The Trinity approach integrates the three common denominators of section 2: it enables to 
model systems of several intentional actors, acting in a shared environment, and the approach 
is structured according to the generic, stage-based model of intentional activities. 
According to the Trinity approach, the processes of obtaining an understanding of a complex 
three-domain problem context (stage 2), formulating scripts to intervene in this context (stage 
3) and predicting the outcome of actually executing the script (stage 4) are modelling 
processes. Trinity provides in a modelling language that guides and supports these processes. 
The outcome of the problem solving process is a qualitative model (or several models) that 
motivates and guides actions that are expected to result in an improved situation: the difference 
between the model "as is" and the model "to be" motivates taking action, and the script guides 
the implementation process (stage 5). Evaluation (stage 6) is supported by the models as well, 
as during this stage the actual situation "to be" is being compared with the predicted situation 
"to be". Stage 6 is where experiential learning takes place. This implies that, although Trinity 
models are constructed during stage 2-4, they support the complete intentional cycle of 6 
stages. 
The notion of "problem" is highly recursive: during a problem solving process, a stage may 
tum out to be problematic, which introduces a shift in problem context. A new recursive 
problem cycle is encountered, and Trinity may be applied again. A graphical summary of the 
Trinity approach is presented in figure 2. 
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Figure 2 The Trinity approach. 

4 THE TRINITY MODELLING LANGUAGE 

Stages 2-4 of a multi-actor problem solving process are supported by modelling processes. In 
each of these stages, basically the same modelling language is used: the Trinity modelling 
language. This modelling language provides in model primitives and connection constraints 
that enable to represent complex three-domain perspectives. In addition, the Trinity modelling 
language provides in a set of abstraction and specification procedures that enable to model 
perspectives on different levels of abstraction. In this section, the model primitives and 
connection constraints will be presented. After that, abstraction and specification procedures 
will be globally described. Fmally, the relation between the three partial models (model "as is", 
script, and model "to be"), in combination constituting a Trinity model of a perspective, will be 
clarified. 



136 Part Three Modeling and Simulation 

Model primitives and connection constraints 
The Trinity modelling language consists of three model primitives: hexagons, rectangles and 
ellipses. 
A hexagon refers to an intentional actor, interacting with hislher environment. The six comers 
can be interpreted as the six stages constituting an intentional activity: the top comer is stage 1 
(acknowledgement), comer 2 (clockwise) is the analysis stage, etcetera. Hexagons model the 
knowledge domain, as the hexagon encompasses a perspective. Note, that this implies a 
recursion: a knowledge broker is engaged in an intentional activity, but at the same time he/she 
is modelling the intentional activities of other actors. 
A rectangle refers to a part of the shared environment. A rectangle either refers to a physical 
state (e.g. a polluted river) or to a state in the communication domain (e.g. a letter). 
An ellipse refers to a process. Processes either are intentional (they implement a script, e.g. 
someone is writing a letter) or autonomous (e.g. the emission of methane from a swamp). 

Hexagons, rectangles and ellipses can be further elaborated, either by textual explanations, or 
by specifying them, resulting in more detailed models (see below). They can be connected by 
means of arrows, resulting in more complex models. Figure 3 presents a simple example. 
Arrows impose a partial ordering in time. They refer to causation: the model primitive at the 
tail of the arrow "causes" (is somehow responsible for) the model primitive at the head of the 
arrow. Five types of connections are allowed, each of them referring to another type of 
causation. The numbers next to the arrows in figure 3 refer to these types. They are explained 
below. 

Type 1 (rectangle ~ ellipse): a state causes a process. 
Type 2 (ellipse ~ rectangle): a process causes a state. 
Type 3 (rectangle ~ hexagon corner 1): a state is perceived by an actor, and causes 
this actor to apply (declare appropriate) a perspective. 
Type 4 (hexagon corner 5~ ellipse): an actor acts according to the applied 
perspective. 
Type 5 (rectangle ~ hexagon corner 6): an actor evaluates the results of his actions 
(compares expectations with the new situation). 

Two types of ellipses (processes) can be distinguished: intentional processes (actions) and 
autonomous processes. The ellipses "Acts" and "Complains" in figure 3 are intentional 
processes, as they are caused by an intentional actor: they implement this actor's script. An 
example of an autonomous process is the ellipse "Causes" in figure 3. 

Abstraction and specification procedures 
Trinity abstraction and specification procedures enable to change the level of detail of a model. 
Parts of specific interest can be detailed, and less interesting parts· can be abstracted. At this 
moment, we are finalising a library of abstraction and specification procedures. This library 
includes issues like handling loops and branching points in a model. Here, we will restrict 
ourselves to one example: the rectangle "environmental situation of concern" in figure 3 is 
specified to the "minimal environmental situation of concern", containing the essence of an 
environmental problem situation. The example makes clear that specification and abstraction 
are inverse operations. In addition, it exhibits ·the ground rule of Trinity abstractions and 
specifications: substitution of model parts is allowed if the "boundary" model primitives remain 
of the same type, and the connection constraints are not violated. Indeed, the boundary of the 
specified model in figure 3 consists of rectangles, as is the case for the abstract model. 
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Figure 3 The minimal environmental situation of concern. 

Models "as is", scripts and models "to be": three parts, one perspective 
A model of a perspective consists of three partial models: a descriptive model of the situation 
"as is" (the situation without intervention); a prescriptive model of future actions; and a 
predictive model of the situation "to be". The relation between these three partial models is, 
that a script describes the transformation of the model of the "as is" situation to a model of the 
"to be" situation. The "to be" model no longer contains the undesired properties (Le. the 
complaint). 

Environmental problems are about emerging side effects in the physical environment, situated 
in a social context. All these elements are reflected by the specified model in figure 3. 
Therefore, we call this model the "minimal environmental situation of concern". "As is" models 
in general will be specifications of this generic model. 

5 AN EXAMPLE: INDOOR ENVIRONMENTAL PROBLEMS 

Due to the presence of specific agents (e.g. chemical agents like formaldehyde, ozone, 
biological agents like house dust mite) occupants of houses and offices may utter sub-clinical 
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complaints. Solving this type of problems requires a thorough understanding of the indoor 
environment of concern, in terms of the situation "as is", a script and the situation "to be". On 
the ba~i., of this understanding (which forms a perspective) actions can be taken in order to 
remove the cause of the complaints. Figure 4 presents the problem solving process in Trinity 
convention. 

Descriptive 
specification 

, Prescriptive 
specification 

: Predictive 
.' specification 

Figure 4 Indoor environmental problem solving. 

Indoor environments are constantly being influenced by their occupants. Therefore, they will be 
modelled as a complex system of physical and intentional phenomena. The concept "actor" is 
the bridge between these two subsystems: on one hand an actor is able to formulate and 
possess perspectives (knowledge domain entities) and on the other hand an actor is able to act 
in the physical and/or the communication domain. 
Figure 5 presents a generic "as is" model for problematic indoor environments. This model can 
be used as a first step in perspective construction: it should be further specified for specific 
problematic situations. For different agents, specified models are different as well. Consider for 
example rectangle 7 (Emission influencing circumstances). In a problem situation where 
chipboard is suspected to emit formaldehyde, typical emission influencing circumstances are 
temperature and humidity. It is therefore important to check whether the occupant (hexagon 4) 
likes a high temperature in the indoor environment. In situations where photo-copiers are 
suspected to emit ozone, on the other hand, the most important emission influencing 
circumstance is the intensity of use of the copier. In this situation, therefore, it is important to 
ask the occupant (hexagon 4) how often the copier is used. The generic model functions as a 
guide for further diagnosis of a problematic situation "as is". In a specific problem situation this 
results in more detailed models. 
Obviously, scripts for taking action are closely related to the specific diagnosis. The general 
idea is, that interventions "branch off' the causal chain towards "Complaint" (rectangle 28 at 
the bottom), and result in a "to be" situation in which the complaint has disappeared. It is 
important to note that in principle any branching point "upstream" of the effect is a potential 
solution: removing the source (rectangle 8), minimising emission, maximising dispersion 
(ventilation), minimising external exposition, etcetera. This is an important benefit of models 
like figure 5: they are the result of co-operation between several experts, and ensure that a 
solution depends on an assessment and potential integration of several possibilities, rather than 
on the preferences of a coincidental specialist. The modelling process as well as the resulting 
model is D-type. 



Trinity: model-based support for environmental problem solving 139 

~AbstrBCt 

Specify 
, 

Problematic 
Indoor 

environment 

Figure 5 Generic descriptive specification of a problematic indoor environment. 

6 DISCUSSION AND CONCLUSIONS 

During the process of perspective construction (stages 2-4), three-fold Trinity models evolve 
from sloppy and ill-structured models to consistent models. Because of the fact that Trinity is 
founded upon a very generic model of intentional activities, its use can be integrated in multi
actor problem solving processes without disturbing common practice. The most important 
requirement is that the problem context is D-type. 
The modelling process can take place in many different ways. Examples of different modes of 
using Trinity are individual, hidden and participative use. 
Individual use means that an actor constructs models of multi-actor situations in isolation, by 
means of introspection. Although this mode of operation seems to be efficient and attractive at 
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first sight, it often leads to perspectives that are not shared by the actors involved in the 
implementation processes of stage 5. 
In case of hidden use, this shortcoming is avoided: a knowledge broker communicates 
intensively with actors involved, in order to thoroughly test and refme his/her interpretation of 
points of view of other actors and/or larger parts of the overall perspective. These actors either 
act as consultants in the process of perspective construction (e.g. scientists), or are participant 
in the actual problem context. The modelling process is a background process, performed by 
an expert modeller. 
Participative use means, that Trinity models are being constructed by several actors in group 
processes. Participative use highly facilitates building consensus between differing 
"stakeholders". The models function as catalysts in these processes. A potential bottleneck in 
participative use is that all the participants must understand the modelling conventions, and be 
able to contribute to the modelling process. In case of professional D-type problem solvers 
(e.g. policy makers), this should not be a problem. In case of representants of societal actors, 
however, a mix of hidden use and participative use might be considered. 
A strong point of Trinity is, that it enables to model complex three-domain contexts on several 
layers of detail. This is not only beneficial for the modelling process itself (as knowledge 
increases, models become more refmed), but in addition models on different levels of detail 
may be used to communicate with different levels of decision making actors (cf. the 
subsidiarity principle in European environmental policies). 
Abstract models can be used as generic models, that guide problem solving processes for more 
specific cases (cf. KADS generic models for modelling expertise, Breuker en van de Velde, 
1994). The "minimal environmental situation of concern" and the indoor environmental model 
are examples of generic models at different levels of abstraction. A library of generic models 
will develop as a side effect of using Trinity. Eventually, this library may function as a starting 
point for multi-actor problem solving processes. 
The rationale for developing Trinity is that its use supports the process of perspective 
construction in multi-actor problem contexts, resulting in more coherent perspectives, which 
on their tum will result in more effective and efficient implementation processes. First exercises 
indicate, that this indeed is the case. At this moment, the use of Trinity is tested more 
extensively in environmental policy processes in the Netherlands. Examples of case studies are 
emission reductions of volatile organic compounds and reduction of packing materials. At this 
moment the mode of operation is predominantly hidden use. 
In a new line of research, the potential of computer-aided knowledge brokerage is explored. 
This line of research is ultimately directed at designing and implementing a computer-based 
workbench for D-type problem solvers, that supports use of the Trinity approach (for example 
applying abstraction and specification procedures, consulting and extending the library of 
generic models). 
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