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Abstract: Interactive flood simulations models are computer models that are usable for practitioners
during work sessions, allowing demand-driven flood simulations together with domain experts. It is
assumed among developers of such models that these interactive models better serve decision-making
processes, resulting in better informed decisions about, for example, evacuation and rescue operations.
In order to test this assumption, we present a method that uses observations to monitor and evaluate
decision-making processes in work sessions where interactive models are applied. We present
a theoretical framework as a basis for this method, based on theory of collaborative knowledge
construction, and operationalize this into measurable metrics. We demonstrate our method in two
cases of flood disaster management and illustrate and discuss the strengths and weaknesses.

Keywords: hydrologic modelling; flood risk management; co-production of knowledge; collaborative
knowledge construction; interactive modelling; interactive simulations

1. Introduction

Since the 90s, computer simulation modelling has become increasingly important in the production
of knowledge relied upon in the management of flood risks [1,2]. The simulation models, which are
central to flood risk management, originate in hydrological and engineering sciences, where computer
simulation have made it possible to explore complex natural systems [3,4]. In the management of
flood risks, simulation models are used for various purposes, for example to build understanding
about floods, to predict future floods or to explore the effect of adaptation or mitigation measures [5].
Outputs of these simulations are usually communicated by using flood hazard maps that show the
spatial pattern of floods including inundation depths or damages.

Several scholars have argued that the knowledge produced by model specialists (i.e., domain
experts) is poorly used by decision-makers, policy analysts and other practitioners outside the domain
of experts [6–8]. It was found in these studies that the actual model outputs are often not usable in
the decision-making context, despite the effort of competent authorities, local experts, practitioners,
and model specialists in preparing and configuring advanced computer simulation models.
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The interactions between domain experts and practitioners are often based on a one-way approach,
with knowledge transfer largely originating from the domain experts, and involving the domain experts
as the producers of knowledge and the practitioners as the users. This one-way approach may fail to
match the expectations of practitioners of flood policy decision-making and it may be used differently
than was expected or intended by experts. Moreover, the interaction between experts and practitioners
is difficult due to differences in problem perceptions, time frames, reward structures, goals, process
cycles, criteria for judging the quality of knowledge and discourse [9–12]. As a consequence, model
outputs prepared by domain experts are often not part of the considerations and discussions among
practitioners of flood policy decision-making and have little influence on the analysis of the situation
at hand and the identification of possible measures [7].

There is a growing recognition in the field of policy research that model outputs and other
knowledge produced by domain experts (e.g., scientists, modellers, engineers) can be more effectively
used when interactive ways of knowledge production are applied [8,13]. Instead of a one-way supply
of information from the experts’ domain to the practitioners’ domain, knowledge is jointly produced
by obtaining perspectives of domain experts, practitioners and other stakeholders involved in the
complex problems that are being studied. This is also indicated in literature as the co-production of
knowledge [14–16]. Such interactive approaches are expected to result in a better inclusion of different
knowledge sources, more socially robust knowledge (i.e., knowledge production that has taken place
in its context of application) and increased ownership and accountability for decisions [15,17–19].

Following this development towards knowledge, which is jointly produced by domain experts and
practitioners, flood simulation models have recently been developed that can be used during the work
sessions in which practitioners and domain experts gather to collectively make decision choices (see
Figure 1). These so-called interactive models are expected to be more effective into the decision-making
process than static maps from conventional simulation models. Interactive models rely on fast and
flexible computation algorithms and realistic visualizations and are therefore accessible for practitioners
so that they can carry out flood simulations together with domain experts in work sessions [20] (see
Figure 2). Interactive models can, for example, be used during work sessions to assess the impact of
storm surges or dam breaches or to analyze the effects of suggested measures, such as elevating levees
by sandbags in conditions of flood disaster management or developing water storage basins in urban
areas. Other than ‘participatory modelling’ [16,21,22], where a model itself is created together with
practitioners or other stakeholders, interactive models are largely prepared on beforehand. However,
interactive models can, depending on its functionalities, be adapted during a work session, for example,
to add missing data or to set the conditions for different scenarios. The technical feasibility of using an
interactive model in multi-actor work sessions in flood management has already been demonstrated
in various cases. Leskens et al. [23] concluded in two case studies that the interactive use of a flood
simulation model during multi-actor work sessions was appreciated by its participants and was seen
as an improvement when compared to the use of static flood maps made in advance of a work session.

Although the first application of interactive models shows that their use can be helpful to provide
useful model information to practitioners, these observations are based on the personal opinions of only
a small number of users. Moreover, these models were set-up with specific interactive functionalities,
so it is hard to conclude if and how these applications where successful. Therefore, there is a need for a
more systematic evaluation method of what is in fact the influence of applying an interactive model on
the process and outcome of a work session. Gaining more insight about this influence is necessary
as multi-actor work sessions in which interactive model tools are used are increasingly applied,
for example during flood disasters [20], urban planning [23] or in serious games in which participants
can play the role of different stakeholders in a virtual environment [24]. Better understanding of the
influences of applying interactive models will help practitioners to discriminate between successful and
non-successful modelling approaches and will help model experts to improve their interactive models.
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Figure 2. The conventional use of model outputs (top) versus the application of an interactive model
(bottom). In the situation of conventional modelling, a model is used to prepare static outputs for work
sessions of practitioners. In the case of interactive modelling, a model is used during work sessions of
practitioners to provide outputs on demand.
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2. Objective

Our goals here are to gain more insight in the influence of interactive modelling on decisions.
To this end, we present a method that uses observations to monitor and evaluate decision-making
processes in work sessions where interactive models are applied. We present a theoretical framework as
a basis for this method and operationalize this into measurable metrics. Consequently, we demonstrate
the method in two cases of flood disaster decision-making, discuss its usefulness and applicability
and propose directions for further research. By introducing an assessment method, we want to set the
agenda for a more systematic evaluation of the influence of interactive models and tools applied in
current and future flood policy decision-making.

3. Collaborative Knowledge Construction

The concept of collaborative knowledge construction refers to the real-time process of how
different participants in meetings or workshops exchange knowledge and use external information
sources (e.g., from maps or models) to create shared knowledge when decisions are made [25].
It emphasizes the ongoing learning process of participants at times disturbed, uncertain and high-tempo
environments [26]. The concept of collaborative knowledge construction is therefore very useful to
understand the process of flood policy decision making in work sessions where interactive models
are used.

Collaborative knowledge construction is to a large extent measurable through real-time observation,
which helps us to understand the influence of interactive models on decision-making. These real-time
observations are usually done by video analysis in which the conversations during the process are
fragmented into individual statements that are expressed by the participants [25,27]. Following this,
these individual statements can be characterized on different properties of collaborative knowledge
construction, for example by the topics that are being mentioned, the rate of participation of different
actors and the extent to which participants refer to each other’s statements. This is further elaborated
in the method section.

Examples of real-time observation of collaborative knowledge construction processes in groups are
not yet found in flood policy decision making. Earlier methods to assess the use of model information
mostly consist of an evaluation afterwards in which the usability of model information that was
provided on beforehand is evaluated in terms as usefulness and accuracy [1,28,29]. However, useful
examples of real-time observation of collaborative knowledge construction processes can be found in
educational research, for example to investigate the process of collaborative knowledge construction in
the context of classrooms, digital bulletin board systems or internet forums [30–32].

Related to the concept of collaborative knowledge construction is the concept of social learning,
here defined as the process in which individuals or groups learn and adapt to disturbances and
uncertain social-ecological conditions [14,33]. The social learning process takes place on wider time
and group scales than multi-actor work sessions, which have a time horizon of approximately two
hours (i.e., our unit of analysis).

Social learning can be analyzed on at least three time and group scales [34]: (1) on short to medium
time scales at the level of processes between collaborating stakeholders in collaboration processes,
(2) on medium to long time scales at the level of change in actor networks, and (3) on long time scales
at the level of change in governance structure (formal and informal institutions and cultural values,
norms, and paradigms). The first level best corresponds with the process of collaborative knowledge
construction in work sessions we are focusing on in this article.

4. Monitoring and Evaluation Method

The process of collaborative knowledge construction is further elaborated here in measurable
indicators. To this end, we adopt indicators that have often been used for the same purpose but in
another context, namely educational settings in classrooms or forums. We adapt these indicators to the
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situation of multi-stakeholder processes in flood policy decision making. We have categorized the
indicators in three groups: indicators that relate to:

1. The content of knowledge available in a multi-stakeholder work session;
2. The process of exchanging knowledge among the stakeholders;
3. The outcomes of a work session [25,30,35].

4.1. Indicators Related to the Content of Available Knowledge

The collaborative knowledge construction process depends on the content that is available in
the multi-stakeholder work sessions, brought in by prior knowledge and experiences of the various
stakeholders or by external information sources available such as flood maps or models. More content
means that more input is available to collaboratively construct shared knowledge.

One can assess this content with the following indicators:

1. The scope of prior knowledge and experiences among the participants, measured by a
questionnaire with questions about what organization the participant represents, their task
in this organization, prior experience and knowledge related to the topic of the work session,
planned contribution in work session and expected results of work session.

2. The amount of relevant external information available, such as maps, factsheets or databases.

4.2. Indicators Related to the Process of Collaborative Knowledge Construction

Besides the available content in a group, collaborative knowledge construction depends on how
this content is exchanged among the different participants and how this exchange of content leads
to constructed knowledge of the group [36]. Social interaction plays an important role in this [37].
Weinberger and Fischer [38] provide a framework to further analyze this process of social interaction
in detail. This framework was applied in research about computer supported collaborative learning in
educational settings. Regarding the process of collaborative knowledge construction, the framework
focuses on the degree to which different participants of work sessions participate and on the level
of social co-construction, measured by the extent to which participants refer to contributions (i.e.,
statements) of other participants [25].

Four levels of social co-construction can be discriminated [30,39], from low to high:

(a) externalization of knowledge, in which participants bring individual prior knowledge into
the situation;

(b) elicitation of knowledge, in which participants are causing each other to express knowledge;
(c) conflict-oriented knowledge construction, in which different interpretations are confronted and

knowledge structures are modified; and
(d) integration-oriented knowledge construction, in which individual perspectives of participants

are integrated in common knowledge.

The different levels of social co-construction can be recognized by the type of statements that
participants make, such as questions, replies, clarifications, interpretations or reflections.

For example, asking for clarification about the statement by another participant can be considered
as the second level of social co-construction (i.e., elicitation), whereas debating the statement of another
participant refers to the third level (i.e., conflict-oriented knowledge construction). In Table 1 we link
different types of statements, as distinguished by Pena-Shaff and Nichols [30], to the four levels of
social co-construction.
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Table 1. Levels of social co-construction of knowledge linked to different types of statements used
in conversations.

Levels of Social Co-Construction of
Knowledge [38] Types of Statements [30]

1. Externalization of on-topic knowledge Clarifications: Identifying and elaborating on ideas and thoughts
Replies: Responding to other participants’ questions or statements.

Interpretations: Using inductive and deductive analysis based on facts
and premises posed, making predictions and building hypotheses

Reflections: Acknowledging learning something new, judging
importance of discussion topic in relation to their learning

2. Elicitation of on-topic knowledge Questions: Gathering unknown information, inquiring, starting a
discussion or reflecting on the problems raised.

3. Conflict-oriented knowledge construction Judgment: Making decisions, appreciations, evaluations and criticisms
of ideas, facts and solutions discussed

Conflict: Debating other participants’ points of view
Assertion: Maintaining and defending ideas questioned by other

participants

4. Integration-oriented knowledge construction Consensus building: Trying to attain a common understanding of the
issues in debate

Support: Establishing rapport, sharing feelings, agreeing with other
people’s ideas either directly or indirectly, and providing feedback to

other participants’ comments

Following the aforementioned literature, the process of collaborative knowledge construction can
be assessed by the following indicators:

3. The degree of participation, measured by the number of statements per participant [25,40].
To make sure that the statements are in fact part of a participation process, they are only counted
if they are a response to earlier statements and have the full attention of the group.

4. The degree to which the discussed topics were socially co-constructed. This is measured by the
number of statements per topic, sorted out by the four different levels of social co-construction
(Table 1). To ensure that the statements are in fact part of a shared knowledge construction
process, they are only counted again if they are a response to earlier statements and have the full
attention of the group.

4.3. Indicators Related to the Outcomes of Collaborative Knowledge Construction

A third aspect to assess the process of collaborative knowledge construction is to focus at its
outcomes. Outcomes are the follow-up actions of a work session, such as a redefinition of the issue,
definition of further research, the involvement of other actors, an elaboration of selected solutions or,
the selection of a certain solution [41].

The outcomes are strongly related to the content and the process of collaborative knowledge
construction. For example, when a lot of content (i.e., prior knowledge and experience of participants
or external information sources) is available in a work session and the process has a high quality (i.e.,
a high participation rate and high levels of social co-construction), one can expect good outcomes, for
example with high effectiveness, sustainability or efficiency. However, this will not always be the case.
One can also imagine the case in which the responsive decision-makers neglect the outcomes of a
high-quality collaborative knowledge construction process and implement other decisions. Therefore,
the outcomes of a collaborative knowledge construction process can be assessed by the consistency
between the intended follow-up actions of the participants in the work session and the implemented
measures. Related to this, Bouwen and Taillieu [37] consider the social relational qualities of outcomes,
related to the level of ownership of solutions by the stakeholders. This will be mainly proved after a
work session and can be measured by the extent to which outcomes are committed to in follow-up
actions, the participation of the stakeholders in follow-up work sessions, and the degree to which the
participants show ownership of and feel responsible for agreed actions.

One can assess outcomes by the following indicators:
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5. The degree of consistency of the implemented follow-up actions and the intended follow-up
actions during a work session. We measure this in a qualitative way by comparing both.

6. The degree of ownership of the follow-up actions by the participants and their feeling of
responsibility to undertake actions. We measure this by the participation (i.e., number of
statements) of the participants in the definition of the follow-up actions and by monitoring the
engagement of participants after the work session, for example by their interest to participate in
new work sessions.

5. Methodology of Cases Studies

5.1. Case Objectives

The objective of our case experiments was to test the applicability and usefulness of our method
presented in the former section. To this end, we applied two different model applications as introduced
in this paper:

(1) A conventional model providing static model outputs and;
(2) An interactive model allowing for demand driven model simulations. Consequentially we

compared the outcomes on the different indicators and discussed whether our method was able
to capture the differences in collaborative knowledge construction between both approaches.

5.2. General Set-up of Cases

We tested our assessment method for the two modelling approaches in a predefined flood
disaster decision-making situation. In the conventional modelling approach, the participants had
the availability of static flood maps, showing floods on several dam breach location, and a digital
elevation map and a topographical map. In the interactive modelling approach, the participants had
the availability of the same maps. Additionally, they could make use of an interactive flood simulation
model. The static flood maps that were available in both cases were created by using the interactive
flood simulation model on beforehand.

In both cases, a similar multi-stakeholder work session during a flood disaster was simulated,
characterized by a content-driven, high tempo decision-making process [7]. We chose the setting of
flood disasters, as in this setting the information sources such as maps and models are only used when
they are directly applicable, since there is little time to process complex information [12]. In other
settings, where more time is available and specialists have more room for explanation and answering
questions, the usefulness of model information to feed the process of knowledge construction is less
clear. Another reason to choose this setting was the great variety of involved stakeholders (e.g., water
boards, municipalities, fire departments or police departments) all bringing in different content to the
knowledge construction process. Most of these stakeholders are not familiar with model information.

5.3. Case Description

The area of concern was the town Hoorn (in North Holland), which was threatened by a flood due
to a storm on the adjacent lake named Markermeer. Each case had eight participants. The decision task
of the participants in both cases was to decide about which neighborhoods of the town Hoorn had to
be evacuated due to the threatening flood. The experiment took 30 min. At the start of each round of
10 min, the participants were given new information about the impending flood. After each round they
had to make a decision. The disaster script that was followed is shown in Table 2 and was similar for
both cases. On beforehand, the participants where thoroughly briefed about the general time planning,
their roles, the maps and the interactive flood simulation model. Since this was an experimental setting,
indicator 5 (i.e., the consistency of the intended follow-up actions and the implemented follow-up
actions) was not measured.
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Table 2. Disaster script.

Round Announcement Decision Task

1

A storm surge in combination with high water
levels in the Markermeer. As a consequence,

the water levels at the protecting dikes of Hoorn
are at alarm level

Should there be any neighborhoods
evacuated and, if so, which neighborhoods
should be evacuated first (with a maximum

of four)? Answer within 10 min
2 Dike deformations are reported at three locations Idem

3 Flood gate in the harbor of Hoorn is about to
breach Idem

5.4. Participants

The cases were carried out during a conference about water information systems called the ‘Lizard
Experience’ on 19 November 2014. Seventeen people participated our experiment (14 male and 3
female, aged between 40 and 65). While they were not familiar with the experiment, they all knew the
context of flood management organizations and had experience working with maps. The participants
were randomly distributed over both cases. All individual statements during the experiment in both
cases where recorded and scored according to the assessment method as described in the former section.

To simulate the different stakeholder perspectives, each participant was informed beforehand of
the experiment about his/her role and prior preferences for solutions. However, it was emphasized
that this preference was allowed to change during the experiment due to new insights. Indicator 1 (i.e.,
the scope of prior knowledge and experiences among the participants) was not measured, since it was
prescribed. In real cases, this indicator can be measured by standard questionnaire methods.

The following four roles where identified and each role was represented by two participants:

• Mayor: has the perspective of ‘better safe than sorry’ and wants to evacuate as much and as soon
as possible

• Water board director: Since the strength of the dikes are the responsibility of the water board
director, he advocates that evacuation is not necessary

• Fire department officer: Due to earlier experiences, the fire department advocates for vertical
evacuation, which means that the people move to higher floors instead of leaving the area

• Police department officer: Prefers to evacuate the neighborhoods that are feasible to evacuate in
relation to available evacuation routes

5.5. Available Information

Each group had the availability of the following information:

• Six inundation maps, each showing the flooded area after six hours as the consequence of a certain
dam breach (Figure 3).

• Digital elevation map of the area
• Topographical map of the area, showing the main roads and the neighborhoods
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5.6. Interactive Flood Simulation Model

The interactive flood simulation model that was applied in case 2 was the 3Di model [42].
The graphical user interface of 3Di consists of a digital topological map or satellite image of the area,
projected on a touch table (Figure 4). Dam breaches can be simulated by clicking on the screen. Either
a fixed discharge or an initial width could be assigned to a dam breach location.
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Figure 4. Display of interactive model 3Di [20].

The speed and ease with which dam breaches could be simulated and the area could be adjusted
without the help of model experts are the core innovative aspects of this interface. In conventional
model interfaces adaptions can only be made by model specialists. Making adaptations in these
conventional models, together with the accompanying computation time of an adapted model scenario,
takes several hours and can therefore not be carried out during stakeholder meetings.
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6. Results

6.1. Indicator 1: The Scope of Prior Knowledge and Experiences Among the Participants

Since an experimental setting was created, to compare the use of an interactive model with
the conventional use of model information on maps, the prior knowledge and experiences of the
participants in both cases were equal. In real-world applications this would be measured by a standard
questionnaire. It would result in an inventory similar to the description in Section 5.4.

6.2. Indicator 2: The Amount of Relevant External Information Available, such as Maps, Factsheets or
Databases

Since an experimental setting was created, to compare the use of an interactive model with the
conventional use of model information on maps, the content in both cases was equal, except from the
interactive model that was used in one of the cases. In real world cases, indicator 2 would be measured
by an inventory of the available external information as it is described in Section 5.5.

6.3. Indicator 3: The Degree of Participation, Measured by the Number of Statements per Participant

The scores on indicator 3 (i.e., the degree of participation of the different participants) are shown in
Table 3. The scores show that the total number of statements per stakeholder in both cases is significant.
Looking to the distribution of statements over the different stakeholders, we observe that in the case
with the conventional model the water board expressed significantly less statements than the other
stakeholders. However, as the total number of statements from the waterboard is still 26, we can
conclude that all stakeholders contributed significantly to the process of knowledge construction with
none of them withdrawing from the process of knowledge construction.

Table 3. Indicator 3: Participation of different stakeholders with and without the use of an interactive
model, monitored by the number of statements per stakeholder. Statements were only counted if they
were a response on earlier statements and had had full attention of the group.

Sender Case Interactive Model Case Conventional Model

Total 249 238
Municipality 64 70
Water board 71 26

Police department 52 58
Fire department 62 84

6.4. Indicator 4: The Degree to Which the Discussed Topics were Socially co-Constructed

The results on indicator 4 (i.e., the degree in which the discussed topics where socially
co-constructed) are shown in Table 4. The following conclusions can be drawn from this table:

• More topics where discussed in the case without the use of an interactive model.
• The participants in the case with the use of an interactive model have more focus on technical

topics, represented by the type of topics (e.g., discussing the live model results, necessity of
evacuation, the time to inundation and the routes of evacuation) and the intensity in which these
topics were discussed.

• The participants in the case without the use of an interactive model show a higher variety of topics
discussed, such as different actions to decrease the consequences of floods and different options
for evacuation (i.e., shelter on dike, improving self-reliance, evacuating cattle).

• The distribution of the statements over the different levels of social co-construction are comparable
in both cases (see the last row of the table).
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Table 4. Indicator 4: The degree in which the discussed topics where socially co-constructed. This
was measured by the number of statements per topic, sorted by the four different levels of social
co-construction. To make sure that the statements were in fact part of a shared knowledge construction
process, they were only counted if they were a response on earlier statements and had had full attention
of the group. Note that the total number of statements is slightly different from the total number of
statements in Table 3 because a few statements per case could not be clearly classified in one of the
categories of social co-construction.

Case Interactive Model Case Conventional Model

Level of social co-construction 1 2 3 4 1 2 3 4

Topics discussed in both cases (10):

Areas to evacuate 17 4 12 9 11 3 11 13

Assignment 1 2

Elevation of area 4 11 2 1 7

Follow-up actions 1 2 8 6 4 2 5 13

Land use 1 1 1

Location of sluice/breach 11 4 12 2

Necessity to evacuate 6 1 11 13 4 1 3 1

Route to evacuate 34 4 7 6 4 1 1 2

Self-reliance in evacuation 1 4 2 5

Time to evacuate 3 2 1

Topics only discussed in the group with the use of an interactive model (9):

Areas to warn 5 2 5

Horizontal or vertical evacuation 1

Interpretation results of model 2 1

Live model results 31 2 1 2

Model application 6 1 1 2

Model scenario set-up 8 4

Prepare or inform people about evacuation 1 1

Support 1

Topography 9

Topics only discussed in the case without the use of an interactive model (18):

Actions to block channel 10 1 2

Actions to decrease consequences 7 1 2

Adaptive building techniques 1

Consequences of breach 14 3 9

Consequences of breach in relation to water level 2 1

Content of flood maps 11 1 2 1

Dike as place to evacuate to 5 2

Discharge through breach 7 2

Elevation map 1 1

Evacuation cattle 4 1 1 2

Evacuation to higher areas 1 1

Number of sluice gates 2 1

Observation on map 12 2

Preparation of involved organizations 1

Role of mayor 2 1

Roles 1 1

Unclear 1

Water level 1

Totals: 140 24 44 46 134 24 32 61
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6.5. Indicator 5: The Degree of Consistency of the Implemented Follow-up Actions and the Intended Follow-up
Actions During a Work Session

After each round—which started with the provision of new information—the participants in both
cases had to formulate follow-up actions. The follow-up actions after each round are listed in Table 5,
showing the following general points:

• The participants in both cases (in round 1 and 2) focus on the same neighborhoods, whereas in
round 3 the focus was different. Here, the participants in the case with the use of an interactive
model could directly examine the consequences of a breach of the flood gate in the harbor of
Hoorn. Since this dam breach location was not described on one of the six static flood maps,
the participants in the case without the use of an interactive model had to estimate the potential
flooded area.

• The participants in the case with the use of an interactive model took the elements of depth
and time to inundate more into consideration. This results in follow-up actions about vertical
evacuation instead of evacuation out of the area, prioritizing neighborhoods that could be flooded
early after a breach and providing inhabitants information about the time to inundation.

• The participants in the case without the use of an interactive model covered a wider range of
topics in their follow-up actions, such as concerns about invalid people, warning cattle farmers
and leave evacuation routes open.

Table 5. The follow-up actions that were decided upon after each round with and without the use of an
interactive model. The letters of the neighborhoods correspond to the topographical map that was
available in both cases (see Figure 3).

Rounds Case of Interactive Model Case of Conventional Model

1 Prepare for vertical evacuation of
neighborhoods T, U, V and W

Prepare neighborhoods T, U, V and W for evacuation
out of the area

2
Prepare for vertical evacuation of

neighborhoods T, U, V and W. If only
one floor, then horizontal evacuation

Prepare neighborhoods U, V and W for evacuation
out of the area. Warn cattle farmers. Evacuate invalid

people. Leave evacuation routes open

3
Vertical evacuation for half R, Q and Y.
Prepare other areas. Inform about time

to inundate

Evacuate Y directly out of the area, prepare U, V, W.
Warn cattle farmers

The results of indicator 6 (i.e., the degree of ownership of the follow-up actions by the participants)
are shown in Table 6. This ownership was measured by counting the number of statements per
stakeholder regarding the formulation of follow-up actions. No clear differences between both
cases can be observed. Notable is the high engagement of the municipality in both cases, which
might be related to their preference of evacuating as many neighborhoods as possible. Since our
experiment included a simulated environment, the real engagement afterwards could not be examined.
In real-world applications, this would be an important indicator for the ownership of the follow-up
actions [37].

Table 6. Involvement of different stakeholders in the formulation of follow-up actions after each
round with and without the use of an interactive model, monitored by the number of statements
per stakeholder.

Sender Case of Interactive Model Case of Conventional Model

Round 1 Round 2 Round 3 Total Round 1 Round 2 Round 3 Total

Municipality 2 5 3 10 1 5 6 12
Water board 4 1 2 7 2 0 1 3

Police department 1 3 1 5 1 2 2 5
Fire department 2 5 1 8 1 1 2 4
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In summary, the collaborative knowledge construction process in the case with the use of an
interactive model made it easier to integrate scientific knowledge, such as critical depths and time to
inundation, into decision making. This resulted in follow-up actions about vertical evacuation instead
of evacuation out of the area, prioritizing neighborhoods that could be flooded early after a breach
and providing inhabitants information about the time to inundation. On the other hand, the case
without the use of an interactive model ‘spent’ its collaborative learning capacity more on developing
more integral follow-up actions, taking concerns about invalid people, warning cattle farmers and
accessibility of evacuation routes into account. The outcomes on participation, social co-construction
and ownership of the outcomes where comparable in both cases.

7. Discussion

Here, we discuss the limitations, restrictions and transferability of our method to other case
studies. Given our experimental set-up, we were not able to test indicator 1 (conducting a questionnaire
to measure the prior knowledge and experience of participants), indicator 2 (making an inventory
of the amount of relevant external information available) and indicator 5 (comparing the follow-up
actions and the implemented follow-up actions). Since these activities can be seen as common research
activities, we did not find it necessary to test the usefulness and the practical applicability of these
indicators. Moreover, it gave us the opportunity to focus on the other indicators (i.e., participation,
co-construction and ownership), as they can be seen as more innovative indicators in the field of testing
the use of models.

Improvements of the method that should be considered in future research are the inclusion of
personal characteristics of participants that influence the collaborative knowledge construction process,
such as leadership capacity and extroversion, and nonverbal communication [43].

Situational aspects, such as relations among participants and shared history are expected to highly
influence how participants interact and therefore influence the collaborative knowledge construction
process. To understand how the use of models influences the process of collaborative knowledge
construction, these situational aspects should therefore be carefully mapped. This is not necessary in
contexts where situational aspects do not play an important role. An example of such a context is the
context of flood disasters, as this is a content-driven, high tempo and temporal decision environment
in which participants often do not know each other on beforehand.

In practice, our method can be applied to test the effect of different set-ups of multi-stakeholder
work sessions in which interactive models are being used, for example by different guidance styles or
different agendas. Further, the method can function as a benchmark in comparing different interactive
models or other interactive analysis tools applied in flood management.

8. Conclusions

In this paper we investigated how the use of an interactive model influences the decision-making
process in multi-actor work sessions in flood policy decision-making. Specifically, we focused on
the properties of the collaborative knowledge construction process in the situation of flood disaster
decision making. To make the influence of the use of an interactive model measurable, we presented a
method including six indicators to monitor the content, process and outcomes of the collaborative
knowledge construction process. We showed that a focus on the process of collaborative knowledge
construction is a useful perspective to understand how model outputs become integrated with the
knowledge of practitioners towards a shared understanding about the situation at hand. Our method
therefore provides additional insights in the usefulness of models with respect to conventional methods
that are mostly discriminating between ‘produced’ knowledge by domain experts and the use of this
knowledge by practitioners.

The method helped us to understand how prior knowledge from participants merges with external
knowledge from a model and how this results in shared knowledge of the group through a process of
interaction. In the case with the interactive model we learned that, when technical knowledge about
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the situation at hand is directly available and understood, the shared knowledge base of the group
was more enriched with technical knowledge. Consequently, this resulted in decisions that took more
technical/physical properties of the expected flood into account, such as vertical evacuation instead of
evacuation out of the area, prioritizing neighborhoods that could be flooded early after a breach and
providing inhabitants information about the time to inundation.

Recording, fragmenting and classifying the conversations during the work sessions took around
eight hours per case. Therefore, we succeeded in presenting a method that can be easily applied,
focusses on measurability, but still captures important aspects of the process of collaborative knowledge
construction when an interactive model is used.
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