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Abstract
Most socio-technological Systems are complex and have many variables interconnected, which makes them hard to predict
and more important to control. Moreover, in many cases it is required to choose a plan of action that would bring some
consequences and/or rewards. Under those circumstances it is important to make a decision based on the system’s variables,
requirements, munificence and complexity and that they are evaluated using feasibility, viability, key performance indicators
and time. In particular, the time required to make a decision. Hence, the correct use of decision-making tools would increase
the chance of making a correct choice. For this reason, this work focuses on the list of requirements for a facilitation room,
facilitation staff and tools, that would help the stakeholders to make a choice in a timely manner. The work ends with some
suggestions that are likely to favor the final decision.
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1 Introduction

Systems can be defined as a group of entities that are inter-
connected [54]. This implies that the entities of a system will
either respond to, or be affected from changes to any ele-
ment of the system. A system, which involves entities of a
social and technological nature, becomes a complex socio-
technological system [14,59]. These systems have some
characteristics in common, such as: multiple entities inter-
related with many variables, many possibilities and freedom
of operation, particular and general objectives of the entities
that compose them and difficult to predict future behavior.
Some examples of complex socio-technological systems are
healthcare, transportation, government policy implementa-
tion, environmental protection and education which have
many interactions and have many contributions from differ-
ent fields to work efficiently [41].

More specific examples of complex socio-technological
systems are the cases of the applications Airbnb or Uber,
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where the technological system is composedof theweb appli-
cation developed to request a room for rent or a transportation
system for a certain amount of time or distance, the schemes
for collection and administration of time, while the social
parts of the system are the house or car owners and users
which interact between each other to provide and receive a
service [36].

More in detail, as the name suggests socio-technical sys-
tems are composed of technological and social factors. The
technological factors in complex socio-technological sys-
tems are composed of those tools, devices or means, which
are used by the human factor to perform some task, sat-
isfy some need or reach an objective. The behavior of the
technological factor normally presents patterns or algorithms
that in general can be identified and represented with some
precision. On the other hand, the social factor cannot be eas-
ily measured, and its relationship is not easily understood.
Moreover, normally systems consider incorporating techni-
cal elements as core and pays no attention to social elements
thinking of them exclusively as contextual. However, social
elements and the corresponding relations must also be con-
sidered as belonging to the system [43], otherwise factors
such as social interaction might be forgotten.

One special element of the social factor that is commonly
mistakenly excluded is decision-making. This is especially
important since is precisely humans who choose the actions
within the systems and setup its initial configurations. So,
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decisions are of importance because they incite how a sys-
tem will react and finally how it will perform on the long
term. Hence, humans need to make decisions and must be
aware that their choices will alter the social factor, the tech-
nological factor or both, in a certain determined time, taking
into account the multiple variables that affect it and the mul-
tiple objectives within this type of systems. For this reason,
facilitating a correct decision-making will help planning and
guiding the future of a complex socio-technological system.

It is important to notice that decision-making is likely
made considering the opinion of several people or actors that
are invested in the outcome. Yet, in many cases these actors
are independent, they probably have particular objectives that
often contradict each other, have different time restrictions,
have different backgrounds, and there is little clarity regard-
ing how to weight the priorities of each member. Another
aspect to be considered within complex socio-technological
systems is that when different actors act independent, opti-
mization moves away and the system may have the opposite
behavior to the desired one [17,54].

Further, the use of interactive spaces are beneficial to avoid
frustrations and promote positive experiences (i.e. enjoy-
ment, engagement) [44]. Also, the interactive design changes
how people communicate, interact and share information,
and impact a large number of sectors, from cultural, manu-
facturing, creative, education, and healthcare. enabling new
attractive opportunities [18,58]. Moreover, the use of screens
has been proven to be beneficial to engage actors [51]. These
aspects raise the importance of having specific spaces where
actors may engage in the decision-making process.

Consequently, this work focuses on the design of room
to facilitate decision-making. In the second section decision-
making is defined more extensively, coupled with its main
differences, variables and tools. After, the third section
explains decision-making facilitation, including a room,
facilitation staff and storytelling as a useful technique for
decision-making. The fourth section introduces a room for
decision-making including suggestions for a technological
model and specifications for the room and its facilitation
staff. Finally, the last section gives context, future work and
conclusions on the study.

2 Decision-making

Decision-making is an important component in complex
problemsolving, like situation assessment negotiation, design,
and command and control [38]. There aremany kinds of deci-
sions like choosing from a large set of alternatives, accept or
reject an option, and constructions which are complex prob-
lems that require many choices and compromises to obtain
the ideal solutions with current resources [30]. Certainly,

decision-making for constructions are not trivial and require
that many options be weighted before a decision is made.

Yates [60] defines decisions as a commitment to an action
that is designed to yield a satisfying result for many groups.
Likewise, Candelas [6] defines it as electing from a simple
or complex array of options the one or more that satisfies
the criteria along a certain number of perspectives. Further,
Jonassen [30] states that a decision is a representation of
a problem where the problem-solver assesses from two or
more possible outcomes and selects one of the alternatives to
follow. In his work he also describes that rationally the best
option is the one that provides maximum utility and from a
natural perspective is the one with the most agreement with
personal beliefs and experiences [30].

Markedly, all these definitions state that is required to
select one from a multiple-choice option. Those options
are an assemble of requirements, strategies, events, predic-
tion, opportunities which requires a settlement to a plan that
might obtain the highest returns or benefits to the involved
parties [30]. In general, decision-making involves, at a min-
imum, the following three processes:

– Problem statement. At this point the problem is clearly
identified, the objectives or goals, its limitations and
scope.

– Definition ofAlternatives to solve the problemor to reach
the objective. In this section several alternatives are pro-
posed to solve the problem, identifying its advantages and
disadvantages. Each of the alternatives must be evaluated
from different perspectives, either be financial, technical,
ethical perspectives, among others.

– Most favorable alternative selection. At this point, and
the variable that, under the perspective of the decision
makers, is the best option is selected. The decision-
making processesmust consider issues related to legality,
ethics, environmental impact and economic valuation,
since these aspects may affect the viability of decision
made.

As it can be observed these three processes does not
include any implementation since it is not a direct process
of decision-making, yet, it can be included as feedback to
restart the whole process (see Fig. 1).

2.1 Variables and evaluation for decision-making

As stated before, decision-making involves selecting an alter-
native from multiple options. Commonly, this alternative
would be the one with ideal or optimal benefits. In engi-
neering and economics, optimization is based on considering
single objective, evaluating criteria or point of view [61].
However, in reality, obtaining the ideal solution requires to
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Fig. 1 Decision making processes

take into account various elements or variables for decision-
making, however, as previously stated, having many actors
moving independently makes the system to move away from
optimum [17,54].

For this reason, to make a correct decision it is highly
beneficial to observe what are the necessities and how
some variables work together (in other words, requirements,
munificence and complexity) and evaluate them working
together in terms of velocity, feasibility and viability. Addi-
tionally, it is not always simple to do so since these variables
likely have multiple criteria, conflict between their criteria,
are complex, are subjective and ill-structured for the eval-
uation process, or they require introduction of the decision
makers in the evaluation process [50,61]. Some of the most
important variables are listed below:

2.1.1 Stakeholders requirements

Typically, a system has many investors that have participa-
tion in the process of decision-making. The change from
one to multiple decision-makers introduces a considerable
amount of intricacy, which changes from the most preferred
alternative among similar solutions from one individual, or
single decision-maker, to consider the conflict between dif-
ferent interest groups, with particular preferences, ambitions,
knowledge, experiences, and criteria [27].

With this in mind, it is important that each decision-maker
state their criteria or the goals they are trying to reach through
the system. After, from those goals it would be important to
see if they match and if they can be obtained with the current
and future resources available, with a correct description of
the system and in a timely manner.

2.1.2 Munificence

Another variable to consider is munificence, which is defined
as the capacity to support sustained growth of an organiza-
tion [1,9,22] that can be separated in three kinds: capacity or
levels of resources available, growth/decline as the change in
capacity, and opportunity/threat as the extent of unexploited
capacity [7,21]. Observing these factors is important to avoid

scarcity of resources that might lead to commit illegal acts
or may lead to have negative effects on system performance.

2.1.3 Complexity

One last variable to consider is the system’s complexity [9],
which is how the system inputs interact and what output they
produce. This variable is of importance since knowing how
the system works can help predicting a possible outcome
and make a decision based on that. However, in many cases
it is impossible to know the input-output relationships espe-
cially considering that there might be many non-linearities
and hence the system might produce strange and counter-
intuitive behaviors [25].

Also, as the system complexity may not be fully under-
stood , it might lead to commonly cognitive simplifica-
tion (selective perception, heuristics and analogies) which
may affect strategic decision possibly shortening the list of
alternatives [22].

2.1.4 Feasibility and viability

After the variables have been observed it is required to eval-
uate some factors that would state if it is possible to obtain
the goals, and to see if the plan can be deployed. Einsen-
hardt [12] found that in order to make a successful decision
it is required to use more information, see more alternatives,
and use a great amount of consultation. Also, that to make a
proper decision, it is better to have a good level of compre-
hension on the process [45].

As previously stated, having multiple investors increases
the criteria to consider for decision-making, hence, it is
important to take special consideration in its feasibility and
viability, which include aspects like engineering, legality,
ethics, and, in specific cases, economic viability. These cri-
teria must be evaluated prior to the selection of a decision,
since omitting any of them may cause that selected objec-
tives may not to be reached. Under those circumstances it is
important to make a vigilant decision and use some criteria
that consider how the variables work. Janis [29] proposed
criteria for vigilant decision-making:

1. Thoroughly portrait the range of courses of action.
2. Survey full range of objectives and implications.
3. Carefully weigh costs, risks, and benefits of each alter-

native.
4. Intensively search new information for evaluating alter-

natives.
5. Correctly assimilate new information.
6. Re-examine positive and negative consequences of each

alternative.
7. Plan to include contingencies if various risks might arise.
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These criteria can be separated in three [28,57]: (1) the
reasons to select an action must be rational, meaning they
are unambiguous, understandable, debatable, coherent, and
agree with knowledge; (2) the reasons must withstand proper
research; and (3) they must consider future uncertainty
including contingency plans. Thus, it is essential that before
any decision is made all the alternatives and possible out-
comes had been properly researched and evaluated.

To make this decision, different types of analysis must
be made. For instance, Klein [33] and Goll et al[22] indicate
that in order tomake rational decisions a quantitative analysis
must bemade so that it can have a stricter analysis and conse-
quently bemore reliable. Another formwould be to check for
some cues of a cause-and-effect events connections, such as
similar behavior or direct relation between variables, spatial
or temporal closeness; and likeness in pattern [57].

2.2 Time

Planning is important when making decision that affect the
future [20] and affectmany areas of decisionmaking (someof
them are enumerated in [2] ). Mainly, this variable must con-
sider the time it takes to implement, time to finish a resource,
to generate an outcome, to evaluate its condition and time to
make a decision. Since in many situations choosing the best
strategy is irrelevant if it takes too long to formulate [13].

2.2.1 Key performance indicators

Key Performance Indicators, or KPI, are measurable values
that show how effectively a company is reaching its key
business goals. Companies use KPIs at different levels to
trace effectiveness and efficiency. KPIs are specificmeasures
that tell stakeholders whether the organization is attaining its
goals using its resources adequately [10]. Some examples of
KPIs are sales growth, return/loss, net profit, cost variance,
etc.

Rosenau [49] states how fundamental is to have systems
of KPIs which provide visibility of performance at differ-
ent organizational levels and how necessary it is to have
coherence between the different perspectives. Furthermore,
each KPI must be analyzed separately and then in related
groups [46] and most reflect the interests and perception of
performance from the different stakeholders [4]. This means
that the use of KPIs appears to be essential for a successful
decision-making [35].

Additionally, finding relationships between KPIs is likely
more profitable if they are projected toward strategic objec-
tives and some existing relationships are found between
objectives. Therefore, cause-effect relationships can bemade
clear and stakeholders would have extra information helpful
for decision-making [48].

2.3 Decision-making tools

As previously stated, decision-makers frequently use diag-
nostic systems in order to observe the cause-effect relation
and make a decision. Normally, the first approach is to use
quantitative analysis which implies using simulation models
for prediction. These models analyze historical information
with respect to a specific problem and give a numerical
value so that an appropriate decision can be made [6]. There
are mainly two types of simulation models: Deterministic
and Stochastic. Deterministic models have a direct effect
of input-output variables and always produce the same out-
put. Using this deterministic causality, a specific system is
analyzed to evaluate the effect of a decision on it [42]. On
the other hand, stochastic models use probability theory to
determine how likely a certain event will occur and use this
information for a better decision-making. It is important to
mention that statistical models do not indicate a direct course
of action, how an event unfolds will depend on the decision
maker and chance [6].

Albeit quantitative analysis is normally preferred, it can-
not always be created. Furthermore, in many cases, it lacks
information about qualitative factors and needs that are
guided by feelings and beliefs. There are alternative method-
ologies to predict the output of a system. The following
points address some of the main methodologies and tools
for decision-making:

2.3.1 Brainstorming

It is s an auxiliary technique in the decision-making pro-
cess, that is commonly used when the decision is made by
a large group of people. Each one of the of the members of
the decision makers group proposes an idea, which will gen-
erate multiple alternatives. Then, these ideas are passed to a
phase of analysis, discussion and selection of the best, after
being evaluated by the group, the most convincing is chosen
to solve the problem in question [23].

2.3.2 TILMAG

TheTILMAG technique (the transformation of ideal solution
elements in an association matrix by its German acronym),
was developed by Helmut Schlicksupp [53] and is a tech-
nique based on the association of “ideal” decisions that lead
to the best possible solution [23]. In general, the TILMAG
technique uses a matrix which uses ideas that are not related
and make associations that could create future improvement
by combining them.
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2.3.3 Devil’s defense technique

This technique is usually implemented where the decision is
made in a group manner to critically analyze a favored deci-
sion. In this technique, a member of the group is selected to
play the role of the “devil’s advocate”, who will be in charge
of identifying the disadvantages that a decision might have,
thereby achieving an awareness of the risks of the decision
[19,54].

2.3.4 Delfos technique

This is a specialized technique in decision-making where
a large number of people intervene, in which the problem,
objective or situation is first established, after, a group leader
elaborates a series of questions focused on reaching a deci-
sion. Later, each of those involved in the decision write their
answers to the questions, who, in conjunction with the group
leader, summarize the answers and sends the results with
new additional questions to the decision makers, who again
respond and the process is repeated until reaching a decision
convenient for the group [19].

2.3.5 Decision trees

This tool helps in the decision-making process by allowing to
chronologically represent the implications of a decision. This
tool favors to evaluate the future implications of making a
decision or others, its use is very common inmaking financial
or manufacturing decisions [47].

2.3.6 Ishikawa’s diagram

The Ishikawa diagram or fish bones is a tool used in decision-
making processes that recognize, through a brainstorming,
which are the possible causes of a particular problemor situa-
tion, bymeans of a graphical placement of the ideas collected
from the group ordered by theme. [15].

2.3.7 Cause-effect diagrams

The cause-effect diagram is a technique that allows to
graphically identify the causes or consequences of a given
phenomenon, as well as helping to establish relationships
between these phenomena [16].

2.3.8 Experience

Decision makers often use, in their decision-making pro-
cesses, the experience and knowledge they have acquired
throughout their professional career to evaluate and select
the best alternative.

Fig. 2 Realizable scenarios. Adapted from [20]

3 Decision-making facilitation

All these variables, models and techniques of evaluation
requires a place or room where they can be discussed.
The room must provide the affordance to simulate multi-
ple environments, aid in expressing the different ideas from
stakeholders and make a cost-benefit analysis work. Con-
sequently, this room may become a helpful instrument for
supporting decision-making.

Scenarios can be divided in following categories [20]:

– possible scenarios, all that can be imagined.
– realizable scenarios, all that can be accomplished with
the constraints.

– desirable scenarios, all scenarios that fall into possible,
and appeal to the actors, but that may not be realizable.

It is obvious the chosen scenario falls within the intersec-
tion of the desired and realizable scenario as shown in Fig. 2.
Hence, it is important to portrait different scenarios, analyze
them and choose the preferred one from that intersection.

In his work Sibbet [55] states that a visual decision room
should manage to place both the criteria and the options vis-
ible, that the habitat allows an easy way to move options
around to determine priorities using “what-if” thinking to
conceive multiple scenarios and visualize the impacts, and
finally, that it creates a place where a whole group of partic-
ipants can engage in sessions of decision-making sessions.

Sibbett [55] also states that a dedicated room for decision-
making must have three characteristics: (1) abundant space
for visualization, (2) excellent technical infrastructure, and
(3) facilitation staff. The first requires the use of space where
many visualization elements are present as well as a place
where various people can write something down.

The second is a place to display electronic information,
such as presentation, graphs and/or computerized drawings.
In here, it is essential that the graphic information is rel-
evant, suitable, and appealing, otherwise it might become
distracting and may take more cognitive processing time to
relate to them [3,37,39,56]. Moreover, it is important that
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the information is spaced and decomposed to facilitate its
understanding [37,56].

The third requires the facilitator to be able to work with
different kinds of technology for planning andmodel solving.
Also, it is important that the output graphs are presented by
the facilitator, since he or she would help using other chan-
nels to focus and remember what is important [34,55,56].
Furthermore, since much information is spaced and decom-
posed, it is necessary to have some delivery timing granting
the participants some processing time [37,56].

3.1 Decision-making room

In his work, Sibbett [55], compares a decision room to a play,
where diverse areas of the stage are used to interpret parts of
the play. For instance, on the left a narrator can be set, who
will be the starting focus of attention and gives the back-
ground to the play. Accordingly, the middle and right might
be used to present two different situations where the main
activity can be happening in the center and some secondary
scene or development could be placed on the right. Thus,
using smart design, stage and light, the public can perceive
an impression of location and space.

Using this idea, Sibbet [55] proposes to use the differ-
ent parts of the room for thinking and planning processes,
which might result in giving context and conceive new cir-
cumstances. With this in mind, one wall can be used for
background information, a secondwall could have the oppor-
tunities, and a third wall can have the purpose to contemplate
the future.Using this versatility and flexibility can help stake-
holders to make difficult decisions, like investing limited
funds in technologies, infrastructure, new products and to
cut costs [55].

Notably, a decision-making room, can use a similar
arrangement using one stage which provide managers with
a place to give a background and explain how the variables
are related on the left, and provide them with the main and
secondary possible outcomes in the center and the right part
of the stage correspondingly. Also, using a similar setting,
might provide a shared recollection of what has happened or
has been discussed, avoiding long debates over previous per-
ceptions which might grant the members a faster consensus.

3.2 Facilitator

A decision, to be sustainable, must reflect the needs of each
of the stakeholders, which are frequently different. The use
of a facilitator benefits in certain areas such as [32]:

– relate the main problems of the stakeholders.
– ease the communication
– keep track of the different opinions

– mediate between misunderstandings
– lead consensus to agree on a criterion

With respect to communication, the facilitator must be
a third actor with good communication and listening skills,
who can relate all the stakeholders, by encouraging them to
interact, making them feel secure so they can speak up [32].
According to Buttler et al. [5] the facilitator must take care
of the time, guide the process, and alter techniques, how-
ever, should not give his personal opinions, dominate or lead
the discussion. Similarly, Niederman [40] states that a good
facilitator has good communication skills, understands the
group, provides egoless facilitation, is flexible, understands
the group objectives, provides leadership and is focused on
the task at hand.

Another important factor of the facilitator is to ensure that
technology is available to group members so they can con-
centrate on the group’s task contents [24]. In this case the
facilitator must be familiar with the use of the technology
implemented, create comfort and help on the understanding
of the technology outputs, while understanding its capabil-
ities, according to Clawson et al. [8]. Therefore, the main
purpose is to make the implemented technology accessible
to the decision makers and to facilitate its understanding.

A final characteristic relevant of the facilitator is to be
an authority (or power) figure, which could be either legiti-
mate, expert or status [24]. In the first case, the facilitator’s
legitimate authority is explained as the capability to reward
or punish, whence, the facilitator has the right to structure
the group’s work. In this case legitimate authority grants the
facilitator control on how things happen, by directing how
group members interact, administrating the meeting sched-
ule, and selecting the techniques that are used.

Similarly, expert authority occurs when one member has
knowledge that others do not possess [24]. Group members
give experts authority since they are expected to know best,
and not following their expertise might result in negative
consequences.

Lastly, the final form of authority is status which might
be a side effect of legitimate or expertise power, or tenure
within the organization. Status adds reliability to the facili-
tator opinion, hence, giving power even in areas where the
facilitator is not an expert [24].

3.3 The use of storytelling for the decision-making
room

One common method for decision making is constructing
stories [30], made of scenarios which form relationships of
past, present and future events.CambridgeDictionary defines
scenario as a description of possible events in the future or
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in business as one of several possible situations that could
exist in the future [52]. In decision-making, scenarios are sto-
ries that describe future events that occur due to cause-effect
relationships [31]. The use of scenarios is highly beneficial
to asses long-term outcomes, for example predicting what
would be the change of gas price using the information about
how much the stakeholders would invest, the feasibility and
viability of new plants, the velocity of a plant to be con-
structed, the complexity of relationships (i.e. energetic and
industry consumption), and the munificence of being able to
extract this product (old and new deposits).

Scenarios utilize forecasting as an organizational manual
for decision-making [11]. For example, a lack of rain is fore-
cast for next year and the government reduces the supply
of water to ration. These scenarios require to have a cause-
effect story that forecast the outcomes of different iterations.
Kant [31] describes a scenario as something that suggests a
possible future, froma single selection of cause-effect actions
and events, that are limited and evaluated depending on prob-
ability.

According to Jonassen [30] a scenario must be built based
on identifying themost important external factors and level of
uncertainty. This should be followedby constructingmultiple
stories that produce causally related outcomes, while iden-
tifying possible interfering events probability and impacts.
Also, by determining how each different story may influence
strategic planning and decision making within the organiza-
tion.

Hence, scenarios can be used to argue or evaluate a deci-
sion based on feasibility and viability. Jonassen [30] provides
some guides on how to evaluate the creation of scenarios:

– All factors, states, conditions and interconnections are
identified with their assumptions supported by evidence.

– All predictions are based on the factors states and condi-
tions and they are plausible.

– Intermediate events, actions, and consequences plausi-
ble.

– Interfering events, probabilities and impacts plausible.

In some way these guides states that it is necessary to be
able to correctly predict what is going to happen, which is not
an easy task. Hence it many cases it would be important to
be able to simulate different scenarios to have a better view
of plausible consequences, events, and impacts.

4 Proposed room

To sum up, some of the aspects required in the decision-
making are as follows.

Fig. 3 Decision-making model

– involve stakeholders
– considers the munificence and complexity of the systems
– carefully examine feasibility and viability
– make use of decision-making tools
– uses the room areas to facilitate
– make use of technical infrastructure
– the session is guided by a facilitator which has a form of
authority

– uses storytelling with scenarios for forecasting

Hence, the model in Fig. 1 can be elaborated and some
steps can be included. The model and extra steps are
explained as follows.

4.1 Proposedmodel

The main idea is the use of different scenarios established by
various initial conditions selected by the stakeholders. With
this information a simulation runs, providing the results to
evaluate if the KPIs obtained are the basis for consensus.
After several scenarios are portrayed a consensus can be
made and an alternative can be selected. This is represented
in Fig. 3.

Before elaborating on each of the steps it is important to
realize, that there are two types of variables: endogenous and
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exogenous. The endogenous are intrinsic to the system, thus,
they must be previously investigated and established (e.g.
limits of resources, production capability, energy available).
These variables are normally set before hand by the facilita-
tor. On the other hand, the exogenous variables are the ones
that would change each scenario. Notably, both variables can
be modified to simulate different scenarios. For example, an
exogenous variable in the electrical model is the peso-dollar
parity, since it does not depend on the model, this variable
can vary to represent different economic scenarios. On the
other hand, the electricity production capacity is a variable of
the model, it is endogenous, and it can also be considered as
input, since we could assume several production scenarios.
For this reason, they require to be analyzed before and after
each scenario.

Problem statement
This is a previous step before the whole process of

decision-making starts. This step is critical, since the problem
is properly elaborated, further investigated and the evaluation
KPIs are selected. After, the facilitator must create a model
using all the researched information which will become the
base for all scenarios.

Alternative definition
Foremost, after the problem has been established, it is

important to have a clear idea of what is happening and what
variables to use. In this step, the facilitator must explain what
is going to happen and with the help of the stakeholders
elaborate an alternative. At this point the facilitator can use
experience to set historical scenarios as first runs (business
as usual) to give context and make the stakeholders aware
of the capability of the model. Later, for forecasting, some
techniques as Delphi, Brainstorming or other can be imple-
mented to select the settings that would be inserted into the
simulation.

Simulation
Once the configuration has been selected the input vari-

ables are adjusted accordingly and filled in the model. In this
step, using the stage analogy, the left part of the stage can be
used to give background to the play. Comparatively, in the
decision-making room the left can be used to insert the initial
values as framework for the scenario.

After the model has been executed it will produce several
outputs and some of them will not be useful raw. Therefore,
they must be prepared for further inspection.

Scheme visualization
In this step the most relevant variables had to be presented

by means of tables and graphs. For presentation, they are to
be further divided intomultiple displays using different levels
of importance. Following the stage analogy, the most impor-

tant outputs can be presented in the middle, while secondary
outputs (or secondary plots) can be shown on the right.

KPIs evaluation
Then, to further elaborate on the analysis the various KPIs

can be evaluated and examined using decision-making tools
provided by the facilitator. In this step, the facilitator again
can use decision-making techniques that would further elab-
orate on the analysis. For instance, the facilitator can play
the role of the devil’s advocate of one of the KPIs helping
the stakeholders see its benefits. Or they can observe how the
KPIs are related so, in a different run, another scenario can
be selected.

Consensus
Subsequently a decision can be made if the alternative is

the one that is desired. A key point here would be to return
to alternative definition to start various scenarios and the one
with must compelling evidence (satisfies the KPIs better) is
selected.

Alternative selection
The final step would be selecting an alternative for imple-

mentation. In this step the facilitator requires to document
the whole process and final decision for future reference.

Thismodel requires that the different actors (stakeholders,
facilitator, simulation model and stage) intervene. Figure 4
provides with a road map of the intervention of the main
concern elements of the decision-making process. This figure
is included to give context on the different components and
what are their tasks at different moments of the decision-
making process.

4.2 Proposed room specifications

As a proposal, using the analogy of a stage, the room for
decision-making will use a wall as the main stage. On this
wall, future representations of different scenarios can be pro-
jected using a computer and multiple displays. This main
stage can be divided in three, with the left as the area to give
context (set input variables to the model), the middle as cen-
tral stage to give the main possible outcomes of the decision,
and the right for other possible outcomes of the decision.

Notably, the proposal has multiple displays, there are
mainly two reasons behind this decision: First, although a
single screen can be used, the size would make the price
to be high and could not be easily adjusted. And second,
the use of multiple monitors help to separate the stage
into sections which can show different aspects required for
decision-making and can be setup according to the number
of stakeholders present in the meeting.
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Fig. 4 Decision-making road map

Continuing with the analogy, it is worth noticing that the
main stage can be divided in any odd number of displays
to have a left area to give context, a central area for the
main focus, and right area for other possible situation or out-
comes (see Fig. 5 left).

While adding more screens might be increase the visu-
alization space of the center area, it also reduces the lateral
stages (Fig. 5 center). A good comprise of these features
can be achieved with seven or more displays (Fig. 5 right),
where the central area is increased, while the other two are
just slightly reduced.

Using this configuration, there could be two input screens,
three main output and two auxiliary output screens. What
this configuration also provides is the possibility of having
three input screens, two main output screens and two auxil-
iary screens and yet, the main screen or focus would not be
lost (see Fig. 6).

Another recommendation is that the chairs and tables are
not fixed and can be moved around. Using moving chairs and
tables would be helpful for different aspects of the decision-
making process. For instance, a herringbone configuration
can be used for the story telling, while a horseshoe or round
configuration can be helpful for alternative definition of
KPIs evaluation, using any decision-making technique (See
Fig. 7).

4.3 Proposed facilitator specifications

In the proposal, it is recommended that instead of having just
one facilitationmember it would be important to have a facil-
itation staff. This suggestion is based on the fact that most
socio-technological systems have complex relationships that
require vast knowledge on the subject to be discussed. Fur-
ther, the technological implementation to intertwine all the
variables for the simulation would be complex and would
require that the proposed room has several technological
components and requires to have programming experience to
create a good simulation. Furthermore, the facilitator must
mediate all the participants using several decision-making
techniques while keeping record of the meeting. Therefore,
having just one facilitationmember would be overwhelming.

As an alternative, a staff can deal separating the main
task and assisting the main facilitator for the process. One
part of the staff would take care of the room, assisting with
technology (screens, audio, video, lights, etc.), space (such
as chair orientation), keeping record of the meeting and most
importantly, take care of managing the simulation execution
that would forecast different scenarios.

Consequently, the main facilitator can take care of leading
the meeting and facilitating the understanding of scenarios
and techniques. Markedly, this is not a simple task, since
it is still important that the main facilitator is a power fig-
ure (legitimate, expert or status) has knowledge on how the
technology, main stage and room are used for configuring
a scenario and make simple modification. And finally, has
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Fig. 5 Decision-making main
stage

Fig. 6 Storytelling

Fig. 7 Decision-making tables

knowledge of decision-making techniques that work well
with scenarios and can create a proper environment for them
to work correctly.

5 Conclusions and future work

Most socio-technological problems are complex and diffi-
cult to understand in full. Currently, decision-makers must
deal with many variables as part of their endeavors. Assess-
ing the evolution of socio-technological problems in all their
conditions, helps as a guide for decision-makers to choose
their approach to solve them. However, in many cases the
evaluation of these conditions is characterized by a complex
interaction between the stakeholders, the system’s variables
and their interrelations.

The use of scenarios offers an alternative to have a pic-
ture of present and future events. Using them correctly may
improve understanding and anticipation of the future and
might be helpful for groups to start moving into a certain
direction. Furthermore, the adoption of computational tech-
nologies in the decision-making processes makes it possible
to streamline decision-making sessions by analyzing a large
amount of information in real-time.

Consequently, the proposal includes a room, which inte-
grates the different variables, their interrelation and evalua-
tion. It also uses technology and scenarios as tools to help
on the decision-making process. By making use of diverse
techniques a simulation can be started, and with its predicted
information a more elaborated decision can be made. This
process can be repeated to form several different scenarios
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that would increase the knowledge and make a likely better
decision.

Moreover, the use of a facilitator staff can help ease the
decision-making process avoiding that the stakeholders are
swamped in a mass of irrelevant details and information.
And by correctly using the technology, they can display
information according to the decision-makers’ interests and
preferences.

The decision-making room was designed to promote the
interaction among the diverse subjects that make up a spe-
cific complex socio-technological system to solve problems
associated with them through a decision-making process in
conjunction with mathematical models that, through of com-
puter systems for visualization, allow to show the impact of
decisions over time.

The room’s limits still required to be addressed, hence,
it is important that future research conduct experiments on
how helpful it really is. For instance, involvement of an
expert in decision-making information visualization to opti-
mize the display of graphics and settings. Also, it requires to
use conducting focus groups to aid in the understanding of
how different visual environments improve understanding,
responses and facilitate the decision-making for the partici-
pants.

All in all, it is believed that the room provides stake-
holders with a tool beneficial to the whole process of
decision-making, nevertheless, the proposal only gives rec-
ommendations which are expected to be used and adjusted
according to the necessities of the stakeholders and facilita-
tion staff.

Finally, the room could be employed for interactive learn-
ing since it has the potential to engage and draw the attention
of learners [18,26]. Also, using the multiple screens, some
students will learn better and faster with the help of inter-
active media that incorporates images, graphics, videos and
audio elements [51,58].
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