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Abstract. Inclusive interactive simulations are boundary objects that make it 
possible for engineering know-how to be placed directly into the hands of non-
technical stakeholders.  However, interactive simulations are also complex 
technologies that are difficult to implement on a bespoke basis. In order to make 
deployment of interactive simulations more feasible for engineers, especially those 
without prior background in user interface design, we created a generic, open-source 
simulation user interface (OpenSUI) with an associated communication schema. 
OpenSUI is agnostic to domains, and can communicate with any computational 
simulation that follows its schema. To demonstrate, we convert an existing 
computational simulation for real estate, FuzzyIO, into an inclusive interactive 
simulation using OpenSUI. We then review preliminary, qualitative feedback from 
non-technical users and discuss our intent for further validation through 
experimentation at scale.  
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Introduction 

Systems engineers increasingly develop sophisticated, domain-specific computational 
simulators to design and evaluate solution candidates in transdisciplinary, multi-
stakeholder systems design contexts. In multidisciplinary settings, however, 
computational simulators themselves are not necessarily ideal boundary objects for 
collaborating with non-technical stakeholders; Rather, such simulations are often 
operated exclusively by engineer stakeholders who are well-versed in computer 
programming. As such, non-technical stakeholders might only experience the echo of a 
simulator via a curated set of solution candidates, thus precluding the possibility of useful 
and direct feedback with the simulator itself. This is especially worrying in instances 
where non-technical stakeholders are the key decision-makers for a specific engineering 
problem, as solution candidates ultimately being presented to them may not be optimized 
to incorporate their complete knowledge or understanding of the problem.  

Inclusive interactive simulation makes it possible for computerized engineering 
know-how to be placed directly into the hands of non-technical stakeholders, improving 
the effectiveness of simulations as boundary objects in transdisciplinary design. We 
observe myriad instances where highly skilled systems engineers have developed such 
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interactive simulators. However, these cases are often bespoke, and appear to only be 
possible in unlikely instances where engineers have confluent skills in computer science, 
user interface design, and of course any requisite knowledge of the engineering domain 
at hand. If the process of creating interactive simulators were not so dependent on such 
an unlikely confluence of skills, we might reasonably expect to see wider usage of 
interactive simulation in transdisciplinary engineering projects. 

In prior work, we specified the features for a generic user interface that, if 
implemented, would make it easier for an engineer to deploy a simulator as an interactive 
simulation, even if the engineer has no background in user interface design [1]. This 
would be done by having the engineer configure their simulator to conduct two-way 
communication with a generic user interface via standardized communication protocol, 
so that a non-technical stakeholder can adjust several variable parameters made available 
to them. This prior work serves as the basis for building the Open Simulation User 
Interface (OpenSUI) which we present and discuss in this paper. 

Our work is relevant in the context of a Systems Decision Process (SDP), defined as 
a “collaborative, iterative, and valued-based decision process” by Parnell et al [2]. SDP 
contextualizes systems as having circular lifecycles that oscillate between problem 
definition, solution design, decision making, and solution implementation (Figure 1). 
During SDP, boundary objects are commonly used artifacts for standardizing ideas and 
discussion between stakeholders. For this purpose, each step in SDP often utilizes unique 
boundary objects [3].  
 

 
 

Figure 1. These are the core components of a Systems Decision Process (SDP) illustrated by using an object-
processing methodology (OPM). Note the circular feedback loop between 4 key processes (problem 

definition, solution design, decision making, and solution implementation) and their products. Also note the 
involvement of a system’s stakeholders at all stages of the process. 

 
In a further narrowing of scope, we are interested in specific instances of SDP that 

involve the use of computational simulation as a boundary object to facilitate the 
processes of solution design and decision making. We define a computational simulator 
as any set of variable and fixed parameters, relationships, and algorithms that allows one 
to model, configure, and evaluate hypothetical system states. In such cases, simulators 
are boundary objects between two major stakeholder groups: technical systems engineers 
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and non-technical decision makers. These largely mirror the bifurcated roles of “systems 
experts” and “decision making experts” proposed by Mieg [4]. In this case, engineers are 
primarily responsible for the development of relevantly parameterized and accurate 
system simulators, while decision makers must evaluate and choose between several 
candidate solutions generated with the assistance of such simulators. 

The most basic example of computational simulation in SDP depends upon the 
technical skills of an engineer to act as both builder and operator of a simulator in order 
to generate candidate solutions for a decision making process (Figure 2). In this case, 
“non-interactive” means that it is not feasible for a non-technical decision maker to 
operate a simulator themselves. A key limitation of non-interactive simulation is that it 
can isolate a decision maker from the solution design process, which can make it less 
effective as a boundary object. Ideally, a decision maker is involved at all stages of SDP, 
including the solution design phase. Hypothetically, simulations as boundary objects can 
be improved by allowing decision makers to interact with them directly (Figure 3). 

 

 
 

Figure 2. These are the components of a Systems Decision Process (SDP) adjusted to incorporate non-
interactive computational simulation. In non-interactive simulation, decision makers are not directly part of 
the solution design process. Instead, they must work through engineers to generate solution candidates. As 
this process involves multiple steps, it is inefficient at best, or vulnerable to miscommunication at worst. 

Note that the SDP process of “solution implementation” is out of scope and therefore excluded. 

 
 

 
Figure 3. These are the components of a Systems Decision Process (SDP) adjusted to incorporate inclusive 

interactive simulation as the boundary object between engineer and decision maker. By adding a friendly user 
interface to the simulator, the engineer is no longer required to mediate the process of solution design. In this 

model, processes of solution design and decision making are now directly accessible to decision makers.  
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The fundamental goal of interactive simulation is to make computational simulators 
inclusive for non-technical stakeholders (i.e., decision makers) via friendly user 
interfaces (Figure 4). However, an interactive simulation may be challenging for an 
engineer to implement, since it can require concurrent skills in user interface and 
experience design, not to mention the requisite domain expertise for the system at hand. 
Due to this barrier, engineers in our laboratory often make do with non-interactive 
simulations, even if they would prefer to deploy their work as an interactive simulation. 
While we do observe some bespoke instances of interactive simulation [5,6,7,8,9,10,11], 
or large suites of software dedicated to particular domains or simulation types 
[12,13,14,16,17], we generally witness those engineers building smaller, specialized 
simulators struggle at user interface implementation.  
 

 
Figure 4. A group of people role play as decision makers use a bespoke interactive simulation to configure a 

hypothetical campus during an academic workshop [10]. 

 
In recent prior work, we identified the potential of a generically designed user 

interface that might significantly reduce the burden to engineers who wish to develop 
interactive simulations [1]. We speculated that if an engineer configured their simulator 
to communicate with a generic user interface, the user interface could automatically 
adapt to reflect the input and output states of their simulator (Figure 5). By sampling a 
collection of existing, bespoke interactive simulations over a range of domains (e.g., 
maritime shipping, city planning, manufacturing, and transportation), we identified key 
features (i.e., “user stories”) that a generic user interface should incorporate to be broadly 
relevant to engineers and decision makers. For example, these features included 
requirements for a series of generic inputs and outputs, visualization of model state, 
saving and recalling of solutions, an application programming interface, and easy 
distribution to end users. 
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Figure 5. In prior work, we specified the high-level communication protocol between a simulator and a 
generic user interface. Note that “bespoke model” is synonymous with “simulator” in this context [1]. 

1. Objective 

Our core objective is to implement and demonstrate the feasibility of a completely 
generic, open-source simulation user interface (OpenSUI) that meets the features 
established in our prior specification. For the purpose of demonstration, the interface 
must also be connected to an existing system simulator. The variable parameters of the 
user interface shall be completely reflective of the simulator. No content specific to a 
simulator shall be hard coded into the interface’s logic, as all such information should be 
communicated to the interface via the simulator, on demand. A user with no prior 
experience using the interface must be able to perform unassisted interactive simulation 
over a structured period of time without significant issue.  

During this process, we will also edit and refine features of the generic simulation 
user interface. These edits will be informed by feedback from preliminary users. We will 
also discuss the intentions and strategy for further experimentation, at scale, to test the 
efficacy of the interface in the context of Systems Decisions Processes. 

2. Method 

While our prior work defines the high-level feature requirements for an open-source 
simulation user interface, this same prior work did not define the specifics of a technical 
implementation. Therefore, technical choices such as software architecture and platform 
were made based on how well they enabled the pursuit of certain core feature 
requirements (Table 1). For instance, in the category of deployability, a non-technical 
decision maker must be able to easily access the software with minimal effort. Therefore, 
our implementation is a browser-based web application that requires little or no set up 
for a typical personal computer. Our implementation assumes that global circumstances 
(e.g., Covid-19) have rendered in-person workshops infeasible for the foreseeable future, 
as well, further compounding the need for a user interface that is easy to distribute over 
the web.  
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Table 1. These are selected core features (e.g., “user stories”) to implement as defined by prior work [1]. 
Note that certain features, not yet deemed necessary for minimum viability, are unlisted.   

Feature Category User Story 

Logical and Quantitative Decision 
Making 

 

A decision maker can configure one or more decisions (i.e., 
variable parameters) related to the specification of a solution using 
intuitive means such as toggles, radio buttons, and sliders. A set of 
decisions constitutes a solution.  

An engineer can specify the scope and nature of decisions (i.e., 
variable parameters) available in the user interface.  

An engineer ‘s simulation can receive decisions (i.e., variable 
parameters) from the user interface formatted as a series of 
booleans, integers, or floating-point numbers.  

Geographic Decision Making  

 

A decision maker can specify geo-located points and polygons 
via a map or abstract surface.  

An engineer can specify the extent and nature of geo-located 
decisions available in the user interface. 

An engineer ‘s simulation can receive geo-located inputs as a 
series of coordinates from the interface. 

Model State Diagram A decision maker can view an abstraction of a model state as a 
2D or 3D diagram of its state. 

An engineer can specify the content of model’s state, which is 
then automatically rendered as a 2D or 3D diagram by the 
interface. 

Save, Recall, and Viewing of 
Solution Iterations 

A decision maker may save, preview, and recall any number of 
solution configurations from memory. Multiple solutions are 
automatically organized as a tree of iterations that reveal the 
evolution of a user’s decisions over time. 

Deployability A decision maker can easily access a pre-configured interface 
(e.g., via secure web application) 

An engineer can easily generate and share their computational 
simulation to decision makers as an interactive simulation. 

Adoptability An engineer can easily understand the application programming 
interface (API) for the generic simulation user interface 

 
2.1 FuzzyIO 
 
We chose an actively utilized real estate simulator called “FuzzyIO” to be the initial 
engine with which the interface will be coupled. FuzzyIO is a Java library that converts 
several variable parameters, such as polygons and floor heights, into fuzzy masses for 
estimating total built area of a real estate development (Figure 6). It is currently used for 
research and education in real estate, but not in practice [10]. We believe FuzzyIO is a 
good initial use case because (1) it has a wide range of known variable and fixed 
parameters, (2) it has an open-source code base that we have permission to modify, and 
(3) it would be a great demonstration of OpenSUI’s potential to make simulators more 
inclusive. Though we will make no change to the underlying logic of FuzzyIO, we do 
suspect that some modifications will be made to allow for hypertext transfer protocol 
(HTTP) communication. By checking that the interface successfully links with a relevant, 
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working simulation, it grounds our initial demonstration to reality and provides a clear 
finish line for development. 
 

 
 

Figure 6. This visualization was produced by a technically capable engineer, manually configuring 
FuzzyIO’s variable parameters without the aid of a user interface. It is unlikely that a non-technical decision 

maker could use FuzzyIO libraries in this way. 

 
2.2 Software Architecture 
 
The components necessary to make this system work are presented in Figure 7. Since 
our goal is for the user interface to work readily with simulators from any domain, not 
only FuzzyIO, it is essential that all of the logic of the interface is completely generic. 
This means that any domain-specific content or algorithms must remain solely with the 
simulator, not the interface. This is accomplished by creating a standard data schema for 
communicating simulation inputs and outputs via HTTP. Whenever a user begins a 
session, the interface makes a request to a specified simulation server. The server 
responds by sending an initialization file, which is essentially a template for a default set 
of simulation configurations. The user is then able to simulate solutions by modifying 
and submitting the default configuration template. 
 

 
Figure 7. The software architecture for an interactive simulator using OpenSUI involves communication 

with a separate simulation server that adheres to OpenSUI’s generalized communication protocol. Note that 
solution candidates may be saved or loaded via the OpenSUI interface, but it is the responsibility of the 

simulator to handle the persistent storage and retrieval of such scenarios and their associated users. 
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2.3 User Feedback Session 

Upon completion, a small number of non-technical users without prior exposure to the 
tool are asked to complete a 30-minute structured exercise using the interface to generate 
multiple candidate solutions for a hypothetical real estate development in Boston. Some 
users are proficient in real estate, while others are not. At the end of the exercise, users 
are asked to select only one of their candidate solutions for execution. They are also 
asked to qualitatively express confidence in their decision. 

3. Results 

The idea of the Open Simulation User Interface (OpenSUI) was successfully reduced to 
practice as a browser-based webtool accessible over the internet. Furthermore, FuzzyIO 
was successfully adapted to serve HTTP requests and responses formatted according the 
OpenSUI’s standard communication protocol. The entire system is deployed using low-
cost web infrastructure services provided by Github and Amazon. When a user enters 
OpenSUI for the first time, they are prompted to enter the web address for a separate 
simulation server. This is because OpenSUI itself contains no specific content; it must 
work in tandem with a simulator to know the extent and bounds of variable parameters 
that the simulation designer has made accessible to the user. 

Several non-technical users were able to view and generate solution candidates for 
a hypothetical real estate development in Boston (Figure ). Users were also allowed to 
view and edit pre-loaded candidate solutions configured in advance. Though not yet 
conclusive, feedback suggests that users with an existing background in real estate may 
be more likely to select a self-generated solution over the pre-loaded solutions. 
 

 
 

Figure 8. Screenshot of OpenSUI being used to view and configure FuzzyIO simulation in browser. 

8
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4. Discussion and Future Work 

Building a truly generic simulation user interface was a challenging technical endeavor. 
It is no wonder that most interactive simulations are bespoke, given how difficult it is to 
identify and codify generalized rules for simulation systems. For example, FuzzyIO’s 
variable parameters are structured yet unbounded. While it is relatively easy to codify 
individual settings (such as a slider to represent the number of floors in a building, or a 
dropdown menu to represent land use), the amount and variation of these settings in 
aggregate was potentially infinite. For instance, a user could make as many buildings as 
they wanted, all with their own unique settings. We believe we found an elegant solution 
to this problem by structuring configuration settings into groups, some of which are 
extendable and some of which are not. This allows a simulator to specify a default 
configuration tree that the interface can understand to be potentially infinite, even if it is 
not practically infinite.  

There are still a few more features we hope to implement as time goes on. For 
instance, introducing more sophisticated UI for multi-objective decision making 
(MODM) is a priority, as specified in our prior work [1].  

While we are indeed satisfied with the technical feat of building a tool like OpenSUI, 
the true impact of this work will be in the future research it enables. For instance, the 
preliminary feedback sessions led to important questions related to the effect of making 
pre-loaded solution candidates available to decision makers. Pre-loaded solutions may 
help kickstart solution design and improve quality of candidates. On the other hand, pre-
loaded solutions could arguably have the opposite affect by reducing non-technical 
stakeholders’ confidence in their own designs. We simply must do more tests at scale to 
find out.  

Now that this work has reached an important milestone, we are confident that we 
can increase the quality and pace of workshops to gather data to test such hypotheses. 
This is because we specifically designed OpenSUI to run continuously via a web browser, 
allowing asynchronous usage with no practical limit to the number of users it can handle. 
While we suspect the primary indicators of any study will relate to the quantity and 
quality of candidate solutions for any given use session, OpenSUI also allows us to 
consensually gather a rich set of digital footprints associated with moment-by-moment 
user activity. 

5. Conclusion 

 
Our work suggests that implementing a completely generic, open-source simulation 
user interface (OpenSUI) is demonstrably feasible. We hope this work is an important 
step toward generic, inclusive interactive simulation techniques for transdisciplinary 
engineers. Though there is much work to be done to demonstrate its efficacy through 
workshops and experiments, this work sets the foundation for deploying requisite 
experiments at scale. In the meantime, we encourage any transdisciplinary engineers to 
reach out to us if they would like to try using OpenSUI with their own simulator. 
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