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Abstract. We seek to accelerate the adoption of multi-objective decision making
(MODM) methods within transdisciplinary engineering. To this end, we specify a
generic user interface that makes computational systems models more accessible to
non-technical decision makers. The collection of user stories presented in this paper
allude to minimum viable features to include in the future development and testing
of a generic user interface for multi-objective decision making.
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Introduction

Research engineers (i.e. model developers) who create high quality computational
models for multi-objective decision making (MODM) rarely have time nor resources to
consider the design of thoughtful user interfaces to go along with them. This is especially
painful for decision-makers who might benefit most from such computational models.
To help bridge the gap between decision makers and model developers, we specify the
design of a generic user interface that allows decision makers to more easily configure
and evaluate engineering solutions using computational models. We present the design
of this interface via a set of user stories that are compatible with agile software
development techniques, as we intend to expedite future software development based on
our findings.

Multiple Objectives in Transdisciplinary Engineering

Transdisciplinary projects are implicitly complex endeavors, if only due to the diversity
of stakeholders that they necessitate. Each stakeholder in a transdisciplinary engineering
endeavor indeed brings one or more unique perspectives from which they may judge an
outcome’s success. It is common to describe judgements with an objective function that
dispassionately reduces some aspect of an outcome’s performance to a single number.
For instance, an environmental engineer might judge an outcome by its total carbon
footprint, while a financial manager might judge the same outcome by its cost [1].
Therefore, we might expect that most transdiciplinary endeavors are especially burdened
by multiple objective functions.
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Multi-Objective Decision Making

Multi-objective decision making (MODM) is the science of picking one or more
engineering solutions that satisfy two or more objective functions. A valid solution is
described as “non-dominated” when there exists no solution that performs better in all
objectives [2]. The sum of such solutions is described as the “solution space,” or the set
of all solutions that one might argue are acceptable given known alternatives. A common
phenomenon in MODM, however, is that the number of non-dominated solutions can
increase dramatically as one incorporates more objectives into the process of decision
making. Without other methods to narrow down the solution space, this can lead to
decision paralysis [3]. Therefore, we believe that the narrowing of solutions, while
considering multiple objectives, is a principal pain point in the realm of transdiciplinary
engineering.

Decision Support Systems

A decision support system (DSS) is a computerized interactive system that utilizes data
and models to support a decision maker (DM) [4, 5]. As such, the typical components of
a DSS include a (1) database, (2) model, (3) user interface, and (4) decision maker. In
their comprehensive survey of DSS applications, Eom identifies an ongoing yet urgent
need to bridge the gap between practitioners and DSS researchers. Despite much progress
discovering the general components of DSS, they argue, there is not enough focus given
to generic methods and techniques that would give practitioners better access to DSS in
a number of underdeveloped subspecialties.

DSS and MODM Integration

Integrating methods of MODM with DSS is not terribly new. In fact, Razmak and Aouni
published a study of multi-criteria decision support systems (MCDSS), observing dozens
of use cases across multiple fields [6]. Weistroffer et al observed, however, that the vast
majority of software in this subfield is “quasi-experimental, developed by academic
researchers to test specific algorithms or to solve a specific problem on an ad hoc basis”
[2]. While there are some examples of generic MCDSS, such as the OMOptim tool in
OpenModelica, we believe that much work can be done to create generic MCDSS that is
sufficiently user-friendly to be readily adopted by contemporary non-technical decision
makers [7].

Decision Makers and Model Developers

Prior research by Mieg clarifies the bifurcated roles of “system experts” (i.e. model
developers) and “decision making experts” in transdicsiplinary engineering. While
Harald identifies a need for decision makers to “professionalize themselves” so that they
can more adeptly consider multiple systems domains, the research declines to offer
concrete means of such professionalization [8]. As such, we believe that a thoughtfully
designed generic user interface for MCDCC will help decision makers participate more
“professionally” by allowing them to interface more smoothly with one or more systems
models in any given transdiciplinary engineering problem.
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Though the primary benefactor of our proposed generic user interface would be
quintessential decision makers (e.g. non-technical executives), we must also consider the
needs of model developers (e.g. engineers). For instance, imagine a logistics team and a
financial analysis team are developing a multi-criteria computational model to help an
adjacent executive team make a difficult decision about how to deploy a logistic network
for their company (Figure 1) [9].
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Figure 1. This diagrams shows the interactions between users and different DSS components.

In this case, the executive team are the (a) decision makers, while the logistics team
and financial team working together are the (b) model developers. Model developers
have proficiency in both their domain of expertise (e.g. logistics and finance) as well as
computation. In practice, however, small teams of model developers are usually not well-
versed in the nuances of user interface design. Therefore, we would like to specify a
generic user interface to bridge this gap. Such an interface connects directly to a multi-
objective systems model encoded by systems engineer(s) with specialized knowledge.

1. Objective

We seek to accelerate the adoption of multi-objective decision making methods for
transdisciplinary engineering by specifying a generic user interface that makes
computational systems models more accessible to decision makers. Our principal
objective in this paper is to specify key features and capabilities of a generic user
interface that might make it easier for researchers to effectively deploy multi-objective
decision models to decision makers.

2. Method

We present our generic interface design as a set of user stories, a term borrowed from
agile software development. A user story is an informal description of a feature from the
point of view of the eventual user of a software system [10]. By adopting the language
of user stories, we hope to expedite the development of future software that incorporates
our findings.
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We identify key user stories for a generic MCDSS for decision makers via
qualitative analysis of patterns observed across a set of already-completed bespoke user
interface case studies. The case study set includes pieces of bespoke MCDSS software
developed during the course of the author’s prior research. While we considered case
studies outside of our own research, this proved difficult for two reasons. Firstly, the vast
majority of user interfaces developed for MODM seem to be meant for model developers,
rather than decision makers. OpenModelica, for instance, may practically be used by a
model developer to generate a report for the benefit of decision makers, but is not meant
to be used in the board room, per se. Secondly, despite incidents of bespoke MCDSS
software in literature, documentation of user experience is lacking.

We expect to be among the first users of this new tool, so operationalizing features
that we have consistently implemented across multiple projects and domains should also
expedite future research within our laboratory. We hope, however, that our conclusions
will be applicable to other researchers who desire a standard user interface for their own
multi-criteria decision models.
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Figure 2. Case studies of bespoke multi-criteria decision support systems built by the author. They include
(A) maritime shipping simulation, (B) tangible interactive urban planning, (C) pharmaceutical manufacturing
simulation, (D) campus design, (E) autonomous vehicle impact analysis, and (F) real estate financing.
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3. Results

3.1. Case Studies

Our set of MCDSS case studies includes examples from the following domains: maritime
shipping [11, 12], urban master planning [13, 14], pharmaceutical manufacturing,
campus design [15], autonomous vehicle impact analysis [16], and real estate investment
financing (Figure 2).

3.2. User Stories

We summarize our results as user stories within ten broad categories of user experience.
In brackets, we identify which of our six case studies {A, B, C, D, E, or F} inspired each
category. For each story, we distinguish decision makers and model developers.

3.2.1. Logical and Quantitative Decision Making {A, B, C, D, F}

1.

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

A model developer can specify the nature of decisions available in the user
interface.

A model developer’s model can receive decisions from the user interface
formatted as a series of booleans, integers, or floating point numbers.

3.2.2. Geographic Decision Making {B, F}

1.

2.

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

A model developer can specify the extent and nature of geo-located decisions
available in the user interface.

A model developer can receive geo-located inputs as a series of coordinates
from the interface.

3.2.3. Adjusting for Uncertainty {E, F}

1.

2.

A decision maker can adjust assumptions inherent to the model, including
probabilistic distributions. Assumptions are clearly distinct from decisions.

A model developer can make certain data and assumptions in the model
changeable via the user interface.

A model developer’s model can receive updates to assumptions, including any
probabilistic uncertainty.

3.2.4. Model State Diagram {4, B, C, D, E, F}

1.

2.

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

A model developer can specify the content of model’s state, which is then
automatically rendered as a 2D or 3D diagram by the interface
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3.2.5. Save, Recall, and Viewing of Solution Iterations {4, D, F}

1. 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.

3.2.6. Multi-Objective Plots {4, B, C, D, E, F}

1. A decision maker can view a plot of solution performance according to multiple
objectives. They may also assign weights and thresholds to specific objectives,
or hide them altogether. They may also automatically filter for non-dominated
scenarios.

2. A model developer can specify any number of objectives, their description, their
units, and any minimum or maximum thresholds.

3. A model developer’s model can simulate the performance of a solution and send
them back to the user interface as absolute quantities or probability
distributions.

3.2.7. Deployability {4, B, C, D, E, F}?
1. A decision maker can easily access a pre-configured interface (e.g. via secure
web application)
2. A model developer can easily generate and share their model to decision makers
as an interactive MCDSS.
3.2.8. Adoptability {A, B, D}
1. A model developer can easily understand the application programming
interface (API) for the interactive simulation.

3.2.9. Sensitivity Analysis {F}

1. A decision maker may see decision sensitivities before they are even made. For
instance, a slider might indicate which direction it may be moved in order to
improve the outcome of one or more objectives.

3.2.10. Solution Generation { }*

1. A decision maker user may leverage algorithms (e.g. genetic algorithms) to help
them discover local optimizations within a solution space.
4. Discussion and Future Work

This paper leaves us with at least two major tasks ahead. First, there is the issue of
building a minimum viable piece of software that satisfies all of our user stories.

2 The authors believe that all six case studies were generally lacking in the area of deployability, which may
explain why all of them inspired a need for improvement.

3 Sensitivity analysis is a feature only recently developed, so it is only inspirated by a sole case study.

4 Solution generation is the only user story without any prior precedent among our case studies. However,
we believe it is necessary to include some form of automated solution generation in order to test the
performance of the interface during development. We explain this further in the section on future work.
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Secondly, we must formulate a method for testing the effectiveness of our generic
interface compared to some status quo condition.

We expect to build out the software as an open source project made freely available
on a platform such as GitHub using the MIT Licence. While initial work will be
conducted jointly by the UTokyo Industrial Systems Laboratory and the MIT
Engineering Systems Laboratory, we welcome contributions from our peers.

As for testing and validating the generic user interface, we will develop an
experimental method for measuring a user’s ability to satisfactorily discover non-
dominated solutions in a series of toy models. Over a number of statistically significant
trials, we will compare human decision maker performance to that of a genetic algorithm
that is designed to search for local optimizations within these toy models. To be
considered successful, a decision-making human should be able to perform at least as
well as a locally-optimizing algorithm. Ideally, we may find that a human can sometimes
be better than their algorithmic counterpart at finding a global optimimum.

5. Conclusion

The user stories in this paper define minimum viable research objectives to kick off the
long-term development and testing of a generic user interface for multi-objective
decision making. While the authors of this paper intend to subsequently embark on this
endeavor, we welcome members of the research community to review our preliminary
findings and, furthermore, we invite them to join us in any capacity. Ultimately, we hope
this work will lead to increased adoption of multi-objective decision making methods in
transdisciplinary fields.
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