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Research Approach

Methods Investigation

Human-Model Interaction

Model Curation and Curator Role

Research Transition Update

Next Steps and Future Directions

The IMCSE research program arises 
from the opportunity to investigate 
aspects of humans interacting with 
models and model-generated data. 

This is an important problem 
because human effectiveness in 
performing digital model-based 
engineering and human acceptance 
of model-centric practice will be 
essential to success of future 
acquisition programs. 

IMCSE is a multi-faceted 
investigation that involves both 
technical and social facets. 
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Method 
Adaptation,  
Application 
Cases, and 

Experiments

Model-
Centric 

Decision 
Making 
Study

Analogy 
Cases and 
Secondary 

Source Data

Pathfinder 
and 

Technical 
Exchange

Workshops

IMCSE Research Approach 

Motivation: Addressing complex systems problems 

requires human intelligence and use of models
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Methods Investigation
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Prior Phase Task

Enhancing Interactivity of Methods

Interactive Epoch-Era Analysis:  Investigation of enhancing interactivity of existing method

Curry, M, and Ross, A.M., "Designing System Value Sustainment using Interactive Epoch Era Analysis: A Case Study for On-

orbit Servicing Vehicles," 14th Conf on Systems Eng Research, Huntsville, AL, Mar 2016

Curry, M, Rehn, C.F., Ross, A.M., Rhodes, D.H., "Designing for System Value Sustainment using Interactive Epoch-Era 

Analysis: A Case Study from Commercial Offshore Ships," 15th Conf on Systems Eng, Research, Los Angeles, CA, Mar 2017
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Prior Phase Task

Interactive Model Trading

Ross, A.M. and Rhodes, D.H., "Interactive Model Trading for Resilient Systems Decisions," 15th Conf on Systems Engineering 

Research, Los Angeles, CA, March 2017

Ross, A.M., Fitzgerald, M.E., and Rhodes, D.H., "Interactive Evaluative Model Trading for Resilient Systems Decisions," 14th Conf 

on Systems Engineering Research, Huntsville, AL, March 2016

One of the key means 

of leveraging a model-

centric environment is 

the trading of models, 

which can reveal 

insights about the 

system that are difficult 

or impossible to see 

when considering only a 

single model.
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Human-Model Interaction
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Underlying Premise

Endogenous point of view (J. Forrester)

Formulating a model of a system should start with the question “Where is the boundary, that encompasses 

the smallest number of components, within which the dynamic behavior under study is generated?” 

(G.P. Richardson , 2011)

Understanding behavior of a model-
centric enterprise requires viewing 
human actors as endogenous 
constituents

o Models influence decision-maker behavior 

o Human interaction with models influences 
how models conceived and used in decisions  

o Augmented intelligence must address same 
sociotechnical consideration 

Rhodes, D.H., Using Human-Model Interaction Heuristics to Enable Model-Centric Enterprise Transformation, 12th Annual 

IEEE Systems Conference, Vancouver, April 2018.
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Model-Centric Decision Making  
(unordered areas of findings)

• Three actor decision flow

• Importance of intercommunication

• Understanding of assumptions and uncertainty

• Technological and social factors influencing trust

• Importance of model-related documentation

• Need for model pedigree 

• Models as primary versus supplementary 

• Non-advocate role in reviews

• Transparency and trust

• Model investment bias and confirmation bias

• Factors limiting model-centric decisions

• Real-time interaction with models

• Viewing humans as endogenous  

30 recognized experts

German, E.S., and Rhodes, D.H., "Model-Centric Decision-Making: Exploring Decision-Maker Trust and Perception of Models," 15th 

Conference on Systems Engineering Research, Los Angeles, CA, March 2017

Rhodes, D.H., Using Human-Model Interaction Heuristics to Enable Model-Centric Enterprise Transformation, 12th Annual IEEE 

Systems Conference, Vancouver, April 2018.

Empirical Study

Heuristics  Principles
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Myriad Factors Influence 
Human-Model Interaction 
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selected heuristic

Models do not have agency -- the ultimate 
responsibility for decisions must be upon humans

• Ultimate decision-making authorities are people, 
and blame cannot be placed upon models for 
poor decisions

• Model developers, users, and decision-makers have the 
responsibility for ensuring models are properly understood 
and appropriately used

• Individuals should be aware of the potential for improperly 
diffusing responsibilities for decisions upon models

• Policies should clearly establish the responsibilities for which 
individuals are held accountable in model-centric enterprises
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Application: Program Team Launch

At the start of a new program, heuristics can be used in the team launch as 
boundary objects for formulating project norms, responsibilities, and guidelines 
as well as enhance trust and collaboration

Discussions  on decision-making could be initiated with a 
heuristic : Models do not have agency – the ultimate 
responsibility for decisions must be upon the humans  

Can trigger a dialogue on how the team wants to employ models in 
context of program needs and competencies of team members

Heuristic functions as a boundary object for raising any points on 
discomfort and distrust of models/modeling toolsets   
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Application: Educating Novices

Weaving heuristics into education modules and in class activities reinforces 
learning points and are useful triggers for class discussions 

A lesson on understanding context and assumptions could initiate 
discussion with this heuristic : 
Models are created for specific reasons and context, and those assumptions 
fundamentally bound a model’s applicability.  

A key point is that evaluating a model’s applicability should not just 
consider whether it has been validated, but in what contexts  

Additionally, a useful discussion point is that using a model outside of its 
inherent bounds leads to inappropriate results (with case examples)  

Another use of a heuristic in education would be an assignment to write 
a short paper to discuss the heuristic
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Small Experiment to Test Impact of 
Using Heuristics with Novice Engineers   

“Use of Models in Decision Making” teaching module based on 
using HMI heuristics in undergrad engineering leadership program

― 4 class sessions, each with 20-22 students  

―2 groups accessed 7 statements before the lecture, and 2 groups after

Heuristics-related statements appearing to have greatest impact 

• People decide whether to trust a model based on technical factors,
rather than social factors

―78% strongly agree/agree (pre-lecture group)

―46% strongly agree/agree (post-lecture test)

• Some blame can be placed on the model itself, if it was used to make a 
decision that turned out to be a bad one 

―78% strongly agree/agree (pre-lecture group)

―50% strongly agree/agree (post-lecture test)
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Model Curation and Model Curator Role
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Current Situation

Models becoming increasingly valuable, leading to equal/greater 
value than physical asset

Need for composability of models for specific purposes beyond 
original use, requires knowledge depth and breadth

Modeling competency across individuals and programs, but not 
strategically developed/managed at enterprise level

Models exist at all levels of enterprise (individual, program, 
business unit) but seldom managed as enterprise collection

Reymondet, L., Rhodes, D.H., and Ross, A.M., "Considerations for Model Curation in Model-Centric Systems 

Engineering," 10th Annual IEEE Systems Conference, Orlando, FL, April 2016
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Curation in other fields inform model curation
Digital Curation (National Research Council)

The phrase “active management and enhancement” was chosen to 
distinguish curation from simply collecting and storing data and information

• …allow users to understand and exploit digital information assets and to 
ensure their integrity over time 

• …ensure digital information remains discoverable, accessible, and useable for as 
long as potential users have a need or a right to use it.  

What distinguishes digital curation from these other fields is its 

emphasis on enhancing the value of information assets for current 

and future use and its attention to the repurposing and reuse of 

information, both within and beyond 

the context in which it was first created or collected. 
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Definition of a Model Curator 
in the Digital Engineering Context

Model Curator: a designated professional role entrusted with 
the ownership, tracking and use of model collection objects, 
and possessing designated authorities for managing and 
controlling models. 

Model Curation Lexicon under development: 

Model 
Collection

The collection of model-based assets that is possessed by an enterprise, 
including those developed by the enterprise, acquired by the enterprise, 
and temporarily resident in the collection (e.g., leased, on loan). 

Model Collection 
Object

A model or model-related object that is a unique asset in the 
enterprise’s collection.  An object is assigned a unique identifier. 

Model 
Composition

The process of composing models and model-related information that 
provides collective value beyond the individual models. 

Model 
Composability

The characteristic of an interrelated set of models that enables them to 
be combined in accordance with given modeling formalisms. 
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MC Role at the Program Level

• In some enterprises, a number or curation activities already exist 
at “local” program level

― Existing instances of curation-type responsibilities such as selecting and 
maintaining the set of models for a specific program or laboratory purpose

• Envisioned future role of a Program-Level Model Curator 

―originates and maintains model pedigree for program-owned model assets

―plans and manages model version upgrades

―works with model software developers on specialized needs

―organizes training for program staff 

―performs model trade-offs and model software selections

―supports enterprise-level model assessments and activities

― …..
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hypothetical

Leadership Evolves with Shifting Digital Paradigm
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MC Role at the Enterprise Level

Enterprise model curator role aligned with the goals 
of the DoD Digital Engineering Strategy

DoD organizations must 
“formally develop, integrate and curate models” 
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Key Role: Model Accessioning

Accessioning is the formal process of officially accepting models 
(sets of models) into enterprise level model collection

―establish legal ownership, IP, verifies integrity, pedigree, etc. 

―de-accessioning is equally important formal process
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Key Role: Ensuring Model Pedigree

A model pedigree contains all of the information 
about a model, its origins and use over time  

• Gass & Joel (1980): the purpose is to “enable the 
decision maker to determine the model’s status 
with respect to past achievements, theoretical 
and methodological state of the art, and the 
expert advice that went into its development”  

• Content of the pedigree contains information 
not always included in engineering model 
documentation and metadata

―model origin, originators and developers, development 
process used, assumptions and limitations, related 
expert knowledge, investment in model, etc. 

IMCSE research 

on model-centric 

decision making 

has shown that 

trust is a key 

determinant in 

use of models

Model pedigree 

provides the 

information that 

engenders trust 



SSRR 2018 November 8, 2017 24

Key Role: Strategic Leadership for 
Model Demonstrators

Museum curator has deep knowledge of collection, with responsibility for 
putting together purposeful special exhibits

Similar role – “chief model curator” has deep knowledge of model collection 
and strategies for model composability   

Has strategic responsibility for selecting and composing models for a special 
purpose, for example, demonstration of new system capability in support of a 
competitive bid or market opportunity
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Potential Forms for Enterprise Level Role
“Chief Model Curation Officer”

Form Description Under what conditions

Centralized – Top 
Tier

CMCO is a top tier 
executive reporting 
directly to CEO 

High performing model-centric engineering enterprise or has a very aggressive goal to 
become one.  Culture has fully embraced model-centric engineering across the entire 
enterprise, and believes model leadership is key to competitive advantage and to 
innovation

Centralized –
Dotted Line

CMCO has enterprise 
level authority, “dotted 
line” reporting to CEO

The enterprise is rapidly becoming a high performing model-centric engineering 
enterprise. The CMCO needs enterprise level authority to make and implement 
strategic decisions, but is not ready to make the CMCO a full member of the executive 
management team.   

Franchised

Enterprise segments 
have CMCOs, 
conforming defined 
policy and role.   

For very large enterprises with varied cultures within enterprise segments, it can be 
difficult to have one top-tier CMCO. A franchised form enables the enterprise to 
establish the role and responsibilities at enterprise level.  CMCOs are appointed in each 
enterprise segment reporting to its top executive, conforming to enterprise defined 
policy and role.      

Collaborative
Virtual CMCO role 
through collaborative 
committee  

The enterprise does not wish to appoint a single individual to the CMCO role at this 
time, but recognizes the need to have model curation capabilities. An appointed 
collaborative committee provides a “virtual CMCO” serving as a strategy-setting and 
implementation oversight body.  An instance where this might be a preferred form is 
an enterprise that is comprised of many newer  acquisitions that have strong heritage 
culture and processes. 

Dual Hat
CMCO is one of two 
roles played by an 
executive

An enterprise that is working toward becoming a model-centric enterprise but still uses 
legacy approaches is likely not ready to make the investment needed to appoint an 
enterprise CMCO. A dual hat form, while challenging to perform, enables an enterprise 
to allocate specific curation responsibilities to an existing leader CIO, CTO, CDO).  

Delegated

CMCO responsibilities 
are delegated to one or 
more individuals, or  
committee

Similar to “dual hat” but the role is not specifically delegated; the responsibilities are 
delegated as add-ons to an existing role, or to the responsibilities of a standing 
committee.  This implementation form is weaker than the dual hat, but does 
acknowledge these responsibilities as specific to MC, as a precursor to a formal role.   

Outsourced
CMCO role is 
performed by an 
external hire 

Temporary hiring of an outside CMCO may be the only option available to an 
enterprise that recognizes the need for the MC role but does not have expertise or 
capacity to staff it from within. It might also be a form used by an enterprise that is not 
convinced of the value of having an CMCO, but wants to have trial implementation.       

Enterprise does not wish to appoint a 
single individual as CMCO but recognizes 
need to have model curation capabilities. 

An appointed collaborative committee 
provides a “virtual CMCO” serving as a 
strategy-setting and oversight body.  

Instance where this may be a preferred 
form is an enterprise comprised of many 
newer  acquisitions that have strong 
heritage culture and processes. 
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Model Curation 
Interim Research Findings

• Semi-structured interviews indicate enterprise executives recognize need for 
enterprise-level leadership to strategically manage model assets/environments 

• Curation knowledge/practices from other areas (museum, digital, ….) inform 
model curation in engineering context

• Seven alternative organizational forms for model curation leadership  
identified, with conditions under which form would be most appropriate 

• Exploring potential model curator enabling MPTs including model pedigree, 
curation competencies, vulnerability assessment techniques, SE leading 
indicators adapted for digital engineering  

― Rhodes, D., Uncovering Cascading Vulnerabilities in Model-Centric Acquisition Programs, NDIA 
Systems Engineering Conference, October 24, 2018

2019 CSER Conference Submission  

Model Curation: A Vision for New Leadership and Practice 
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Transition Updates and 

Next Steps/Future Research 
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Transitioning Knowledge to 
Stakeholder Community

INCOSE IW (Jan 2018) IEEE SysCon (Apr 2018)

Aerospace Forum (May 2018) INCOSE IS (July 2018)
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Next Steps/Future Directions

• Finalize guiding principles and continue application efforts

• Continue investigation of human-model interaction patterns 

• Continue investigation of model curation competencies and 
enterprise capabilities 

• Support working groups and challenge teams: 

― DEIXWG including lexicon development and entries for Digital Wiki 

―INCOSE Challenge teams 

• Identify and explore enabling MPTs, and potential connections to 
related research  

• Transition knowledge through publications, engagement with 
stakeholder community, and through invited talks/seminars
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University Affiliated Research Center managed 

by Stevens Institute of Technology. Any 
opinions, findings and conclusions or 
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seari.mit.edu
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Potential Forms for Enterprise Level Role
“Chief Model Curation Officer”

Form Description Under what conditions

Centralized – Top 
Tier

CMCO is a top tier 
executive reporting 
directly to CEO 

High performing model-centric engineering enterprise or has a very aggressive goal to 
become one.  Culture has fully embraced model-centric engineering across the entire 
enterprise, and believes model leadership is key to competitive advantage and to 
innovation

Centralized –
Dotted Line

CMCO has enterprise 
level authority, “dotted 
line” reporting to CEO

The enterprise is rapidly becoming a high performing model-centric engineering 
enterprise. The CMCO needs enterprise level authority to make and implement 
strategic decisions, but is not ready to make the CMCO a full member of the executive 
management team.   

Franchised

Enterprise segments 
have CMCOs, 
conforming defined 
policy and role.   

For very large enterprises with varied cultures within enterprise segments, it can be 
difficult to have one top-tier CMCO. A franchised form enables the enterprise to 
establish the role and responsibilities at enterprise level.  CMCOs are appointed in each 
enterprise segment reporting to its top executive, conforming to enterprise defined 
policy and role.      

Collaborative
Virtual CMCO role 
through collaborative 
committee  

The enterprise does not wish to appoint a single individual to the CMCO role at this 
time, but recognizes the need to have model curation capabilities. An appointed 
collaborative committee provides a “virtual CMCO” serving as a strategy-setting and 
implementation oversight body.  An instance where this might be a preferred form is 
an enterprise that is comprised of many newer  acquisitions that have strong heritage 
culture and processes. 

Dual Hat
CMCO is one of two 
roles played by an 
executive

An enterprise that is working toward becoming a model-centric enterprise but still uses 
legacy approaches is likely not ready to make the investment needed to appoint an 
enterprise CMCO. A dual hat form, while challenging to perform, enables an enterprise 
to allocate specific curation responsibilities to an existing leader CIO, CTO, CDO).  

Delegated

CMCO responsibilities 
are delegated to one or 
more individuals, or  
committee

Similar to “dual hat” but the role is not specifically delegated; the responsibilities are 
delegated as add-ons to an existing role, or to the responsibilities of a standing 
committee.  This implementation form is weaker than the dual hat, but does 
acknowledge these responsibilities as specific to MC, as a precursor to a formal role.   

Outsourced
CMCO role is 
performed by an 
external hire 

Temporary hiring of an outside CMCO may be the only option available to an 
enterprise that recognizes the need for the MC role but does not have expertise or 
capacity to staff it from within. It might also be a form used by an enterprise that is not 
convinced of the value of having an CMCO, but wants to have trial implementation.       


