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Abstract. The Hebrew Scriptures tell the well-known story of the construction of the tower of 
Babel. That project is easily begun using the single language common to all the people of the time. 

But in response to the plan to build a tower to the gates of heaven, God plants different languages 
among the builders frustrating their ability to communicate. This effectively halts the project and 
ends in the dispersal of the peoples to the "ends of the earth."  

The ancient story carries a warning for our attempts to broaden the practice of systems engineering 
beyond the familiar bounds of defense and aerospace.  Unlike the tower builders whose acquired 
problems halted their progress after a successful start, twenty-first century systems engineers are 
severely language-challenged from the outset.  The demands of new domains involve the lan-
guages of diverse stakeholders and subject-matter experts. The demands of concurrent engineering  
involve communicating with a variety of disciplines with their own models, methods and lan-
guages. 

This paper explores the challenges posed by the diversity of languages outside the usual market 
space and suggests possible solutions for them. 



  

Introduction 
The Biblical book of “a beginning” (Bereshit or Genesis) includes story of the attempt to build a 
tower reaching from the city of Babel to the heavens, the dwelling place of God. According to the 
story, rather than see this attempt succeed God frustrates the effort by depriving the builders of 
their “one language and common words” leaving them speaking different languages and unable to 
understand one another. 

That ancient story has implications for 21st century projects. Without a way to communicate 
clearly across an effort, failure is inevitable. Just like the Babel project team, modern teams will 
struggle to overcome communication deficits brought on when the parties-in-interest to the effort 
do not speak the same language. Without some means of translation and understanding their 
projects will meet the same fate as that of their Biblical forebears.  

This is a critical issue for systems engineers seeking to extend the reach of systems engineering 
and thinking into commercial and socio-technical areas where the discipline offers leverage 
through systems solutions. It is also critical as systems engineers work in the concurrent 
engineering environment of today’s cross-domain engineering efforts. INCOSE defines systems 
engineering as “… an interdisciplinary approach and means to enable the realization of successful 
systems.” (INCOSE 2015) The concept of “interdisciplinary” has never been more important than 
it is today. Successful concurrent engineering rests on the effectiveness of cross-disciplinary 
communication and understanding. 

Systems engineering has its roots in the military-aerospace market where it developed in response 
to the challenge of accelerating complexity in the problem spaces. The processes and language 
bear the mark of its origins. 

The Origin of the Problem 
The issue of 21st century inter-disciplinary translation arises from the roots of systems engineer-
ing. The INCOSE Vision 2025 document states the problem succinctly: 

"Grown from the need to deal with complexity in the aerospace and defense industries, systems 
engineering practices have been based primarily on experience — trial and error. Over time, 
heuristics were developed to tackle complex problems systematically and holistically." (INCOSE 
2014) 

Historically this meant that systems engineering adopted processes tailored to the aerospace and 
defense industries and, along with them, the language of those worlds. The mindset arising from 
this process perspective has engendered an accompanying adherence to the language surrounding 
that body of processes. The problems stemming from the "process over concept" issues have been 
treated elsewhere. The focus here is on the language. 

Systems engineers attempting to transit the traditional spaces have typically taken with them the 
processes and language. In the new domain they have struggled to communicate and collaborate, 
often insisting that the process owners adapt their language and processes to those of systems 
engineering. 



  

This has resulted in competing mindsets where one approach is seen as exclusive of others. Pro-
ponents of one or another method insist that their approach is superior to the others in a particular 
context. "Model-based systems engineering is superior to Lean six sigma for healthcare process 
improvement," is a representative framing of this clash.  By encouraging others to lay down their 
modes of expression in favor of traditional systems engineering, systems engineers have un-
thinkingly advocated the loss of the particular advantages of the approaches that drove their se-
lection in the first place.  

In addition, the insistence on the adoption of systems engineering methods, tools and language by 
sectors unfamiliar with them has effects at the social/emotional level. It appears arrogant and is 
often off-putting to other domains. This dimension is harmful to collaboration and further de-
creases understanding of the problem and its place in the context. 

The Need for Solution 
The language problem is an unnecessary impediment. There are successful translations that sup-
port the transit of principles and methods from systems engineering into another paradigm and 
vice-versa. Consider, for example, the implementation of the Scaled Agile Framework (SAFe®) 
as detailed in the 2018 paper by Rick Dove, Bill Schindel and Ken Garlington. (Dove, Schindel, 
Garlington 2018) In that instance the concepts of agile development were successfully melded into 
a disciplined systems engineering process without the language of systems engineering presenting 
a barrier to the implementation. There are other notable pockets of success that have enabled the 
power of systems engineering to be applied in non-traditional areas. (Gamesan, Hung, Peng, Chen, 
Koizumi 2018) 

This back and forth translation is important to the realization of the full value of systems engi-
neering moving forward. The expression of systems engineering's future set out in INCOSE's 
Systems Engineering Vision 2025: A World in Motion begins with six "Imperatives for that future. 
Three imperatives are particularly relevant to this discussion. They are: 

• Expanding the APPLICATION of systems engineering across industry domains.  

• Embracing and learning from the diversity of systems engineering APPROACHES. 

• Applying systems engineering to help shape policy related to SOCIAL AND NATURAL 
SYSTEMS. (INCOSE 2014) 

The Vision goes on to elaborate: 

"Systems engineering must scale and add value to a broad range of systems, stakeholders, and 
organizations with a diversity of size and complexity. In particular, the discipline will be in-
creasingly relevant to global socio-technical and large-scale enterprise systems such as urban 
transportation and healthcare. Systems engineering will also contribute to assessments and anal-
ysis of socio-physical systems such as the global climate system to inform stakeholders and de-
cision makers of the emergent impacts of organizational and public policy actions." (INCOSE 
2014) 

and, 



  

"In 2025 and beyond, systems engineering will be a key integrator role for collaborative enterprise 
engineering that spans regions, cultures, organizations, disciplines, and life cycle phases. This will 
result in multi-disciplinary engineering workflows and data being integrated to support agile 
program planning, execution, and monitoring." (INCOSE 2014) 

Throughout the World in Motion document, the case is made for expanding the reach of systems 
engineering into diverse domains and important problem spaces that do not resemble its traditional 
territory. The document sees a key role for systems engineers in providing knowledge assessments 
to make expert knowledge readily accessible to decision-makers.  

The complexity of our problems and solutions demand that systems engineering become more 
tightly connected with the traditional “domain engineers” and other subject matter experts in a 
concurrent effort to address their designs in a holistic way that embraces the significance of other 
domains in the solution process. This means that the systems models must speak and listen to the 
members of the design community  

In order to bring the value of systems engineering to and receive benefit from other, diverse do-
mains it will be necessary for systems engineers to learn to speak the languages of those domains. 
The best source of information about a domain and its problems is found in the process owners and 
experts in the domain. Communicating with them entails understanding what is being said and 
expressing the return thoughts and questions in a way that is understandable to them.  

The need for translation that facilitates collaboration is perhaps best illustrated by example. 

Example: The Perioperative Process 
In an article for Systems Engineering Magazine Sarah Bonzo, David McLain and Mark Avnet 
described an effort to analyze the communication processes utilized in the operation of a hospital 
operating room. (Bonzo, McLain and Avnet 2016) Given the criticality of the outcomes produced 
and the complexity of the processes involved, the operating room provided a fertile field for ap-
plying the techniques of systems analysis to a socio-technical system. 

The researchers elected to study the perioperative processes- procedures used to prepare the room, 
equipment and patient for the next phase, the intraoperative processes (the "operation" itself) and 
the final, postoperative phase. Using a series of interviews and guided "walkthroughs" with op-
erating room personnel, they gathered data about the process steps and intra-staff communications.  

From the outset it was clear to the researchers that the differences between the healthcare envi-
ronment and the more traditional systems engineering space would necessitate a modification of 
the usual approaches. They stated: 

"Due to the context-specific aspects of healthcare that make it fundamentally different from other 
settings like engineering design, process modeling tools created for those contexts cannot be ap-
plied directly to the OR. Instead, it is first necessary to create an initial model of communication in 
the OR that can serve as the basis for analysis." (Bonzo, McLain and Avnet 2016) 

In response to the domain environment, the researchers chose to create a "baseline" model of the 
existing processes using the matrix-based approach of constructing design structure picture or 
design structure matrix (DSM) and multi-domain (MDM) matrices from the data gathered from 



  

the processes. These tools were familiar to the researchers coming from their own professional 
perspectives. That resulted in two matrices. Fig. 1 represents the process steps as a DSM. Fig. 2 
records the intra-staff communications in a second DSM. (NOTE- For the sake of simplicity the 
matrices have been reproduced in the format of N2 diagrams generated from the data and are 
shown to illustrate the format rather than the content.) 

The presence of communication linkages between steps or staff members are indicated by tick 
marks in the boxes at the intersection of the row of the sender and the column of the receiver. Thus, 
communication from the “Take History and Physical” step to the “Pre-op Patient” step results in a 
mark directly to the right of the first (sending) step and just above the second (receiving) step. 
Conversely communication from the second step back to the first is indicated by marking the box 
to the left of the sending step and below the receiving step. 

 

Figure 1. Design structure matrix (process) 

 

Figure 2. Design structure matrix (personnel) 

These two matrices were then connected to form an MDM where the inter-relationships between 
staff and process could be charted. Fig. 3  Here the communication from process step to staff 
member (or the reverse) were noted in the upper right and lower left quadrants respectively. 



  

 

Figure 3. Multi-domain structure matrix 

The article makes an important observation concerning the matrices: 

"While the DSM provides a valuable tool for visualizing complex processes, it actually is not the 
most intuitive means of graphically displaying dependencies in simpler systems like this one. (The 
article here refers to a "network representation" of the process drawn for this purpose.) As is ap-
parent from this figure, this graphical format more effectively communicates the actual process." 
(Bonzo, McLain and Avnet 2016) 

The significance of this is that it is the second statement of a need for "translation" of the data 
being gathered. The project begins by recognizing that the "context-specific aspects of healthcare" 
make it necessary (for the researchers) to capture the data in the matrices. In that way the process is 
recorded in relatively high fidelity and with sufficient nuance to satisfy the research aims of the 
authors and make it susceptible to analysis using matrix transformations. 

In the second instance of translation, the authors recognized that the captured data as depicted in 
the matrices is not displayed in the "most intuitive" format for medical stakeholders to gain an easy 
understanding of the information that has been gathered. These two realizations point up the major 
theme of this paper. 

In a complex world, it can become necessary for problem solvers- in this case three industrial and 
systems engineers- to bring their disciplines to bear in solving a problem in another disciplinary 
setting such as healthcare delivery. They wisely chose to capture and analyze their data in a format 
which enabled their problem solving process- the design structure and multi-domain matrices.  

But, they recognized- every bit as wisely- that their findings would need to be communicated to 
others who would not necessarily resonate with the matrices in order to have practical value in 
improving the operating room process communication. They successfully translated the data 



  

gathered in interviews and observations into a form that could be analyzed using matrix trans-
formations and then translated the information gained from the analysis into network diagrams that 
could be understood by stakeholders like hospital administrators. 

However, there was another insight to be had. 

Although the researchers had stated, "process modeling tools created for (engineering design) 
cannot be applied directly to the OR," there is a role for systems engineering and its tools that adds 
value to the process. When the information presented in the matrices was entered into a systems 
engineering modeling tool capturing the relationships depicted in its database, it became possible 
to display the information as N2 charts (resembling the matrices) as well as functional flow block 
diagrams like the network representation in the article. The tool could then be used to track the 
effect of any process modifications into the model and visualize the results. This would give the 
process analysts the ability to construct not only the  baseline or "as-is" process but to project the 
effects of "to-be" alternatives. All of this adds power to the analysis and visualization of the pro-
cesses. 

Fig. 4 depicts the functional flow block diagram generated from the database. It is very close in 
appearance to the "network representation" drawn by the researchers but instead of being created 
from scratch it was drawn from the information ingested into the tool from the researchers' 
presentation of the data in matrix format. Like the network diagram, it is readily understandable by 
the medical process owners. Modifications to it would be captured in the tool database and could 
then be tracked and reflected. This ability would effectively extend the capability of the process 
analysts to engage in modeling and evaluating process improvement alternatives. 

 

Fig. 4 

The systems engineering model also added richness to the information that could be captured. The 
matrices captured the fact of step to step communication but the model could capture the content 
and role of the communication. As a hypothetical consider communication from the step “Take 
History and Physical” to the step “Pre-op Pt. Prep.” Imagining that this was collected as identi-
fying the message that the patient history and physical were complete and the patient was ready for 
pre-operation preparation, the systems engineering model could capture this as an information 
item that is passed from the first step to the second triggering the beginning of the second step. 
Likewise the communication of questions arising from the pre-op step could be directed to the 
history and physical step. The representation of this data flow and process control (triggering) is 
depicted in Fig. 5. 



  

 

Fig. 5 

This visualization, generated directly from the model, would be readily understandable to the 
industrial engineers doing the process capture as well as the medical process management team 
accustomed to working with business flow charts. 

There are three principle insights to be had from this example: 

 1. The researchers recognized that the operating room processes and personnel were par-
ticular to that environment and that it would be necessary to approach them from their own per-
spective. They gathered their information in the vernacular of the hospital personnel. As they 
observed, “While attempts have been made to translate best practices from engineering, manu-
facturing, and other fields, their value has been limited because they are applied with minimal 
modification for contextual differences in healthcare.” (Bonzo, McLain and Avnet 2016) 

 2. Having translated the data gathered into the language of their research matrices, the 
researchers recognized that the resulting matrix representations would not be intuitively under-
stood by the process stakeholders. Instead of insisting that the stakeholders learn the intricacies of 
the matrices, the researchers translated the information into a "network representation" of the 
processes. 

 3. By translating the researchers' information into the system modeling database, the 
modeling is able to provide a platform from which to conduct "what-if" process improvement 
analysis through an intuitively grasped interface enabling the process improvement process to 
proceed collaboratively with a variety of stakeholders and process experts. 

Commonly the introduction of systems engineers into the process improvement effort in a case 
like this would result in a disruption at several levels. The process analysts (here researchers) 
might well be told to halt the matrix-based approach in favor of a require-
ments/behavior/architecture approach to modeling. Assuming that the intervening systems engi-
neers were attuned to the use of the operating room staff as the ultimate implementing architecture, 
the most probable course would likely be to first explore the hospital's requirements for the 
perioperative processes, determine the behaviors necessary to satisfy those requirements and then 
project the implementation structure to perform the behaviors. 

The process improvement analysts would be pushed out of their approaches and their value in 
understanding the subject systems could be minimized or lost to the effort. Without the under-
standing of the domain information elicitation would be severely impaired. If the matrix-based 
analysis was disrupted the insights gained from its use would also be lost.  



  

The astute systems engineer in this situation would see that recognizing the value of hospital staff 
speaking to healthcare process analysts and understanding the work product of the analysts would 
strengthen the potential contribution from systems engineering. At least three languages are being 
spoken in this scenario (hospital talk, matrix methods and systems engineering). The smart play is 
to learn rather than try to displace the two non-systems engineering languages. This leverages the 
power of concurrent engineering involving the process owner, the process analyst and the systems 
engineer. The responsibility for that smart play belongs to the systems engineer. 

The Path Forward 
These principles are not limited to healthcare. For example, enriched modeling techniques have 
been applied in the global natural gas market. (McDermott, Nadolski and Sheppard 2014) Re-
gardless of the specific target domain, two fundamental steps need to be taken to facilitate the 
realization of the INCOSE Systems Engineering Vision of the cross-domain application of sys-
tems engineering. 

1. Systems engineers need to recognize that it is their responsibility to learn the landscape 
(language) of the domains into which systems engineering is to expand. The task of the 
21st century systems engineer includes "expanding the APPLICATION of systems engi-
neering across industry domains" and "applying systems engineering to help shape policy 
related to SOCIAL AND NATURAL SYSTEMS." Those efforts demand fluency in the 
language of domains not commonly engaged in traditional systems engineering. 

2. To facilitate this expansion systems engineers need to avoid the temptation to impose 
processes and frameworks from the defense and aerospace domains to new domains un-
accustomed to the ways and speech of the traditional systems engineering market spaces. 
This requires an effort to communicate with domain experts- particularly process design-
ers. Beyond that, it requires the ability to think about systems engineering at the concep-
tual, rather than the application, level. (Scott 2017) 

There are two major traps for the unwary along the path to a role as translator. 

Standards The fundamental idea behind standards has to do with communication. In the world of 
model-based systems engineering this idea is framed as the principle of driving the use of stand-
ardized ways of expressing a given idea. But, if in standardizing inputs and outputs we choose a 
standard that is specific to a narrow group of practitioners, we actually trade the risk of imprecision 
for the reality of a narrowed audience. Returning to our perioperative procedure model Figures 6 
and 7 illustrate this issue. 

 



  

 

Fig. 6                                                  Fig. 7 

If we standardize our communication to language of Figure 6, the users/stakeholders familiar with 
the UML-SysML base of communication will resonate with the result but those not fluent in that 
standard will be lost. The representation differs from that in Figure 5 above. The sequence runs 
down (as opposed to left to right). The start and stop symbols are no help to anyone who doesn’t 
know what they mean. There is a strange label (<<optional>>) on the arrow running from the data 
item “Questions” to the “Take History and Physical” step. All of this is confusing and this is just a 
simple, two-step illustration. Software developers and engineers would immediately grasp the 
message but others would have to climb the barrier created by unfamiliarity. 

Figure 7 is no less problematic. It is not intuitively obvious which way the process flows and the 
communication channels would be unclear to someone not familiar with the IDEF0 formulation 
rules and conventions. While it would likely speak to system and software engineers familiar with 
its conventions, it would not extend to process owners or designers in other domains. 

The statement of the researchers in our perioperative process example regarding their matrices as a 
tool for communication applies equally well to these representations. To paraphrase (with appro-
priate apologies to the authors), they said, “While these (diagrams) provide valuable tool(s) for 
visualizing complex processes, (they) actually (are) not the most intuitive means of graphically 
displaying dependencies in systems like this one.” The better representation for communicating 
with the medical process owners is the one in Figure 5. 

Standardizing on the representations is not the place to reap the benefits of a standardized, disci-
plined approach. These benefits can be most powerfully felt through a model constructed in the 
framework of a standardized metamodel rich enough to capture the detail and nuance of the de-
sign. Where this is present, the representations can be generated directly from the model as well as 
being used as vehicles for creating and developing the model. 

Under such an approach, the model is built in a database within the framework of the metamodel. 
The model contains the elements of the system design and the relationships among those elements. 
In constructing the model we tell it what those relationships are designed to be. So, for instance, 
our design might contain functions A and B where B follows in sequence after A. We could input 
an activity diagram to “tell” the model that the relationship between A and B is sequential. A 
disciplined model would “understand” this relationship and record it. 

From that point forward the relationship between A and B is captured in the model. It can be re-
covered or modified as the design advances. In a sufficiently robust tool there would be a menu of 
alternative ways to communicate the relationship whether that means communicating the rela-



  

tionship to the model, modifying it in the model or communicating it from the model. Once the 
relationsip is defined in the model it becomes a relatively trivial matter - assuming a robust tool 
with which to manage the database- to answer a query requesting the relationship and to display 
the answer using any of a number of alternative rules sets (e.g.- those for activity diagrams, func-
tional flow block diagrams, or sequence diagrams) to produce a report of it for the user. 

The views below (Fig. 8) depict several ways of expressing this simple sequential relationship. 
Each of them can be used to input the relationship between A and B into the model. Likewise, any 
of them can be used to extract and report it. Each of them will resonate with a particular audience.  

 

Fig. 8 

If we “standardize” on the language of communication (representations) by limiting our possible 
choices to a particular set, we lose the segment of the potential audience that would benefit from 
seeing the excluded representations. In a world where systems engineering is seeking to expand its 
reach while dealing with complex problems and solutions, narrowing the conversation by ex-
cluding potential participants is counterproductive. Doing so in the name of “standards” does not 
change or reduce that impact. 

Over-simplification  There are several ways that we oversimplify. The motives behind this- like 
the motivations to standardize- are understandable and even commendable. Simplicity reduces the 
risk of confusion. Simplicity promotes understanding. Simplicity promotes accessibility. These 
are the commonly expressed drivers for simplicity. But, simplicity can quickly become a vice. 

In a world of complex problems and solutions nuance and detail are important. Complex adaptive 
systems do not typically change state by moving from one bucket to another. The behavior of their 
elements follows a path, causation is not linear. Any language that will represent that needs to be 
nuanced. One “word” or symbol cannot stand for multiple concepts. The language must accurately 
depict nuance and detail in order to create a model that can reasonably be used to predict emer-
gence and solve problems in a complex environment. 

The fundamental principle here is similar to that of the move to standardize language. Where 
simplification acts to restrict vocabulary and/or syntax it narrows and degrades the spectrum of 
communication. The broader the vocabulary the richer and wider the communication. The chal-



  

lenges of complexity and concurrent sharpen the need for that depth and breadth in communica-
tion. 

Conclusion 
Both of the foregoing traps are sweetened with the honey of promised advantages. A standard for 
communication sounds beneficial. But it means moving from many “languages” to one. This 
would involve identifying the single language and then teaching it to everyone. This is an unre-
alistic task. The very complexity of our problems in an expanding space such as is envisioned by A 
World in Motion widens the number of potential languages and ramps up the challenge. 

Likewise, the move to simplify trades potential benefits for new problems. It makes the commu-
nication more accessible but deprives it of the ability to deal with nuance and, therefore, com-
plexity. This trade does not serve the effort to respond to the needs of a world where complexity is 
accelerating. 

While speaking in foreign "tongues" seems challenging it is hardly insurmountable. The benefits 
are significant. The concepts of systems engineering map well to other systems approaches like 
Senge's Fifth Discipline, Covey's 7 Habits and the Shewhart Cycle. (Bahill and Gissing 1997) That 
provides a basis for translation and movement of the power and leverage of systems engineering 
into worlds that have benefitted from those approaches but have had little or no contact with 
systems engineering. The key is developing an understanding of and respect for the world outside 
traditional systems engineering spaces. That enables the kind of expansion of systems engineer-
ing's reach and contribution contemplated in INCOSE's Vision 2025. 
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