
Paper ID #38545

A Novel Approach for Teaching System Architecture at the Undergraduate
Engineering Level

Dr. Eric B. Dano, George Washington University

Dr. Eric Dano received a B.S. in Physics from the U.S. Naval Academy, and a Ph.D. in Electrical Engi-
neering from the University of Michigan, where his research focused on radar design and the Experimen-
tal Study of the Microwave Radar Backscatter. Upon graduation, Eric worked 25 years at Sanders/BAE
Systems serving as a technical director and system architect on multiple diverse defense systems. He is
currently an Associate Professor of Practice in George Washington University’s Engineering Management
and Systems Engineering Department in Washington DC.

Dr. Joost R. Santos, The George Washington University

©American Society for Engineering Education, 2023



1 

 

A Novel Approach for Teaching System Architecture at the Undergraduate 

Engineering Level 

Eric Dano, Ph.D. and Joost Santos, Ph.D. 

George Washington University, Engineering Management and Systems Engineering (EMSE) Department 

ericdano@gwu.edu  and   joost@gwu.edu 

Abstract: 

Research has shown that system architecture, along with the concurrent decision analyses and 

requirements definition, has the greatest effect on an engineered system’s cost and capabilities. 

The question then becomes, given that system architecture is so critically important to the success 

of a system, why is system architecture not taught in any detail in undergraduate education? Some 

would posit that system architecture does not lend itself to teaching because of its abstract nature 

requiring synthesis to derive a proper architecture would be difficult for undergraduates. However, 

there have been several successful initiatives which have introduced system thinking, a core 

element of system architecting, into undergraduate systems/industrial engineering programs. 

These undergraduate system thinking skills provide the foundation to expand upon and provide 

undergraduate engineers with an understanding of system architecture. The proposed learning 

objectives should focus on the key architectural learning points of 1) the importance of system 

architecture in creating effective systems; 2) how outputs of system architecture seed system 

development; and 3) how architecture is transdisciplinary and considers the customer’s needs and 

system lifecycle. This approach was implemented into George Washington University’s 

undergraduate Systems Engineering program by implementing these architecture learning 

objectives directly into existing undergraduate systems engineering course material.  Using this 

approach, a significant increase in knowledge in all three architecture learning objectives was 

quantified by querying the recent sophomore Fundamentals of System Engineering class in a 

modified Likert scale based pre-/post-class survey.  Findings showed that most students went from 

a pre-class level (1.26) equating to most students never having heard of system architecture, to a 

post class level (2.86) equating to the understanding and ability to explain the importance of system 

architecture.  In addition, the importance of decision analysis courses to compliment systems 

architecture knowledge will be described herein. 

 

Introduction: 

With the increase in the complexity and interconnectivity of modern systems, systems engineering 

practitioners must have the ability to abstract their level of thinking to holistically look at a system 

through its elements, stakeholders, interactions between elements, and required quality factors (aka 

“ilities”) so that a robust transdisciplinary architecture can be developed [1]. In [2], the methods 

and tools defined to support the synthesis of complex system architecture were defined as classical 

methods, modeling and simulation, formal methods and systems thinking.  The first 3 items can 

be categorized under decision analysis methods, which are clearly required in each step of an 

architecture development process to determine optimal solutions and to select between 

architectural alternatives. 

 

Systems thinking is defined by [3] as “A set of synergistic analytic skills used to improve the 

capability of identifying and understanding systems, predicting their behaviors, and devising 

modifications to them in order to produce desired effects.” In [4], several basic systems thinking 

competencies were defined, including option generation, stakeholder identification, holistic 
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thinking, finding highest level objectives, using analogies to create options, understanding system 

structure/scalability, and recognizing interconnections. In [5], several advanced systems thinking 

competencies were defined such as: the iceberg model, causal loop diagrams, behavior over time 

plots, stock and flow diagrams, system dynamics modeling, archetype identification, root cause 

analysis, systemigrams and interpretive structural models, along with a defined 10-step 

methodology to implement systems thinking. The actual competencies and methodology required 

for a given system will vary based upon the system and application type. 

The defined systems thinking competencies, align completely with those required to architect a 

complex system [6], and are included to some degree in virtually all systems engineering programs 

[7]. The systems thinking competencies are also applicable to all domains, as evidenced by their 

incorporation into the core curriculum for various domains such as mechanical engineering [8], 

sustainability engineering [9], engineering management [10], and in addressing socio-cultural 

systems to enhance humanity [11], just to name a few. This also aligns with the INCOSE 2025 SE 

Vision, which states that systems engineering education must be advanced such that, “Systems 

thinking is formally introduced in early education. Systems engineering is a part of every 

engineer’s curriculum and systems engineering at the university level is grounded in the theoretical 

foundations that spans the hard sciences, engineering, mathematics, and human and social 

sciences” [12]. Thus, to fully incorporate the teaching of system architecture to undergraduates 

requires the inclusion of systems thinking competencies, hands-on experience with various 

decision analysis techniques (informal and formal methods) and an introduction to an Architecture 

Development Method/Model Based Systems Architecture synthesis tool [1]. It should be noted 

that industrial engineering programs, due to their roots of creating/improving systems [13], are 

usually strong in teaching the undergraduates decision analysis methods, which is a critical skill 

for performing system architecture. 
 

Teaching System Architecture at the Undergraduate Engineering Level: 

This paper will describe the implementation of systems architecture/systems thinking elements 

into George Washington University’s undergraduate Systems Engineering curriculum. This 

approach was incorporated directly into the existing ABET accredited courses, except for a Model 

Based Systems Architecting/Systems Engineering (MBSA/SE) course in development. The 

courses in Table 1 originally contained some system architecture content. This content was 

expanded upon, both in emphasis and content to support the following system architecture learning 

objectives:  

1) The importance of system architecture in creating effective systems 

2) How outputs of system architecture seed system development 

3) How architecture is transdisciplinary and considers the customer’s needs and 

system lifecycle 

The expanded system architecture content is listed in Table 1 for each course containing 

architecture content. The Bloom’s updated taxonomy levels [14] are also indicated to define the 

level of desired competency targeted for the students to achieve on the enhanced systems 

architecture content. 
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Table 1.  Undergraduate Courses Which Have Implemented System Architecture Learning Objectives 

Course 
Number 

Name Nominal Term Content to support System Architecture Learning 

Objectives 

Bloom’s 

Taxonomy Level 

[14] 

EMSE 1001  Introduction 

to Systems 

Engineering 

Freshman-Fall • Importance of system architecture in the 

systems engineering lifecycle 

• System architecture definition and 

introduction to an Architecture Development 

Method (ADM) 

Remembering, 

Understanding 

EMSE 2801  Fundamentals 

of System 

Engineering 

Sophomore-

Fall 
• Importance of system architecture in the 

systems engineering lifecycle 

• System architecture definition and 

introduction to an Architecture Development 

Method (ADM) 

• Recursiveness of requirements, decision 

analysis methods and functional 

decomposition 

• Hands-on elementary systems architecture, 

design and characterization of Vex Robots 

based on a series of robot challenges 

Remembering, 

Understanding 

EMSE 3815 Requirements 

Analysis and 

Elicitation 

Sophomore-

Spring 
• System Architectures key role in performing 

decision analysis and elicitation to define a 

realizable system concept and its associated 

requirements  

• Recursiveness of requirements, decision 

analysis methods and functional 

decomposition 

• Hands-on use of various elicitation methods 

to gather requirements 

• Hands-on requirements analysis using 

various analytical methods 

Applying, 

Analyzing 

EMSE 

4190/4191 

Senior 

Capstone 

Project I & II 

Senior-

Fall/Spring 
• Teams apply systems thinking to holistically 

examine a selected problem. System 

modeling, dynamics, literature reviews, 

methodology development and multiple 

decision analysis techniques are employed to 

solve each problem. 

• Hands-on application of the earlier systems 

architecture/systems thinking skills, and 

selected decision analysis techniques (see 

Table 2) to solve a complex problem of their 

choice. 

Applying, 

Analyzing 

(4190) 

 

Evaluating, 

Creating (4191) 

 

 

EMSE 6801 Systems 

Engineering 1 

– With Model 

Based System 

Architecting/ 

System 

Engineering 

(MBSA/SE) 

Modules 

Undergraduate 

elective/ 

required for 

SE master’s 

program 

• Advanced systems engineering concepts  

• Importance of MBSA/SE 

• Creating architectures of engineered and 

socio-technical systems using ARCADIA 

Capella. 

• Model based tracking of requirements and 

parametric analysis 

• Introduction to SysML as used for system 

design, analysis and requirements. 

Evaluating, 

Creating 
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Mapping of Student Outcomes in the Systems Engineering Curriculum 

The EMSE faculty adopted the performance levels listed in Figure 1 when mapping the student 

outcomes to the SE curriculum. The course learning objectives are categorized and assessed 

according to three performance levels (Introduce, Reinforce, and Emphasize), as described below: 
 

• Performance Level Introduce – indicates students are introduced to course learning 

objectives such that students should be capable of remembering and understating 

the concepts. 
 

• Performance Level Reinforce – indicates the outcome is reinforced and students 

given opportunities to further apply and analyze the course learning objectives. 
 

• Performance Level Emphasize – indicates that students have had sufficient 

practice and are capable of evaluating and creating the concepts learned in class. 
 

 
Figure 1.  Performance Levels for Student Outcomes in Systems Engineering Curriculum 

 

 

These performance levels are linked to the Bloom’s taxonomy classification (see Fig. 2) and are 

subsequently used by the EMSE faculty in assessing the course learning objectives. The 

implementation of these performance levels has also been mapped to the appropriate levels 

according to a Bloom’s taxonomy as illustrated by the different levels shown in Figure 2.  

 

 
Figure 2.  Relating Systems Engineering Performance Levels with Bloom’s Taxonomy 
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Core Elements of Systems Architecture 

The core elements of systems architecture, described in this section, were first taught in the EMSE 

1001 course, and then reemphasized in all the later systems engineering courses along with 

additional in-depth systems architecture activities, culminating in the EMSE 4190/4191 Senior 

capstone project.  This approach integrates the insertion of systems architecture knowledge in a 

manner consistent with the systems engineering and Bloom’s taxonomy performance levels (see 

Figure 2).  

 

The systems lifecycle was presented to the students as an “agile version” of the systems Vee, as 

shown in Figure 3. 

 

 

Figure 3.  Agile Systems Engineering Process Vee.  Note: dashed feedback lines represent early 

prototyping/integration, verification, and validation 

 

The following definition of systems architecture was provided to the students: 

 

System Architecture ≡ Fundamental organization of a system embodied in its 

components, their relationships to each other, and to the environment, and the 

principles guiding its design and evolution [15]. 
 

In addition, a modified 4 step Architecture Development Method (ADM) based on [16] was 

presented and described to the students as the steps to take the customer’s inputs, which are 

necessary but not sufficient, and synthesize them into a set of complete, transdisciplinary [17] 

concept and associated set of requirements that the system can be developed to: 

• Conceptual Architecture – Defines elements, actors, high level 

capabilities/activities and exchanges between activities to meet the customer’s 

Concept of Operation (ConOps), based on decision analysis. 

• Functional Architecture – Performs further functional decomposition from 

activities to lower-level system functions, identifies exchanges between functions, 
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defines system boundaries, external interfaces, and external data packages, based on 

decision analysis. 

• Logical Architecture – Defines internal logical elements/subsystem boundaries and 

allocates/aggregates functionality to logical elements. Defines internal interfaces, and 

data flows, based on decision analysis. Allows for definition/assessment of system 

use cases/threads. Note: The defined system, threads/use cases are a critical artifact 

used at a System Functional Review (SFR) for all US defense systems [18]. 

• Physical Architecture – Allocates/aggregates all functions to type (e.g., hardware, 

software, firmware, etc.) and places in logical sub-elements within each logical 

element.  Partitions logical elements/sub-elements to physical system elements/sub-

elements and performs further aggregations by common type if required (based on 

decision analysis). Final data and interface architectures are defined. 

 

These ADM steps align very closely with the ARCADIA method and Capella tool [19] which will 

be the primary tool used in the planned MBSA/SE course to synthesize system architectures, and 

students will benefit from having early familiarity with the ADM at the introductory level. 

 

Findings from [20] showing that system architecture has the greatest effect on the success of an 

engineered system, with 70% of a system’s cost and capabilities being directly attributed to how 

the system was architected (including concurrent decision analysis and requirements derivation), 

were also presented to, and discussed with the students to emphasize the importance of performing 

a proper system architecture and simultaneous requirements derivation.  

 

EMSE 1001 Introduction to Systems Analysis  

In the EMSE 1001 course, the systems engineering process was a single lecture based on the 

NASA Systems Engineering Handbook [21]. Each step in the SE process was discussed at a high 

level and mapped to the simultaneous class hands-on activity of creating a paper helicopter. To 

achieve the systems architecture learning objectives, the course materials were first updated to also 

include an “agile version” of the systems Vee (see Figure 3) to directly show the key systems 

architecture process step and how it bridges the customer’s conceptual problem space to the 

vendor’s solution space.  The 4-step ADM was also described at a high level with its importance 

to developing robust systems discussed with the students. 

 

EMSE 2801 Fundamentals of Systems Engineering  

The EMSE 2801 course consists of nine lectures which cover the Agile Systems Vee in a step-by-

step manner, and a lean manufacturing and production simulation which takes 3 class sessions.  

Like the EMSE 1001 approach, the nine EMSE 2801 lectures are paired with corresponding 

challenges that must be performed using a VEX Robot [22]. The challenges match each lecture 

topic (ConOps, architecture, requirements, design, integration & test and verification/validation).  

The students write up their findings for each prosses step with their robot, and then submit a final 

report with overall findings and lessons learned at the end of the course.  The LEGO® based lean 

manufacturing and production simulation [23] is run in a similar fashion with student teams writing 
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up recommended improvements after each simulation (6 total) in addition to taking a lean process 

quiz. 

 

Because system architecture was afforded a full lecture, the topics described under EMSE 1001 

were first repeated to reinforce the student’s high-level understanding of system architecture.  The 

EMSE 2801 course built on these fundamentals and went into deeper detail on system architecture. 

To put system architecture in perspective, it was first described that the customer’s top-level 

requirements, ConOps, constraints and value statements are necessary, but not sufficient to begin 

a system development with.  It was then described how architecture synthesis is needed to take in 

the customer’s inputs and expand upon them by working with a set of multi-disciplinary subject 

matter experts [17], developing alternative architectures, performing various decision analysis 

methods/modeling and simulation, and generating a complete set of requirements to allow the 

requirements derivation and development phases to begin.  Further, it was also discussed how there 

is a set amount of system conceptual definition that needs to be performed prior to development 

to ensure a system that meets the customer’s needs is produced.  Customers with strong systems 

staff may produce complete ConOps and requirements, which drastically reduces the workload of 

the architect. Conversely, customers without strong system staff typically produce incomplete 

ConOps (technical and support) and requirements, which puts a burden on the architecture to “fill 

in the gaps.” 

 

The students were shown the architectural synthesis process using the previously described 4 step 

ADM, on a simple example of a new house, with details below: 

• Conceptual Architecture  

–  Identification of stakeholders/entities/organizations involved in the home building 

process.  This emphasized the holistic thinking required to realize that beyond the 

actual construction staff, there are utilities, building codes, government tax 

offices, etc., which effect the new home. 

–  Identification of the ConOps and top-level capabilities performed by the home, 

and decomposing the capabilities to progressively lower level activities.  This 

emphasized how the architecture process will continue to decompose 

functionality and naturally generate functional requirements. 

–  Allocation of the activities to the Actors/Entities with their interactions defined.  

This emphasized understanding the completeness of the high-level functions 

(activities) before defining the system boundaries in the next step. 

• Functional Architecture 

–  Definition of the system boundary.  This emphasized the black box view of the 

system, defined the external interfaces and high-level aggregation of 

functionality to “in”, “out” of the system.  The importance of interface 

coordination with external elements was also discussed. 

–  One of the high-level activities (distribute electricity into all rooms) was 

decomposed into lower-level system functions, which included “ilities.” In the 

class example, safety/maintainability related requirements were defined 



8 

 

including: Provide GFE outlets near sinks, provide accessible circuit breaker 

panel, utilize standard circuit breakers, etc.  The point was made that if the 

functions are not included for both operational and support (aka “ilities”) 

elements, they will not end up in the architecture/requirements, and therefore not 

end up in the system design. 

• Logical Architecture  

–  Definition of the internal subsystems and their boundaries.  This emphasized the 

glass box [16] view of the system, defined the internal interfaces and mid-level 

aggregation of functionality into the various subsystems. 

–  The importance of identifying the system threads/use cases, mapping them into the 

logical architecture to show the flows through subsystems, and vetting these with 

the customer as an early validation activity was discussed. 

• Physical Architecture 

–  The process of allocating functions into: hardware, software, firmware, etc. as a 

function of heuristics, required functional performance, state of technology, 

decision analysis, and leverage was discussed.  Similarly, the aggregation 

(grouping) of similar functions to provide high cohesion of the co-located 

functions was shown for a bathroom sink unit.  Lastly, the partitioning of the 

aggregated functions to specific configuration items was discussed.  This 

emphasized the white box view of the system, with defined internal/external 

interfaces and exchanges defined. 

–  Further, it was discussed how system attributes such as modularity/growth, 

compliance to open standards, etc. must occur in both the system architecture 

partitioning step, as well as in the system design phase to be incorporated 

properly into the system. 

 

In the EMSE 2801 course, system architecture was also emphasized during the hands-on lean 

process simulation [23].  After each of the 6 simulation segments, the teams made process and 

plant improvements to improve their production outputs.  This facilitated a discussion on how 

production would be severely delayed if a project waited until production time to fine tune their 

production process, and how producibility (and all other ilities) need to be addressed and 

incorporated into the system architecture. Additionally, it was discussed how any production 

improvements need to be developed concurrently with the system to support optimized system 

production runs, and reduced system fielding times. 

 

The system architecture knowledge gained in the 2022 offering of the EMSE 2801 course was 

assessed in a survey, which will be described in a later section. 
 

EMSE 4190/4191 Senior Capstone I & II 

The senior capstone combines all the undergraduate curriculum learning points into a single project 

to both identify and solve a real-world problem.  While a full architecture development is typically 

not performed as part of this effort, the conceptual architecture/system thinking skills are critical 

in assessing their team’s selected system. Most students go through a detailed stakeholder analysis, 
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and also assess their selected system from a system dynamics point of view.  The capstone project 

requires the use of multiple decision analysis tools and methods to process the data required to 

solve their chosen problem and to select between alternatives.  Typical decision analysis tools 

include Matlab®, Minitab®, R-Studio, Microsoft Excel®, QGIS, Simio®, etc. Decision analysis 

methods vary project to project, but typically include methods such as system dynamics (e.g., 

causal loops, stock and flow diagrams, root cause analysis) [5], Principal Component Analysis 

(PCA) [24], Failure Mode Effects and Criticality Analysis (FMECA) [25], Input-Output analysis 

techniques [26], modeling and simulation [27], surveys (structured, semi-structured, expert 

elicitation) [28], Analytic Hierarchy Process (AHP) [29], etc.  The tools and methods (see Table 

2) are directly applicable to assessing the many required decision analysis items encountered 

during the architecture synthesis process.  
 

EMSE 6801 Systems Engineering I with Model Based System Architecting/System 

Engineering 

The MBSA/SE course will provide the students with the ability to synthesize and evaluate system 

architectures using multiple MBSA/SE tools (e.g., ARCADIA Capella [19] and a SysML based 

tool), and the ADM introduced in EMSE 2801.  Students will work on 2 projects over the semester 

to both build their proficiency with the tools and their understanding of the elements of the 

architectural development method. The students will model actual raspberry pi-based sensor 

systems which they will architect and develop as part of the course.  This is similar to the approach 

used in EMSE 2801 with the VEX robots used to provide active learning elements but will utilize 

a significantly more sophisticated sensors and system. Students will also have several requirements 

development/tracking, and modeling & simulation aspects incorporated into their projects.  

Although MBSA/SE is the initial focus of the EMSE 6801 course, a goal is to add in models from 

other domains to provide a multi-domain Model Based Engineering (MBE) environment for the 

students to develop in. 

 

EMSE Decision Analysis Courses that Supplement Systems Architecture 

The GWU Systems Engineering program evolved from an Industrial Engineering program and 

still maintains a strong decision analysis core as part of its undergraduate systems engineering 

degree.  Table 2 shows the various decision analysis tools learned, which will greatly compliment 

the system architecture learning objectives and build the students system thinking skills, which 

will aid them in addressing the novel systems they will face once they graduate [30]. 

 
Table 2.  Undergraduate Decision Analysis Courses Which Compliment System Architecture Skills 

Course Number Name SA Learning Objectives/Methods Analysis 

Tool(s) 

Used 

EMSE 2705 Mathematics of 

Operations Research 
• Linear equations/models 

• Matrix algebra 

• Least squared methods 

Excel® 

EMSE 3740  System Thinking and 

Policy Making 
• Introduction to systems thinking 

•  Introduction to systems dynamics (Causal Loops, 

Stocks and Flows, Root cause analysis, etc.) 

• Policy analysis 

Vensim® 
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EMSE 3760 Discrete Systems 

Simulation 
• Modeling of systems using discrete event simulation Vensim®, 

Simio® 

EMSE 3850 Quantitative Models 

in Systems 

Engineering 

• Introduction to analytical models 

• Solving relevant system optimization problems 

Excel®  

EMSE 3855 Critical Infrastructure 

Systems 
• Topics in critical infrastructure: asset management, 

environmental impact, input-output lifecycle analysis, 

reliability analysis, resilience, sustainability metrics, etc. 

Excel®  

EMSE 4710 Applied Optimization 

Modeling 
• Formulation and analysis of linear, network, and integer 

optimization models 

• Linear optimization theory and algorithms 

AMPL®, 

Excel® 

EMSE 4755 Quality Control and 

Acceptance Sampling 
• Acceptance sampling 

• Capacity analysis 

• Control charts 

• Design of experiments 

Minitab®, 

Excel® 

EMSE 4765 Data Analysis for 

Engineers and 

Scientists 

• Estimation, confidence intervals, hypothesis testing, 

goodness of fit 

• T-squared test, multiple linear regression, Principal 

Component Analysis 

Minitab®, 

Excel® 

 

All of the previously mentioned systems engineering and decision analysis courses emphasize 

various system architecture/systems thinking learning objectives and are bolstered by the use of 

hands-on learning activities and the concurrent incorporation of multiple decision analysis 

methods and associated tools.  The system architecture enhancements to the currently ABET 

accredited curriculum aligns it even stronger with the specified ABET Criterion 3 Student 

Outcomes, 2022-2023 shown below [31]: 

1. Ability to identify, formulate, and solve complex engineering problems by applying principles of 

engineering, science, and mathematics. 

2. Ability to apply engineering design to produce solutions that meet specified needs with 

consideration of public health, safety, and welfare, as well as global, cultural, social, 

environmental, and economic factors. 

3. Ability to communicate effectively with a range of audiences. 

4. Ability to recognize ethical and professional responsibilities in engineering situations and make 

informed judgments, which must consider the impact of engineering solutions in global, 

economic, environmental, and societal contexts. 

5. Ability to function effectively on a team whose members together provide leadership, create a 

collaborative and inclusive environment, establish goals, plan tasks, and meet objectives. 

6. Ability to develop and conduct appropriate experimentation, analyze and interpret data, and use 

engineering judgment to draw conclusions. 

7. Ability to acquire and apply new knowledge as needed, using appropriate learning strategies. 

System Architecture Knowledge Growth Survey: 

To test the premise that system architecture can be incrementally taught and understood by 

undergraduate students, a structured survey was given to the 2022 EMSE 2801 Fundamentals of 

Systems Engineering class.  The survey was given at the end of the semester, and it was explained 

to the students that this was to assess knowledge growth in the topic of system architecture for the 

purpose of future course offerings.  It was also explained that this did not affect a student’s grade, 

that there was no wrong answer, and to put the rating that first comes to mind.  As can be seen in 



11 

 

Figure 4, the students just entered their pre-course and post-course assessment of their knowledge 

level based on the following modified Likert scale: 
 

Level                                                Description        

   1 No Knowledge of Topic (Have not heard of it before or could not explain it if asked)  

   2 Basic Knowledge of Topic (Have heard of it, but would have trouble explaining it if asked) 

   3 Knowledge of topic (Have heard of it and could explain it if asked) 

   4 Strong Knowledge of Topic (Can both explain and apply it) 

 

The survey, shown in Figure 4, covers the three stated system architecture learning objectives, 

with each learning objective decomposed into four related questions placed into the survey. Each 

student used the modified Likert scale above to score their pre-course assessed competency for all 

12 questions (orange arrow), and then for the post-course assessed competency (green arrow) in 

figure 4. The 2022 class consisted of 11 students who all completed the survey. 
 

 

Figure 4.  System Architecture Knowledge Survey given to the Sophomore Fundamentals of System 

Engineering Class to Assess Pre– And Post-Course System Architecture Knowledge Level. 

                           System Architecture Knowledge Survey

Pre-Course Post- Course

   1. The System Architecture is a key elements of the System Engineering Vee process.

   2. The System Architecture defines the majority of the cost and capabilities of a system.

   3. The System Architecture evolves the customer ConOps and requirements

        to a point where the system can be developed.

   4.  The documented (or modeled) System Architecture will serve as the first

         system technical baseline.

   5. The System Architecture incorporates inputs from all "ilities" staff  (e.g. reliability,

     supportability, testability, etc.) to ensure a complete architecture is derived.

   6.  The System Architecture considers the entire system lifecycle.

   7. The System Architecture consists of four sub-architectures (conceptual, 

     functional, logical, and physical) which slowly decompose the system capabilities 

     and functionality to derive a realizable system concept.

   8. The System Architecture bridges the customer's "Problem space" to the vendor's 

     "Solution space."

   9.  Multiple trades, analysis, models, simulations, etc. are performed to synthesize 

     the System Architecture.

   10. The System Architecture process will generate many requirements which will be

     captured in the system requirements.

  11.  The final System Architecture is reviewed by all stakeholders.

  12.  The System Architect (and all Systems Engineers) maintain the "Conceptual 

     Integrity" of the system.

The following section assesses your level of understanding on System Architecture both before taking this class and now that you have 

taken the class.  The scoring with descriptions are shown below.  Please indicate the score for each statement in both the Pre-course 

(prior to taking this course), and Post-course (after taking this course) in the boxes below.   

  

           Level                                                             Description                                                                                                     

               1                 No Knowledge of Topic  (Have not heard of it before or could not explain it if asked)                                                                                                                                                                                                           

               2                 Basic Knowledge of Topic (Have heard of it but would have trouble explaining it if asked)                          

               3                 Knowledge of topic (Have heard of it and could explain it if asked)

               4                 Strong Knowledge of Topic  (Can both explain and apply it)  



12 

 

The mapping of the lower-level questions to the system architecture learning objectives and survey 

results are shown in Table 3.  Average scores for each question (yellow columns), each learning 

objective (blue columns) and average score over all questions are shown for both pre- and post-

course assessed competencies using the described modified Likert scale.  As could be expected at 

the Sophomore level, the students pre-course average score over all architecture questions of 1.26 

indicates that most students had never heard of system architecture prior to the class with some 

having heard of it before, but not the ability to explain it (note: the EMSE 1001 course was not 

updated for these students prior to their freshman year). 

 

After enhancing the system architecture content in the EMSE 2801 course as previously described, 

the students assessed their post-course knowledge at an average score over all architecture 

questions of 2.83. This indicates that the student’s understood the importance of system 

architecture and could mostly explain why if asked but did not have the ability to apply their 

knowledge and perform the architectural synthesis of a system.  This is the motivation for the 

EMSE 6801 MBSA/SE course to further reinforce student’s systems architecture knowledge and 

to have them use MBSA/SE tools to architect systems and advance their systems architecture 

competency. 

 
Table 3.  Summary of Findings for the System Architecture Knowledge Level Survey 

 

System 

Architecture 

Learning Objectives

Survey Question

Avg. Score 

Prior to Taking 

Course

Avg. Score 

After Taking 

Course

Avg Category 

Score Prior to 

Course

Avg Category 

Score Post 

Course

   1. The System Architecture is a key elements of the 

System Engineering Vee process.
1.27 3.00

   2. The System Architecture defines the majority of 

the cost and capabilities of a system.
1.09 2.91

   3. The System Architecture evolves the customer 

ConOps and requirements to a point where the 

system can be developed.

1.09 3.09

   8. The System Architecture bridges the customer's 

"Problem space" to the vendor's "Solution space."
1.18 2.64

   4.  The documented (or modeled) System 

Architecture will serve as the first system technical 

baseline.

1.18 2.55

   7. The System Architecture consists of four sub-

architectures (conceptual, functional, logical, and 

physical) which slowly decompose the system 

capabilities and functionality to derive a realizable 

system concept.

1.09 2.82

   9.  Multiple trades, analysis, models, simulations, etc. 

are performed to synthesize the System Architecture.

1.55 2.64

  10. The System Architecture process will generate 

many requirements which will be captured in the 

system requirements.

1.36 2.91

   5. The System Architecture incorporates inputs from 

all "ilities" staff  (e.g. reliability, testability, etc.) to 

ensure a complete architecture is derived.

1.27 2.73

   6.  The System Architecture considers the entire 

system lifecycle.
1.18 3.18

  11.  The final System Architecture is reviewed, 

verified and validated by all stakeholders.
1.36 2.82

  12.  The System Architect (and all Systems Engineers) 

maintain the "Conceptual Integrity" of the system

1.45 2.64

Avg. Score all Categories: 1.26 2.83

2.73

2.84

1) Importance of system 

architecture in creating 

effective systems

2) How outputs of 

system architecture 

seed system 

development

3) How architecture is 

transdisciplinary and 

considers the customer’s 

needs and system 

lifecycle

1.16

1.30

1.32

2.91
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Conclusion: 

This paper detailed an approach of teaching the important topic of system architecture at the 

undergraduate level.  The approach was centered on expanding the system architecture content in 

existing classes, combined with active learning elements, to rigorously present the key system 

architecture learning objectives of: 1) the importance of system architecture in creating effective 

systems, 2) how outputs of system architecture seed system development, and 3) how architecture 

is transdisciplinary and considers the customer’s needs and system lifecycle. Details of the 

implementation into 5 current undergraduate courses in George Washington University’s Systems 

Engineering degree program were described, along with a description of a new Model Based 

Systems Architecture/Systems Engineering (MBSA/SE) course which will give students hands on 

architecture experience using MBSA/SE tools and methodologies to architect a complex system. 

These skills, when combined with the multiple data analytics/decision analysis courses mentioned, 

will produce systems engineers with a thorough understand of what system architecture is and its 

importance in complex systems. This approach was validated by a survey performed on the 

Sophomore EMSE 2801 Fundamentals of System Engineering course which showed knowledge 

growth from little to no knowledge of the 3 system architecture learning objectives prior to the 

course, to strong basic knowledge of the learning objectives after the course.  The survey will be 

given in the future to the other undergraduate courses discussed to define the student’s total 

knowledge growth over time, and alignment with the stated objectives. Although the novel element 

presented herein is the introduction of system architecture into an undergraduate education, the 

methodology described can be extended into other domains, as it has been for general systems 

thinking, another key element of system architecture. 
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