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Leveraging Active Learning Techniques to Teach
Model-Based Systems Engineering

Abstract

To be successful, Model Based Systems Engineering (MBSE) requires the coordinated
application of an appropriate modeling language and methodology within a suitable tool. The
language, methodology and tool chosen to support MBSE depends on the specific aims of the
engineers. Teaching MBSE, therefore, presents the challenge of simultaneously instructing
students in three distinct but interdependent concepts: the application of the systems engineering
process, the expression of systems concepts in a rigorous modeling language, and the
construction and analysis of system models using modeling tools. At the University of Arizona,
MBSE is taught through the application of the Systems Modeling Language (SysML) v1.6 and a
simplified version of the Object-Oriented Systems Engineering Methodology within the ‘Magic
System of Systems Architect’ tool. Following recommendations from professional engineering
associations, active learning practices are becoming increasingly applied to engineering
education. Active learning refers to a teaching and learning approach where students actively
engage in the learning process through various activities, discussions, and problem-solving tasks,
rather than passively receiving information through lectures or traditional instruction. In this
paper, we present various graduate-level approaches that leverage active learning techniques to
support the teaching of MBSE. We highlight effective teaching approaches such as student
modeling assignments, discussion sessions, adapting to online learning constraints, and
emphasizing vendor-specific resources. We present a semi-flipped classroom teaching style, a
closed-loop approach to feedback, and ways in which inherent motivation can be fostered by
emphasizing authenticity, ownership, and community. The paper underscores the importance of
fostering student engagement, critical thinking, and proficiency in MBSE practices. We also
review the challenges of implementing these techniques in a hybrid classroom setting, present
lessons learned based on feedback from the cohort, and discuss how the teaching of MBSE can be
further improved using active learning techniques and modern technology. It is the authors’
intention that other MBSE instructors may consider and implement some of the teaching
techniques discussed in this paper.

1 Introduction

Model-Based Systems Engineering (MBSE) is the formalized application of modeling to support
system requirements, design, analysis, optimization, verification and validation*?. It has often
been claimed that successful adoption of MBSE within a complex systems engineering project



can lead to benefits regarding schedule and cost - though the extent of these benefits can be
difficult to quantify”. To be successful, MBSE requires the coordinated application of an
appropriate modeling language and methodology within a suitable tool. The language,
methodology and tool chosen to support MBSE depends on the specific aims of the
engineers.

The most common language used by MBSE practitioners is the Systems Modeling Language
(SysML)*. While incremental versions of the SysML v2 pilot implementation continue to be
released”, SysML v1.6 remains the de facto modeling language and is widely accepted and used
in industry and academia for interdisciplinary modelling®. Unlike SysML v2, SysML v1 is based
on the Unified Modeling Language (UML), and therefore requires an understanding of
object-oriented modeling principles. Multiple software tools are available that support SysML v1,
each with their own strengths and weaknesses”.

In their 2018 review of the state of MBSE, Madni et al. claimed that “MBSE is still in the early
stages” but acknowledged that ““several ongoing research efforts in academia, government and
industry are maturing the MBSE approach™®. Indeed, a 2020 study into the adoption of MBSE
within Airbus Space highlighted multiple “cultural and technical hurdles” on the road to
widespread MBSE adoption in industry?. As engineering technology continues to evolve and
MBSE implementation strategies are refined, engineering education has a responsibility and an
opportunity to evolve in parallel'®. One of the main purposes of higher engineering education is
to prepare engineering students for roles in industry!?. It has been argued, however, that this is
often not achieved'*!#, A 2017 study claims that there has been a continuous background concern
that “engineering programs inadequately prepare students for the professional world”'#, This is
particularly true for particular technical skills such as systems design'® and non-technical skills
such as communication and collaboration#,

In order to address this, active learning practices are becoming increasingly applied to
engineering education>1®, Active learning refers to a teaching and learning approach where
students actively engage in the learning process through various activities, discussions, and
problem-solving tasks, rather than passively receiving information through lectures or traditional
instruction”. In particular, active learning techniques have been recommended by professional
engineering associations such as the European Society for Engineering Education (SEFI) and the
Active Learning in Engineering Education (ALE) network, political organisations like UNESCO,
and national and international accreditation organisations of programmes like Accreditation
Board for Engineering and Technology (ABET) and European Network for Accreditation of
Engineering Education (ENAEE)',

In this paper, we present various graduate-level approaches that leverage active learning
techniques to support the teaching of MBSE. We provide an overview of the content and structure
of the ‘Model-Based Systems Engineering’ course offered at the University of Arizona (UA). We
then highlight effective teaching approaches such as student modeling assignments, discussion
sessions, adapting to online learning constraints, and emphasizing vendor-specific resources. We
present a semi-flipped classroom teaching style, a closed-loop approach to feedback, and ways in
which inherent motivation can be fostered by emphasizing authenticity, ownership, and
community. We present feedback that has been gathered from the cohort, and review the
challenges of implementing these techniques in a hybrid classroom setting. We also present



Table 1: ‘Model-Based Systems Engineering’ Learning Outcomes
No.| Learning Outcome
1 Identify how system engineering concepts can be expressed in a system model.
2 | Describe how MBSE can both compliment and challenge the traditional systems
engineering approach.
3 | Choose an appropriate scope, define the purpose, and define the approach for a
systems engineering project intended to leverage MBSE.
4 | Describe the intent of SysML using the ‘4 Pillars’ rubric.
Construct and interpret semantically consistent SysML models.
6 | Critique a project’s implementation of MBSE as captured in a SysML model.

o)1

lessons learned based on feedback from the cohort, and discuss how the teaching of MBSE can be
further improved using active learning techniques and modern technology. The paper underscores
the importance of fostering student engagement, critical thinking, and proficiency in MBSE
practices.

2 ‘Model-Based Systems Engineering’ Course Overview

The ‘Model-Based Systems Engineering’ course takes place over 15 weeks and is split into three
modules. There are two classes each week, and each class has a duration of 1h15m. The course
learning outcomes are presented in Table|l{and the course structure is displayed in Table 2| The
course is open to senior undergraduate and graduate students. This paper focuses on the delivery
of the course during the spring semester of the 2023 academic year. In 2023, the course was
offered as a hybrid course - students were able to attend in person (the class was hosted in a small
classroom setting) or online over Zoom. There were 44 registered students, and attendance was
split approximately equally between in-person and offline over the duration of the course.

To successfully apply MBSE, it is necessary to select an appropriate language, tool and
methodology. In this course, students are taught to use SysML v1.6. Students are strongly
encouraged to use the DS Catia product ‘Magic System of Systems Architect’, but they may use
another appropriate tool if they have can provide a suitable reason (e.g., a student may use
Enterprise Architect throughout the course if they have an internship at a company that uses
Enterprise Architect). All 44 students registered for the 2023 offering of this course selected
‘Magic System of Systems Architect’. The course structure outlined in Table [2| approximately
followed the Object-Oriented Systems Engineering Method (OOSEM) as outlined in'?.

Throughout the course, students are expected to apply what they are learning as they develop a
model of a system of their choice. At the end of each module, students are required to submit a
modeling assignment (MA) incorporating what they have learned. Each MA is to be completed
individually and requires the submission of one SysML model to be graded against a set of
predefined criteria (these criteria are made available to the students). MA2 and MA3 build on the
previous MAs, and part of the students’ grade is dependent on how well they incorporate the
feedback they have received in previous assignments. Over the course of these MAs, students
work through a typical systems engineering process from needs and requirements elicitation,
through functional and logical design, to analysis and verification.



Table 2: ‘Model-Based Systems Engineering’ Course Structure
Week Module Topic Assignment Due

0 Course introduction and rationale

1 SysML overview

2 1 Establishing a system need

3 Establishing a system context

4 Elaborating stakeholder goals Modeling Assignment 1
5 Modeling system structure

6 Parametric modeling

7 2 Modeling and allocation of activities

8 Modeling states and state machines

9 Modeling flow Modeling Assignment 2
10 Modeling interconnection and interfaces

11 Structuring a system model for useability

12 3 Introduction to architecture and allocation

13 Role of SysML in IDEs

14 Transitioning to MBSE

15 Extending SysML v1 (profiles) Modeling Assignment 3

The purpose of Module 1 is to encourage students to consider the problem or need that their
system will address, rather than the system itself (i.e., the solution), and to teach students how to
model this information using SysML. This is not often taught in undergraduate engineering
curricula. The key aspects of this module are concept/problem definition, system boundaries, and
user goals. At the end of Module 1, students are expected to submit a proposed ‘Mission Needs
Statement’ (MNS) to be approved by the instructor. This will provide the basis for the three MAs.
The criteria against which MA1 is graded include model organization, system context (black
box), mission needs statement, mission requirements, and mission level use case analysis.

The purpose of Module 2 is to teach students the distinction between functional and logical
modeling, and the importance of both. For the submission of MA2, students are expected to have
incorporated feedback received from MAT1. As their models become increasingly complex, they
are graded on continued model organization and consistency. They also need to demonstrate an
understanding of activity modeling, state machine modeling, system structural modeling,
parametric modeling, and traceability between the system and the requirements.

The purpose of Module 3 is to develop a more comprehensive understanding of system structure
and how it can be modelled using internal block diagrams, ports and connectors. For MA3,
students are expected to incorporate feedback from MA?2 while demonstrating an understanding
of requirement traceability and consistency, the relationship between state machines and
activities, and interface management. To demonstrate the cohesive nature of their model, students
must demonstrate at least one executable analysis that can be solved using the ‘Cameo Simulation
Toolkit’ plugin.

Students are also expected to participate in discussions on an online discussion board. The
instructor provides one prompt per module. Students have the option to start a new thread or



respond to the responses of other students. An example of a prompt is as follows:

Please respond to both questions below. Feel free to build on other students responses, or start a
new thread if necessary.

1. Block definition diagrams (bdd) and internal block diagrams (ibd) seem to convey the same
model information, and some critics of SysML have claimed that they are redundant. Do
you agree or disagree? Please justify your answer.

2. Reference properties can be used to model cross-cutting hierarchies that correspond to
specific subsystems, such as electrical (power), mechanical, security, etc. Discuss how you
would organize a model to include these subsystem definitions.

Students may also complete online quizzes throughout the course for extra credit. This provides
the students with an opportunity to recover from a low grade on a modeling assignment. Students
are free to retake these as many times as they like. Scoring 75% or greater on all quizzes before
the final submission deadline earns the student an additional 15% on their grade. 37 of the 44
enrolled students were graduate students. Graduate students are required to complete an
additional assignment in which they grade an anonymized MA3 submission from a previous
cohort. A summary of the grading structure for this course is provided in Table [3]

Table 3: ‘Model-Based Systems Engineering’ Grading Structure

Assignment Requirement Total Points Total Points
(Undergrad) (Grad)

Mission Needs Statement  mandatory 10 10
Discussion mandatory 40 40

MAI1 mandatory 50 50

MA2 mandatory 50 50

MA3 mandatory 50 50

Model Review mandatory (grad only) 0 30

Quizzes optional 30 30

Total (n/a) 200 230

3 Active Learning Techniques

Students benefit from a wide range of learning styles. Accordingly, it has been recommended that
instructors incorporate a range of teaching styles in their classroom®?’, The ‘Model-Based
Systems Engineering’ course offered by UA incorporates multiple teaching styles and techniques,
including:

* Instructional: instructors present terms and concepts in a traditional classroom style
* Examples: instructors present examples of how these concept can be applied
* Interactive demonstrations: all member of the classroom work together to develop a model

* Discussions: students participate in discussion regarding a particular modeling topic



+ Identify desired learning outcomes 1

5 Identify assessment evidence

* Identify/plan instructional aclivilics}

Figure 1: Backwards design approach, reproduced from?!

* Independent study: students are encouraged to work outside of the classroom (alone or in
groups)

In this section, we describe how we have structured the course to leverage these different teaching
styles.

3.1 Backwards Design

The Backwards Design approach to teaching can be described as follows: “learning outcomes are
identified first, the evidence of how achievement of the results will be assessed is determined
second and, finally, the learning activities and instruction methods are planned, with the main
priority being the students’ engagement through active learning”". This can be implemented in a
classroom using the ‘Understanding by Design’ framework*. This approach has been
summarized in Figure (1, reproduced from*!.

An abridged summary of the backwards design approach to the ‘Model-Based Systems
Engineering’ course is presented in Table[d The required learning outcomes of the course have
informed the assessments, which have in turn have informed the instructional activities in terms
of both content and learning style. One of the main benefits reported in the literature with regards
to this approach is that the clear structure helps to motivate students=®. Students are provided with
a clear line-of-sight from the content they are being presented with, through the activities in
which they are participating, to the ultimate goals of the course.

This approach is supported by clearly stating the expected learning outcomes of each class at the
beginning of the session. Our aim for each week is to define three learning outcomes that span
Bloom’s taxonomy“Y, An example is provided below, where three learning outcomes have been
defined for Module 2, Week 7:

¢ “Understand how activities use actions, nodes and flows to define behavior”
* “Apply swimlanes to allocate behavior”

* “Create an ‘act’ (schematic diagram) to model your system behavior”



Table 4: Summary of backwards design approach to MBSE course

Learning Outcome LAssessment LContent LLearning Style
Understand the | Discussion Examples from indus- | Presentation, discussion
value and limita- | questions try and academia
tions of MBSE
Practical applica- | Develop  a | Requirements elic- | Presentation, interactive
tion of MBSE to a | requirements | itation, modeling, | demonstration, modeling
project model traceability assignment
Develop a | Use case elucidation | Presentation, interactive
use case | and modeling demonstration, modeling
model assignment
Develop a | Black box and white | Presentation, interactive
structural box, interactions and | demonstration, modeling
model flows assignment
Develop a | Activities, states, se- | Presentation, interactive
behavioral quences demonstration, modeling
model assignment

3.2 Flipped Classroom

The instructional activities defined to support the assessments and learning outcomes identified in
the previous section can also be structured according to the Flipped Classroom approach. The
flipped classroom approach advocates moving easier tasks that can be completed independently
(e.g., introductory reading) outside of the classroom, saving class time to work on more
challenging problems regarding the application of the knowledge. This contrasts with a traditional
approach in which content is presented during the class, and students are expected to complete
example problems as homework. The most frequently reported advantage of the flipped
classroom is the improvement of student learning performance*. However, a major challenge of
the flipped classroom approach is inadequate student preparation prior to class®*.

To address this challenge, a semi-flipped approach to class structure was adopted. This is
presented in Table[5| where it is also compared to a traditional classroom setting and a fully
flipped approach. This approach leverages the fact that there are two classes per week to
overcome the issue of inadequate student preparation. The first class of each week focuses on the
delivery of the relevant concepts in a presentation style. During this class, attention is also drawn
to ‘real-world’” examples from industry and academia. The second then puts the relevant concepts
into practice with a modeling demo that the students can follow along with. The demonstration is
interactive, and students are encouraged to offer modeling suggestions. Often, there is no single
‘correct’ modeling solution. Students are encouraged to discuss and justify certain modeling
decisions. The instructor is there to guide the modeling process and offer input only when
required to keep the discussion and modeling process moving.



Table 5: Summary of semi-flipped classroom approach

Approach

L Before Class

L Class 1

L Class 2

L After Class

Traditional ap- | n/a Introduction to concepts Problems (as
proach homework)
Flipped  ap- | Introduction to Problems Further explo-
proach concepts ration
Semi-flipped | Introduction Introduction to | Interactive | Assignments
approach to  concepts | concepts (ex- | demonstra-

(reading) amples) tions

3.3 Fostering Motivation

One of the major considerations when structuring the ‘Model-Based Systems Engineering’ course
was the fostering of student motivation. Student motivation can be extrinsic (e.g., reward-based)
or intrinsic (from within)4>. It has been reported that intrinsic motivation leads to better long-term
learning than extrinsic motivation®. That is to say, fostering an inherent desire to learn the
material is more effective than the promise of reward (e.g., a good grade) or the threat of penalty
(e.g., extra homework). Multiple techniques have been identified that can be used to foster
intrinsic motivation*2%®, We list some of these below, and discuss how we have employed them in
this course.

e Community (i.e., the classroom is treated as a learning community)

* Autonomy (i.e., students are allowed autonomy in their work)

Authenticity (i.e., assignments are representative of how they might look in the ‘real world”)

* Purpose (i.e., the skills being developed are relevant and are required in potential future
roles)

Lower stakes (i.e., participation is encouraged with ‘low-stakes’ assignments)

We have attempted to foster a sense of community in multiple ways. The required Discussion
posts provide a convenient way in which all students can introduce themselves and their projects.
Students are also required to discuss statements, such as the example presented previously. As
previously described, the interactive demonstrations that take place during the second class of the
week are intended to be collaborative. Indeed, the instructor is there primarily to facilitate the
discussion - the decision-making with regards to the modeling is led by the students through
modeling suggestions and discussion. As defined in Table |2 graduate students are also required
to grade models submitted by peers. The goal of these activities is to encourage an atmosphere of
collaboration where students mutually benefit from feedback and discussions with their

peers.

To create a sense of autonomy, students are free to choose the subject of their modeling
assignments. The first assignment requires students to define a ‘Mission Needs Statement’
(MNS). This MNS is reviewed by the instructors to ensure it is a suitable foundation for the
coming assignments, and therefore some modifications may be recommended, but ultimately



students may are able to propose a problem (and thus develop a solution) that they are genuinely
interested in and knowledgeable about. As all subsequent modeling assignments build on
previous assignments, students are able to explore this area of interest in increasing detail
throughout the course.

Authenticity and purpose have been demonstrated to the students through regular use of examples.
In each module we include relevant examples of SysML models that have been developed to
support real projects. Examples include the Large Synoptic Survey Telescope (LSST)%? and the
Radio Aurora Explorer (RAX) cubesat mission". We show practical examples of recent work
where the concepts that they are learning are being used. To further emphasise the importance of
the subject and the need for skilled systems engineers, we also include examples of where
systems engineering can go wrong. A typical example is the Mars Climate Orbiter™!, which
ultimately crashed onto the surface of Mars in 1999 due to a mismatch of units between the
contractor (NASA) and the supplier (Lockheed Martin). This example is particularly useful as
Edward Weiler, NASA associate administrator for space science, was quoted as saying the
following: “People sometimes make errors. The problem here was not the error; it was the failure
of NASA’s systems engineering, and the checks and balances in our processes, to detect the error.
That’s why we lost the spacecraft”?. Furthermore, all modeling assignments build on previous
assignments in a way that more accurately reflects a typical systems engineering process than a
collection of isolated tasks.

Lowering the stakes encourages student participation by providing a low-risk incentive to
contribute to the learning environment. The Discussion posts are graded - but students need only
contribute to a discussion to receive the full grade. The content of the discussion post itself is not
graded. As the modeling assignments progressively build on the assignments that have gone
before, students have the opportunity to correct previous mistakes for extra credit, thus lowering
the stakes for each individual assignment. Students also have the opportunity to complete online
quizzes to demonstrate understanding of the concepts being taught. These are optional, but
students may attempt these as many times as they like.

3.4 Assessment and Formative Feedback

In this section, we consider the modeling assignments - and particularly the approach to
assessment and feedback - in more detail. In“?, the following claim is made: “people learn new
material most effectively when they perceive a clear need to know it in order to solve a problem or
meet a challenge”. Problem-based learning is an approach to leverage this by providing students
with a significant problem that students gradually attempt to solve as they increase their
knowledge of the relevant domain and improve their skills. Project-based learning is a similar but
less instructional approach®. These approaches are particularly well-suited to engineering
students***¥ who tend to appreciate its emphasis on group work and problem solving=*. Taking
this a step further, the following claim is made in®>: “the use of project-based learning as a key
component of engineering programs should be promulgated as widely as possible, because it is
certainly clear that [this] would be welcomed by students, industry and accreditors alike”.

The progressive modeling assignments required of the students enrolled in the ‘Model-Based
Systems Engineering’ course have aspects of both ‘problem-based’ and ‘project-based’ learning.



Students are presented with a significant problem at the beginning of the course - in fact, they
choose it themselves in order to foster a sense of ownership and intrinsic motivation. As they
progress through the course and learn new modeling concepts, they are able to do so with a
particular problem in mind. In accordance with the claim made in?", they have a “clear need to
know it”. Students will need to know incorporate all of the knowledge and skills they develop
throughout the course to adequately address the problem they have identified.

With regards to assessment, students are provided with a SysML-based rubric that clearly states
the modeling criteria that need to be met in order to achieve a particular grade for each modeling
assignment. Students are encouraged to import these rubrics into their model as they progress
through the course, and manually add ((satisfy)) relations between the criteria and relevant model
elements as they develop their model. Not only does this provide a convenient table for
instructors to reference during grading, it provides a way in which students can actively consider
the criteria that their models must fulfill in order to receive the highest grades. This degree of
transparency is a key aspect of the Backwards Design approach.

A crucial part of the assessment process is the provision of detailed feedback from the instructors.
The benefits of formative feedback have been firmly established“®. It has also been claimed in*’
that: “encouraging self-reflection on strengths and weaknesses is an essential factor in training
reflective practitioners”. By providing detailed feedback, students have the opportunity to reflect
and implement changes based on the feedback they have received. This is explicitly encouraged
as one of the criteria in each modeling assignment rubric is the “response to instructor

feedback”.

3.5 Mental Models

It has been shown that diagrams, and particularly simple diagrams, support students in factual
learning“®. This can be applied to a course syllabus - a visual representation of the course content
and structure can help students to “grasp key information about a course”<?.

In this course, therefore, we use diagrams to support the textual syllabus. At the beginning of
every class we present the diagram shown in Figure [2] but with the relevant models and diagrams
highlighted. In the case shown in Figure [2] we are in Module 2, Week 7 (see Table[2)), and are
focused on the use of activity diagrams and block definition diagrams to visualize activity
models.

4 Feedback from Students

At the end of the course, students were encouraged to submit an anonymous survey regarding
their experience of the course. Students were asked to rate multiple statements related to their
experience on a Likert scale of 1 to 5 (1 = strongly disagree, 5 = strongly agree). 14 of the 44
students enrolled in the class responded. Relevant statements and their scores are presented in
Table 6l

The results of the survey indicate that the majority of students were satisfied with the way in
which the course was delivered. The survey focused on ascertaining student satisfaction with
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Figure 2: Syllabus diagram relevant to Module 2, Week 7

regards to the learning objectives, the balance of content delivery and interactive demonstration,
and the relevance of the knowledge and skills they were practicing.

As part of this anonymous survey, students were also encouraged to state what they liked about
the course, and any suggestions they may have to improve the way this course is taught. A
selection of positive quotes is provided below:

* “Iliked that we had an application final instead of a knowledge based final. I think that
helps with learning the tool.”

* “I liked the example models shown and how diverse other models in the class were, I didn’t
realize how applicable MBSE could be in so many areas.”

¢ “There was a lot of constructive feedback.”
* “It is practical with helpful feedback.”

¢ “Great feedback.”

* “I enjoyed the chance to apply the key concepts of the course to a personalized project I

chose. This motivated me to apply what I learned in class and practice my critical thinking
skills.”

* “Clearly structured course material.”

A selection of suggestions to improve the course are provided below:



* “Rubrics were not clear, felt like students, Teaching Assistants, and instructor all
understood different things.”

» “I did feel like earlier lectures were redundant and more in depth concepts later on weren’t
covered as well.”

* “More examples that cover more scenarios.”
* “Maybe do more demos.”

* “Maybe do simpler demos, where students are encouraged to follow along and/or
complete.”

Table 6: Summary of student feedback in the form of Likert scores
(1 = strongly disagree, 5 = strongly agree)

Statement Mean
Likert
Score
I was encouraged to participate in class activities, projects, and/or assignments. 4.71

This part of the course expanded my knowledge and skills in this subject matter. 4.79
I was encouraged to analyze and/or apply the concepts and skills taught in this part | 4.79
of the course.
The learning goals for this part of the course were clear to me. 4.57
This part of the course helped me to connect the concepts and skills we learned to | 4.71
the world around me.
I received feedback on my coursework and/or assignments that helped me learn. 4.79

5 Discussion and Future Work

We are not claiming that the approaches presented in this paper have resulted in the optimal
‘Model-Based Systems Engineering’ course. Rather, we have presented the approaches that we
adopted for this course, and our justification for adopting them, in order to provide other
instructors with a list of considerations that they may wish to review in the context of their own
engineering courses. We have attempted to highlight what did and did not work well in the
context of our course. Clearly, therefore, there are opportunities to develop this work further. We
discuss some of them in this section.

The feedback from students has highlighted some areas of the course that require further
improvement. Demonstrations should range both in difficulty (i.e., simple models to complex
models) and in application (e.g., spacecraft, automotive, sociotechnical). The modeling
assignment rubrics may be reviewed and revised to ensure that they are unambiguous. However,
while the Likert scores summarized in Table [ suggest a good degree of student satisfaction, there
is no control to which we can compare. This means that we are not able to use this information to
determine whether these approaches have improved student performance in the class.
Furthermore, only highly satisfied students may have been motivated to respond to the survey,



while dissatisfied students may not have been willing to provide feedback. Future work may
address this by continuing to review the satisfaction of the students as the course is
developed.

We have highlighted some of the active learning techniques that require further attention. We
have implemented a semi-flipped approach to the class. This means that we do not expect students
to complete introductory reading prior to class so that we can focus on demonstration in the class.
The result is that we structure the first class of the week as a traditional lecture-style class, while
the second involves an interactive demonstration. A fully flipped classroom would reserve all
class time for the interactive demonstrations. In their feedback, a greater number of interactive
demonstrations is something that the students repeatedly said that they would like. Future
iterations of this course may reconsider the fully flipped classroom approach.

One of the recurring themes of the feedback was that students would have liked to have seen more
demonstrations of this kind. This observation has also been recorded by other investigations of
engineering education®”. The feedback provided to students and the opportunity to make
corrections based on it was clearly appreciated. While the goal of the rubric was to provide a clear
set of criteria that the students could aim to meet, the feedback suggests that these rubrics
themselves could have been made clearer.

There were also practical considerations with regards to the deployment of many of the active
learning techniques. The course was split with approximately 50% of students online and 50% of
students attending in person. In-person participation sometimes came at the cost of the online
students, who found it difficult at times to keep up with the discussion in class — particularly if the
discussion was taking place between two students in the classroom. This needs to be considered
when developing active learning strategies for a hybrid classroom.

One possible direction for future development of this course is the development of a model-based
validation suite to support grading. Students would be encouraged encouraged to employ this
suite within their model to flag wellformedness errors before each modeling assignment
submission.

As digital engineering technologies continue to be developed, the implementation of this
technology into the engineering curriculum needs to be considered in more detail. Research
exploring these possibilities is currently underway*!

6 Conclusion

In this paper, we have described how active learning techniques can be leveraged to support
teaching in a ‘Model-Based Systems Engineering’ course. The goals of this paper have been to
identify possible techniques that instructors of similar courses may wish to implement, to
highlight their justification in the literature, and to note any other considerations that we believe
may be useful. We have also documented our experience as we attempted to implement these
techniques in our course and have recorded the feedback we received from students. Using class
time to focus on interactive modeling demonstrations rather than the delivery of course content
was particularly well-received. Similarly, the students appreciated the provision of formative
feedback and the opportunity to implement corrections based on that feedback. Future work will



consider how to ascertain more robust feedback from students, and will aim to clarify the rubrics
and align them more closely with the learning outcomes.
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