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Abstract. According to the literature, previous research on systems engineering education and

curriculum design focused on the nature of the knowledge to be taught, and tended to ignore
pedagogical issues. This paper:








Presents some of the results of research and development into both the knowledge requirements for, and pedagogy of, teaching and learning in postgraduate classes in systems engineering, project management and innovation management, lasting from
1998 to 2015.
Focuses only on the pedagogy.
Suggests that instead of adopting a single technique such as the “flipped classroom”
an Authentic Learning Environment or games/simulations, a number of teaching
techniques (subsystems) should be used together in an interdependent manner blending them to enhance the learning experience in the classroom (the system).
Describes a balanced classroom, a system which mixes a number of previously tested
teaching and learning subsystems in a synergistic manner.
Concludes with a brief summary of the results of using the balanced classroom in
three different classes at the National University of Singapore (NUS) in 2013 and
2014.

The contributions of the balanced classroom to teaching and learning are:
1. It is the first time that all the subsystems have been used (integrated) together interdependently as a system.
2. It overcomes the major defects in the ‘flipped classroom’.
Keywords: systems engineering education, systems integration, balanced classroom, problembased learning, flipped classroom, activity based learning, authentic assessments, an Authentic Learning Environment.

1 Introduction
“The purpose of systems engineering education is to shorten the time needed to become a sys-

tems engineer. In the past, engineers became systems engineers 1 after 10-25 years of practical experience. The challenge is to shorten this to 5-10 years” (Enger, 2012). This paper:
1.

1

Discusses a part of applying systems engineering to the problem of optimising post-

Lead or Chief systems engineers who can supervise and mentor junior systems engineers working on complex
projects.
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graduate education pedagogy to meet Enger’s challenge for part-time mature students.
2. Focuses on pedagogy not the knowledge being taught.
Accordingly, Section 2 summarizes some of the requirements for the balanced classroom
developed during the research. Section 3 summarises the research and development leading
up to the balanced classroom. Section 4 describes the architecture of, and subsystems in, the
balanced classroom. Section 5 outlines how the balanced classroom is used covering the three
parts of each session. Section 6 shows how the three types of content free knowledge are incorporated into the balanced classroom. Section 7 shares some of the results using the balanced classroom in three different classes at NUS in 2013 and 2014. Section 8 summarises
the paper. Section 9 contains some conclusions. Section 10 contains some ideas for further
follow on research. The contributions of the balanced classroom to teaching and learning are:
1. It is the first time that all the subsystems have been used (integrated) together interdependently as a system.
2. It overcomes the major defects in the ‘flipped classroom’.
The starting point for the research was the typical experience-based class. After much reflection of the author’s classes and others he audited as a program director and interested participant, in general the knowledge content of a class was based on a combination of:
1. A textbook based on the author’s knowledge and experience, in most cases written
from a single perspective.
2. The instructor’s experience as a practitioner2 which augmented the text book.
3. Occasional readings from conference papers and other textbooks.
The content was generally stand-alone in that it lacked the anchor points to existing
knowledge in other classes in the degree program and did not place the knowledge in context.
As a result, the author’s impression was that the learning experience was less than it could be,
namely:



Students who understood the topic at the start of the class, understood it better at the
end of the class.
Students who didn’t understand the topic at the start of the class, didn’t understand it
less at the end of the class.

And it was this undesirable situation that prompted the research into increasing the effectiveness of postgraduate teaching and learning in systems engineering.

2 Requirements for the balanced classroom
Earlier research developed requirements for the pedagogy of the class (Kasser, 2007a). This
section summarizes the updated requirements and the reasons for the requirements, namely:
1. The pedagogy of the class shall provide industry and government with a pool of
skilled personnel for the acquisition and maintenance of the systems that underpin 21st
century civilization as discussed in Section 2.1.
2. The pedagogy of the class shall provide students with the opportunity to exercise the
five top aspects of the engineering design process that best equip secondary students
to understand, manage, and solve technological problems (Wicklein, et al., 2009) as
discussed in Section 2.2.
3. The pedagogy of the class shall use the most effective teaching and learning approach
as discussed in Section 2.3.
2

For those classes where the instructor had work experience.
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4. The pedagogy of the class shall produce Type V systems engineers (Kasser, et al.,
2009) and project managers as discussed in Section 2.4.
5. The pedagogy of the class shall assess the cognitive skills of the students including
the degree of critical thinking as discussed in Section 2.5.
6. The pedagogy of the class shall maximise student attention span as discussed in Section 2.6.
7. The pedagogy of the class shall teach the three types of propositional knowledge discussed in Section 2.7.
8. The pedagogy of the class shall provide the students with the opportunity to exercise
the higher level skills and competencies discussed in Section 2.8.
9. The pedagogy of the class shall include real world scenarios to provide an experience
component as discussed in Section 2.9.
2.1 A pool of skilled personnel
Industry and government require a pool of skilled personnel for the acquisition and maintenance of the systems that underpin 21st century civilization (Kasser, 2007b). These personnel:




Are competent, skilled and knowledgeable systems engineers and project managers
capable of effectively working on various types of complex multi-disciplinary integrated systems in different application domains, in different portions of the system
lifecycle, in teams, alone, and with cognizant personnel in application and tool domains.
Have a firm foundation based on three legs:






Systems engineering: knowledge of systems engineering processes, experience
in systems engineering processes.
Ability to identify and solve correct problems: systems thinking, critical thinking and problem-solving.
Interpersonal skills: including communications and personal relationships.

Need to understand the principles of systems engineering and be able to explain the
principles to their juniors.

2.2 The five top aspects of the engineering design process
The five top aspects of the engineering design process that best equip secondary students to
understand, manage, and solve technological problems (Wicklein, et al., 2009) were:
1.
2.
3.
4.
5.

Understanding that there may be multiple solutions to a problem/requirement.
Effective oral communications.
Ability to communicate graphically and pictorially.
Ability to handle open-ended/ill-defined problems.
Ability to perform systems thinking.

2.3 The claimed effectiveness of learning approaches
According to the often quoted Learning Pyramid developed in the 1960s at the National
Training Laboratories, Bethel, Maine (Lowery,
2002), and the earlier Dale Cone of Experience3
(Dale, 1954), which have been combined and
redrawn as Figure 1 (Kasser, et al., 2008), listening to lectures is the worst way of learning
3

There are no numbers associated with Dale’s cone.

Figure 1. Claimed effectiveness of different learning
techniques (Kasser, et al., 2008)
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while any of the forms of active learning is better.
2.4 Produce Type V systems engineers and project managers
Perceptions of systems engineering from the Quantitative perspective identified the following
five types of systems engineers based on observations of their ability to deal with problems
and solutions (Kasser, et al., 2009).






Type I: apprentices who have to be told “how” to implement the solution system.
Type II: imitators/doers. This type is the most common type of systems engineer.
Type IIs have the ability to follow a process to implement a physical solution system
once told what to do.
Type III: problem solvers. Once given a statement of the problem, this type has the
expertise to conceptualize the solution system and to plan the implementation of the
solution, namely create the process to realize the solution.
Type IV: problem formulators. This type has the ability to examine the situation and
define the problem (Wymore, 1993) page 2), but cannot conceptualise a solution.
Type V: engineer-leaders, pathfinders or innovators. This type is rare and combines
the abilities of the Types III and IV, namely has the ability to examine the situation,
define the problem, conceptualise the solution system and plan and manage the implementation of the physical solution.

2.5 Assessment of cognitive skills
The cognitive skills of students may be assessed using:
1. The updated Bloom's taxonomy (Overbaugh and
Schultz, 2013) shown in a pyramid format in
Figure 2.
2. Existing ways of measuring critical thinking. A
literature review showed that the problem of assessing the degree of critical thinking in students
seemed to have already been solved by several
different people in several different ways, e.g.
(Facione, et al., 2000; Eichhorn, 2002; Wolcott
Figure 2. Updated Bloom's taxonomy
and Gray, 2003; Allen, 2004; Paul and Elder,
(Overbaugh and Schultz, 2013)
2006; Perry, 1981; Gordon G. et al., 1974;
Gharajedaghi, 1999). Wolcott and Gray’s method for assessing a critical thinking level was very similar to that used by (Biggs, 1999) for assessing deep learning. Since a
modified version of the Biggs criteria had been used successfully at the University of
South Australia (UniSA) (Kasser, et al., 2005) for assessing student’s work, Wolcott’s
method was selected (Kasser, 2013).
Gordon et al. provided a way to identify the difference in cognitive skills between innovators, problem formulators, problem solvers and imitators (Gordon G. et al., 1974). The difference shown in Figure 3 which is based on a table in Gordon et al. (Gordon G. et al., 1974) as
cited by (Gharajedaghi, 1999) is based on:



Ability to find differences among objects which seem to be similar.
Ability to find similarities among objects which seem to be different.

The differences in the ‘ability to find …’ leads to the different types of personalities. For
example,


Problem formulators score high in ability to find differences among objects which
seem to be similar.
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Problem solvers score high in ability
to find similarities among objects
which seem to be different.

From a slightly different perspective,
Gharajedaghi discussed four personality
types based on the same abilities in the context of separating the problem from the solution (Gharajedaghi, 1999) pages 116-117)
where:






Figure 3 Matching cognitive skills to the five types of systems

engineers
Leaders and pathfinders (innovators
in Figure 3) have a holistic orientation to seeing the bigger picture and putting issues in the proper perspective.
Problem solvers are scientifically oriented with a tendency to find similarities in
things that are different. They are concerned with immediate results.
Problem formulators are artistically oriented having a tendency to find differences in
things that are similar. They are concerned with the consequences.
Doers are practitioners producing tangible results following established processes.

Four of the five types discussed in Section 2.4 were then matched to the factors conducive to innovation as shown in Figure 3. Type IIs tend to:



Rate low in their ability to identify similarities among objects that appear to be different as well as their ability to identify differences among objects which seem to be
similar.
Look for patterns and follow the process for
dealing with the pattern.

2.6 Student attention span
Studies in the UK in the late 1940s and 1950 in
classes teaching technical topics associated with
repairing communications equipment produced the
graph shown in Figure 4 (Mills, 1953). According
to in Figure 4 student attention span needs to be reset at least every ten minutes, preferably sooner.

Figure 4 Attention span (Mills, 1953)

2.7 Three types of propositional knowledge
While knowledge may be classified in many ways, the following three types of propositional
knowledge (Woolfolk, 1998; Schunk, 1996) page 166) provide a useful content-free classification useable in all pedagogies and domains:
1. Declarative knowledge: knowledge that can be declared in some manner, e.g. facts,
subjective beliefs and organised passages. It is “knowing that” something is the case.
For example, describing a process is declarative knowledge.
2. Procedural knowledge: knowing how to do something. It consists of rules and algorithms and must be demonstrated. For example, performing a process demonstrates
procedural knowledge.
3. Conditional knowledge: knowing when and why to tailor and apply the declarative
and procedural knowledge and why it is beneficial to do so.
Research findings showed that there is a general tendency to focus on teaching Declarative and Procedural knowledge and minimise teaching Conditional knowledge. However, in
order to meet the requirements in Section 2.1 the pedagogy needs to provide the students with
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the opportunity to use Conditional knowledge, namely exercise the higher levels in the updated Blooms taxonomy.
The general tendency to focus on teaching Declarative and Procedural knowledge and
minimise teaching Conditional knowledge may be because:
1. Many students with little work experience in higher positions in the organisation do
not realise that they need Conditional knowledge in the real world.
2. When exercising Conditional knowledge there is generally more than one acceptable
solution and many students are uncomfortable with not having a single correct solution or model answer.
3. Uncomfortable students tend to give their instructors poor evaluations at the end of
the semester. Hence instructors who want good student evaluations to meet tenure requirements tend to focus on problems with a single correct solution or model answer.
4. Applying Conditional knowledge means that the students need to understand the
knowledge which takes more work than memorization. Consequently, the class is a
harder class than one that just requires memorization.
5. Based on observations of a number of classes at University of Maryland University
College (UMUC)4, students end to give higher evaluations to easy classes than to
harder classes. Hence instructors who want good student evaluations to meet tenure
requirements tend to make the classes easy and focus on Declarative and Procedural
knowledge.
After experiencing the balanced classroom pedagogy, particularly the Authentic Learning
Environment discussed in Section 2.9, students tend to realise that they need the Conditional
knowledge in the real world and that reflects in the good student evaluations of the balanced
classroom pedagogy discussed in Section 7.
2.8 Skills and competencies
The literature also contains a number of suggestions for what should be incorporated into the
classroom experience5. For example:


Brown and Scherer suggest incorporating the following features into the classroom
experience (Brown and Scherer, 2000):
1)
2)
3)
4)
5)
6)
7)
8)
9)



Use of open-ended problems.
Encouragement/development of student creativity.
Use of the systems design methodology.
Consideration of alternative solutions.
Detailed system design specifications.
Use of decision methodologies.
Consideration of feasibility, reliability, and maintainability.
Inclusion of economic, social, ethical, aesthetic, and economic impacts.
Use of real problems with real clients.

The American Society for Engineering Education (ASEA) provided the following list
of ingredients associated with reshaping the curriculum (Sage, 2000) citing (ASEA,
1994).
1) Team skills, collaborative and active learning.
2) Communication skills.
3) A systems perspective.

4
5

The author’s and those of other instructors observed as part of the author’s duties a Program Director.
However, the literature rarely shows how to incorporate the suggestions.
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4) An understanding and appreciation of diversity.
5) Appreciation of different cultures and business practices, and understanding
that engineering practice is now global.
6) Integration of knowledge throughout the curriculum a multidisciplinary perspective.
7) Commitment to quality, timeliness, continuous improvement.
8) Undergraduate research and engineering work experience.
9) Understanding of social, economic, and environmental impact of engineering
decisions.
10) Ethics.
2.9 Real world scenarios
One way to meet Enger’s challenge seems to be to add the opportunity to gain experience by
including real world scenarios in a class in the form of an Authentic Learning Environment
which has the following ten design characteristics (Reeves, et al., 2002) cited by (Herrington,
et al., 2004):
1. Authentic activities have real-world relevance.
2. Authentic activities are ill-defined, requiring students to define the tasks and subtasks
needed to complete the activity.
3. Authentic activities comprise complex tasks to be investigated by students over a sustained period of time.
4. Authentic activities provide the opportunity for students to examine the task from different perspectives, using a variety of resources.
5. Authentic activities provide the opportunity to collaborate.
6. Authentic activities provide the opportunity to reflect.
7. Authentic activities can be integrated and applied across different subject areas and
lead beyond domain-specific outcomes.
8. Authentic activities are seamlessly integrated with assessment.
9. Authentic activities create polished products valuable in their own right rather than as
preparation for something else.
10. Authentic activities allow competing solutions and diversity of outcome.
The requirements for the Authentic Learning Environment contain many of the requirements listed in the previous sections particularly those in Sections 2.2 and 2.8 however, space
limitation precludes the discussion of traceability.

3 Summary of the research and development leading up to the balanced classroom
Space limitations preclude a detailed description of the iterative Systems Development Process (SDP) that produced the balanced classroom as a system that meets the requirements in
Section 2. The SDP took place over about twelve years transitioning from the initial lecturecentric classroom in both traditional face-to-face and online classrooms in a number of iterations. There was also one challenging class which contained one traditional face-to-face synchronous section at UMUC in Maryland combined with one asynchronous online section
with an instructor in Adelaide, Australia (Kasser, 2001).
Except for one iteration of one class, the number of students in a class ranged from seven
to 35. Although pre-recorded lectures had been used in online classes since 1998, the first
time the pre-recorded lecture was used in a face-to-face class was in the first iteration of
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SDM5004 at NUS in 2011 where the student attendance was 706. The pre-recorded lecture in
the face to face class was a solution to the problem of how to allow all student teams to make
a presentation in the limited classroom time7.
The major elements of the research and development included:
1. The development of the knowledge reading concept discussed in Section 3.1.
2. The difference between synchronous and asynchronous lectures discussed in Section
3.2.
3. The different technology for recording the lectures discussed in Section 3.3.
Consider each of them.
3.1 The development of the knowledge reading concept
After noting that some students were not reading the required material before the session, research into how to ensure the students did read the material commenced. The initial attempt
to encourage the students to read the material in 1998 was to require the students to lecture
one chapter from the textbook. It worked reasonably well. A different approach was tried in
2010 by making the title of the reading arouse student curiosity (Kasser, 2011). It worked but
was limited to a single reading. The knowledge readings (Kasser, 2013) discussed in Section
4.3 overcame that limitation.
3.2 A difference between synchronous and asynchronous lectures
The early recordings were for the online classes at UMUC.
A difference between synchronous and asynchronous lectures was quickly noted. In the synchronous classroom the
discussion is single threaded as shown in Figure 5. The lecture is interrupted by a question and answer discussion. The
discussion is summarized and the lecture continues.
This sequential thread is impossible in the asynchronous
classroom because of the time delays. Consequently, the
lecture is as before, but once the question is asked, the discussion has to be taken off-line and conducted in an asyn-

Figure 5 Synchronous thread

chronous manner. This leads to a multi-threaded discussion as shown in Figure 6. The implementation of
the multi-threaded discussion is via an asynchronous
bulletin board, one example of which is shown in Figure 7.
3.3 The different technology for recording the lectures
Recording a lecture is simpler than it sounds8. Several
Figure 6 Asynchronous thread
readily available low cost software packages for PC and
smart phones provide that capability. The approach for
recording a lecture is the same as that used for making it in the classroom. The instructor
goes through the presentation and records what would have been said in the classroom. Un-

6

Many of the students needed the required class to graduate that year and if they were precluded from the class
they would have to wait a year to graduate. This would have been unfair so the instructor allowed them into the
class and then had to redesign the pedagogy to cope with the large number of students.
7
The solution was to move the lecture out of the classroom time.
8
Pun intended.
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like in the classroom, the instructor can then review and edit the lecture before the students
get to experience it.
The literature review was unable to locate any requirements for the need to see the lecturer during the lecture. There were no answers to questions such as ‘was it really necessary to
see the instructor or were PowerPoint slides and a picture good enough’? Recognising the
similarity between a classroom and a conference presentation, experiments showed that when
the lights are down in the conference
room, the delegates focus on the presentation and there is little non-verbal
communication from the presenter. If the
presenter chooses to take questions at the
end of the talk, there is no difference between her delivering the presentation
synchronously or asynchronously. There
thus seems to be no requirement to see
the presenter during the presentation,
just the presentation graphics.
Student’s comments on the differFigure 7 Asynchronous discusssion forum
ence between the recorded and live
presentations were mainly that they
couldn’t interrupt the recorded presentation with a question. This was the same response to
the same question posed to the audience in the first demonstration/experiment at the INCOSE
symposium in Vancouver in 1998 (Kasser and Weiskopf, 1998) when the presenter surprised
the session attendees with a pre-recorded presentation. When the pre-recorded presentation
began (see Figure 8) the presenter at the podium raised a soft drink can to his lips and drank
from it. When the audience noticed that something was not correct, he stepped out of the
room for a moment. The first 1998 asynchronous online classroom pre-recorded asynchronous lecture:







Used PowerPoint for the knowledge video.
Comprised individual audio (wav) files for each slide which allowed changes to be
made to parts of the lecture without having to re-record the entire lecture.
Incorporated a picture of instructor on each slide.
Used Real media (rm) format
Lasted 55 minutes, see Table 1.
Only needed 3.3 Mbytes of storage space.

By 2010, the pre-recorded asynchronous lectures:





Still used PowerPoint for the knowledge video.
Used a single MP3 file for the lecture audio.
Still incorporated a picture of instructor on
each slide.
Needed up to 10 Mbytes for the audio file
alone.

Figure 8 Title slide from first INCOSE prerecorded presentation

In 2015, the pre-recorded asynchronous lectures:


Used a number of MP4 video files for the video and audio, each 10 to 20 minutes in
duration.
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Table 1 Pre-recorded lecture times (minutes)

Session
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15




CSMN648 SysEng412
1998
2010 2011F
55
N/A
19
47
N/A
39
22.5
25.5
34
51.5
6
7
36.5
34
37
38
11.5
20.5
N/A
20
31
28
N/A
7
50.5
35.5
74
61.5
20
25
30.5
52
51
34
35
27
22
20.5
19
N/A
6
9
N/A
20
24.5

2013
N/A
35.5
9
28
24
20
46
49
32
43
59
22
N/A
N/A
N/A

SDM5004
2011 2012 2013
N/A N/A N/A
46
38
38
35
37
42
6
7
12
41
35
34
15
20
22
28
30
30
N/A
3
5
39.5 79
60
23
24
24
39
51
51
36
25
25
20
19
19
6
9
9
28
24
26

MT5014
2014
N/A
30
41
10
33
21
25
5
78
24
50
25
15
9
25

Showed the talking head of the instructor as well as the PowerPoint slides.
Needed 49GB of storage for one MP4 file.
Were (some of the lectures) uploaded to YouTube9.

It seems that 17 years of advances in the state of the art have increased the bandwidth and
storage needs but have not added much to the basic lectures. The use of technology is vendordriven based on what is available, rather than being based on requirements. This is where systems engineering can help the domain. Research into the nature of the requirements is needed.

4 The architecture of the balanced classroom
The architecture of the balanced classroom is shown in Figure 9. It contains a mixture of subsystems from two cognitive theories of learning: lecture-centric (objectivist) and exercisecentric (constructivist) (Jonassen, 1991)10. Briefly consider each of the following subsystems:
1.
2.
3.
4.
5.
6.

The lecture discussed in Section 4.1.
The flipped classroom discussed in Section 4.2.
The knowledge readings discussed in Section 4.3.
The exercises discussed in Section 4.4.
The assessment discussed in Section 4.5.
Feedback discussed in Section 4.6.

4.1 The lecture


9

Can be delivered in real-time in the face-to-face or distance mode classroom or prerecorded for viewing before the session begins in what has become known as the
“flipped classroom”.

E.g. those on https://www.youtube.com/channel/UCVBNs9VpnUp6QfytbqzJ96g.
The objectivist approach is based on the assumption that there is a real, objective, and knowable world, and
that the instructor's primary duty is to convey that knowledge to the students. The constructivist approach, on
the other hand, is based on the assumption that knowledge is constructed by the learner, that learning is active
and collaborative and that the instructor’s primary duty is to provide a context whereby the student can discover
his or her own “constructed” knowledge.
10
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Figure 9. The balanced classroom (integrated system)








Can summarise session material, highlight the main points and add additional material
pertinent to the session.
Should contain knowledge not in the readings. If the lecture summarises the readings,
the students will tend treat the lecture as providing a summary of the readings and
tend not read the readings themselves11.
May be, or may include, a live or virtual guest speaker. For example Professor Derek
Hitchins provides some interesting and educational videos about systems engineering
on his web site (www.Hitchins.net)12 and on YouTube.
May last as long as the students are willing to listen to it provided issues with student
attention span discussed in Section 2.6 are addressed.

4.2 The flipped classroom
The flipped classroom is:




Based on using a pre-recorded video of the lecture.
Represented in Figure 10 (CIT, 2014).
A face-face classroom and an online classroom session in which the:
1) Instructor pre-records the lecture and uploads it to the class web site.
2) Students (are required to) view the lecture
before the classroom session.

Figure 10 Representation of a flipped
classroom (CIT, 2014)

Time saved by not lecturing in the classroom session is to be used for exercises and other
participative activities. However, the flipped classroom is a non-systems approach to improving the learning environment, and suffers from at least two defects since the pre-recoded video lecture is:
1. A lecture which is the worst way of teaching something as shown by the data summarised in Figure 1.
2. Based on the incorrect assumption that all the students will view the lecture before
class. Unfortunately, experience has shown that students treat the pre-recorded lecture
11

Over the years, several students have requested (the Cliff Notes) summaries of the lectures to save them to
listen to the full lecture.
12
In one class session he was even available by prior arrangement to accept and respond to questions by the
students after the presentation.
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in a similar manner to the way they treat the traditional readings; some read the material ahead of class and some do not, where:
1) Good students interested in the topic do tend to view the lecture before the
class.
2) Poor students who need to view the lecture before class tend not to view the
lecture before the class13.
3) Students who expect the instructor to tell them everything they need to know
to pass the class in the classroom tend not to view the lecture before the class.
Most lectures in Massive Open Online Classes (MOOCS)14 tend to be shorter than 10-15
minutes. This seems to correlate to the attention span limit in Figure 4. However, there is a
big difference between a lecture in the classroom and a pre-recorded lecture, namely the students are in control in the pre-recorded environment. They can start and stop the lecture at
will according to their individual attention span, interruptions and other distractions. Consequently, as long as the lecturer does not drone on and on, talking about a single slide and
changes slides every minute or so to reset the attention span, there does not seem to be a minimum lecture time requirement. For example, as summarised in Table 1:






CSMN 648 at UMUC was an asynchronous online class. The first year the class ran
with pre-recorded lectures was in 1998. The lectures ranged from 22 to 61.5 minutes
with an average time of 38.36 minutes. Student feedback was positive, they liked the
ability to replay the lectures and listen while commuting to work.
Almost two and a half decades later, the pre-recorded lectures in the online Missouri
University of Science and Technology (MS&T) SysEng512 class and the face-to-face
MT5014 and various iterations of the face-to-face SDM5004 at NUS ranged between
6 and 79 minutes. Student feedback was also positive, the students with English as a
second language specially liked the ability to replay the lecture.
The first two lectures in SysEng412 were synchronous and were delivered in real
time. However, when problems were reported with the audio and the technical support indicated that it was a common problem with instructors outside the continental
USA, the problem of improving the quality of the lectures was dissolved by prerecording them as per CSM648 twenty five years earlier but using a different technology.

There is one advantage to chunking the lecture in a number of files. It allows individual
chunks to be updated each time the class runs if the content:



Becomes out-of-date.
Needs to be clarified or otherwise updated for any other reason

4.3 The knowledge readings
The knowledge readings (Kasser, 2013):




Provide the students with the best way to learn according to Figure 1.
Overcome the situation in which the students do not read the material ahead of time.
Require the students working in teams, to read the material assigned to the session before the session and present:
1) A summary of the reading.

13

Tested in practice by loading the lecture as PowerPoint slides and MP3 audio files. When instructions for the
weekly exercises and assignments were inserted in the audio portion of the lecture some students did know
about the instructions.
14
Based on a limited sample of Coursera MOOCs.

DRAFT submitted to INCOSE IS 2016:

Page 13

Table 2. Subsystem contributions to the ability to understand, manage, and solve technological problems

Ability
Multiple solutions to a problem/ requirement
Oral communications
Graphical/pictorial communications
Ability to handle open-ended/ill-defined problems
Systems thinking

Lecture
Listened
Received
Listened

Exercises
Experienced
Experienced
Experienced
Experienced
Went beyond

Knowledge readings
Experienced examples
Experienced
Experienced
Went well beyond

2) A list of main points.
3) A description of one of the main points.
4) Comments and reflections on the knowledge in the readings.











Enable the instructor to correct any misinterpretations as they arose rather than find
out something was misinterpreted in the assignment or examination at the end of the
class.
Provide three of the five top aspects of the engineering design process that best equip
secondary students to understand, manage, and solve technological problems
(Wicklein, et al., 2009) as shown in Table 2.
Allow students to exercise cognitive skills at levels 3-6 of the upgraded version of
Bloom’s taxonomy shown in Figure 2.
Absolved the problem of designing exercises to allow the students to progress through
the six levels of the updated Bloom’s taxonomy shown in Figure 2 This is because the
treatment of the knowledge readings advances the students through the higher levels
of the updated Bloom’s taxonomy while the exercises only need to be designed for
the lower levels. However, a thinking subsystem component was still added to the exercises as discussed in Section 4.4.
Provide students with the opportunity to practice presentation skills in an Authentic
Learning Environment and obtain feedback on both content and style.
Demonstrate to the students that different people perceive information differently.
Allow the students the freedom to contribute to the learning via their own learning
style. For example, those that prefer:





Reading can read the material.
Hearing can use voice to text technology to listen to the readings.
Interaction can do so within their team and the full class discussion following
the set of presentations in each session.
Researching and self-seeking can do so.

4.4 The exercises
The exercises:


Are designed so that the students:





Apply the knowledge from the session to produce a product (the presentation);
namely the lower levels of the updated Bloom’s taxonomy.
Have to think about, and present, what they have learned in doing the exercise
by virtue of the exercise requirement to present a ‘lessons learned’ element;
namely the higher levels of the updated Bloom’s taxonomy.

Take place in the context of an authentic representation of workplace and consequently are designed to comply with the requirements for an Authentic Learning Environment listed in Section 2.9. For example, in the first half of the project management
class (SDM5004), the students developed the staffing, cost and schedule estimates for
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an information technology system upgrade project. In the second half of the class the
students had to deal with the effect of “events”15. Typical events were:








Company won a major contract for a new and exciting project, 50% of all
technical and managerial staff applied for transfer to new project.
Customer’s budget has been reduced by 25% for the rest of project.
Project manager was severely injured in automobile accident and was on medical leave for ten time periods16.
Poor engineering resulted in delay of five time periods in the task requiring the
most time.
Poor engineering resulted in delay of five time periods in the most costly task.
Innovative engineering reduced project costs by 10%.
Vendor/manufacturer of the most critical subsystem went bankrupt and cannot
deliver.

As a second example, in the systems engineering class some of the sessions cover
the states of the system lifecycle. The exercises in those sessions require the students
to perform the activities that systems engineers do in those states of the system development process in the real world.




Provide the remaining two of the five top aspects of the engineering design process
that best equip secondary students to understand, manage, and solve technological
problems (Wicklein, et al., 2009) as shown in Table 2.
Provide the ability to handle open-ended/ill-defined problems (Wicklein, et al., 2009)
and systems thinking by the nature of the structure of the exercise by often requiring
students to define problem first before mitigating it17. For example in the systems engineering class in the Defence domain, an exercise begins with a short video of a military Unmanned Aerial Vehicle (UAV) operational scenario followed by the statement,
“The UAV needs to be improved, brainstorm the situation and propose improvements”. The students then have to decide which aspect of the UAV to improve, hence
formulating their problem. One interesting, informative and educational (to the students) outcome is that different teams formulate different problems showing the need
for frequent discussions between the customer and the developer.





Have multiple acceptable solutions rather than a single correct solution.
Require application of domain knowledge and cognitive skills.
Are sized for the required workload; the time the students are expected to allocate to the session18.
Can take place inside the classroom session or outside the classroom session
depending on the delivery mode.

4.5 Assessment
In a postgraduate class the emphasis shall be on the application of knowledge; critical thinking and the updated Bloom’s taxonomy levels 3 and above, rather than on levels 1 and 2
(memorization). The assessment in the balance classroom is in three parts based on:

15

Not typically taught in project management classes which focus on creating the plans.
The generic ‘time period’ may be a day, a week or a month depending on the project. The students convert the
time period as appropriate.
17
The feedback from the first exercise in a class often contains complaints of ‘vagueness’ in the exercise instructions. By the end of the class there are no complaints of vagueness. So, either the students have learnt to
deal with vagueness or they have given up complaining.
18
Although the students generally put in more time, at least in the early classes
16
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Table 3. Grading based on cognitive skills according to the modified Bloom's taxonomy

Grade Taxonomy level

Ability being tested
Can the student create a
new product or point of
view?
Can the student justify a
stand or decision?
Can the student distinguish between the different parts?
Can the student use the
information in a new
way?

A+

6

Creating

A

5

Evaluating

B+/B

4

Analysing

B-

3

Applying

C+

2 Understanding

Can the student explain
ideas or concepts?

C

1 Remembering

Can the student recall or
remember the information?

Demonstrating skill by …
Assembling, constructing, creating, designing, developing, formulating, writing
Appraising, arguing, defending, judging, selecting,
supporting, valuing, evaluating
Appraising, comparing, contrasting, criticizing, differentiating, discriminating, distinguishing, examining, experimenting, questioning, testing
Choosing, demonstrating, dramatizing, employing,
illustrating, interpreting, operating, scheduling,
sketching, solving, using, writing
Classifying, describing, discussing, explaining,
identifying, locating, recognizing, reporting, selecting, translating, paraphrasing
Defining, duplicating, listing, memorizing, recalling, repeating, reproducing, stating

1. Individual performance during the semester.
2. Teamwork in the exercises and knowledge readings.
3. An individual final examination.
The correspondence between the updated Bloom’s taxonomy levels, the ability tested in
the knowledge readings, exercises and assignments is shown in Table 3 adapted from Overbaugh and Schultz (Overbaugh and Schultz, 2013). The balanced classroom assignment required the students to write an essay containing both descriptive (Declarative knowledge) and
critical thinking (Conditional knowledge) elements. In most classes although students were
given the opportunity to submit a draft for comment and review before submitting a final version for grading, not every student did so19. Students demonstrating the lower levels of cognitive skills also seem to turn in incomplete assignments (which contribute to the low grade due
to lack of content to assess) even though they had been told in several ways in different sessions what content the assignment needed to cover.
If examinations are used they shall use well-written multiple choice questions which require the students to exercise the higher level cognitive skills (Conditional knowledge discussed in Section 2.7).
4.6 Feedback
Feedback from the students to the instructor takes place the form of:
1. The traditional end of class student evaluation.
2. Sessional feedback.
3. Comments on content and style of student presentations.
Consider each of them.


19

The traditional end of class student evaluation: which has evolved into an online
survey tool providing the students with a number of questions. The students respond
to each question on a 5-point Likert scale. The survey at NUS also requests free-form
comments about the class and the instructor. Other open ended questions the author
has used in classes and workshops outside NUS include:

In one class, 35 out of the 42 students in the class also did not avail themselves of the opportunity.
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What was the best part of the workshop?
What was the worst part of the workshop?
The three most useful things I learned were …
The least useful thing I learned was …

The answers to these questions provide valuable information leading to changes in
the subsequent iteration of the class/workshop.


Sessional feedback: The author was introduced to this form of feedback in a graduate
teaching workshop at the George Washington University in about 1989. At the end of
each session the students are asked to take a small piece of paper and without writing
their name or any identifying information, write down what they thought was the:





Best thing about the session.
Worst thing about the session.
Missing: something they expected but was not there.
Question(s) that they did not ask during the session.

The students are also told that if nothing comes to mind in each category within
10 seconds, to leave it blank. The instructor collects the papers and types up the responses before the following session. This form of feedback is multi-purpose. For example, it:






Allows students who process information slowly to ask questions at the end of
the session.
Sometimes shows that certain topics are both “best” and “worst” as perceived
by different people.
Can prompt the instructor to improve parts of the session where the students
had problems understanding the knowledge to make the subsequent iteration
of the class more effective.

Comments on content and style of student presentations have been discussed above
in Section 4.3 for the knowledge readings and Section 4.4 for the exercises.

5 The three parts of each session
The three parts of each classroom session are discussed as follows.
1. Pre-session activities in Section 5.1.
2. In-class activities in Section 5.2.
3. Post-session activities in Section 5.3.
The post-session activities from one session may overlap the pre-session activities for the
subsequent session.
5.1 Pre-session activities
The pre-session activities include:




Reading the session material.
Viewing the pre-recorded lecture.
Preparing the knowledge reading presentations.

5.2 In-class activities
The in-class activities generally follow the following six-part sequence as of the second class
meeting/session.

DRAFT submitted to INCOSE IS 2016:

Page 17

1. Discussion on sessional feedback from previous session: opens the class. The instructor shares the BWMQ feedback from the previous session and answers any questions that were posed20. Starting the class session in this manner also provides the opportunity to summarise the previous session as a lead-in to the current session.
2. Exercise presentations: the student teams present their responses to the exercises.
The instructor immediately provides feedback as to the good and bad points and a
grade. When each team has presented, the instructor leads a brief discussion comparing the presentations.
3. A short break: about ten to fifteen minutes, roughly half way into the session.
4. Knowledge readings: summarize the knowledge for the session. The instructor comments on and grades each presentation as soon as it is made. When each team has presented, the instructor leads a brief discussion comparing the presentations.
The students in each class typically have a different mixture of cognitive skills.
The grading21 performed according the information in Table 3 tends to reflect the behaviour of the students observed in the
knowledge and exercise presentations, and interaction in the question and response dialogues.
It was interesting to see the different students
demonstrate the characteristics of the five types
of systems engineers (Section 2.4). For example, the grades in one class where about half the
students did not demonstrate the higher order
cognitive skills were as shown in Figure 11. In
Figure 11 Class demonstrating split
another class where most of the students only
cognitive skills
demonstrated remembering and understanding
(Taxonomy Levels 1 and 2) levels the grades were as shown in Figure 12.
Each presentation in each session differs; illustrating that there can be more than
one correct/acceptable solution to a problem and there can be more than one way to
satisfy a requirement.
5. The Lecture: The pre-recorded lecture was made available on the class website prior
to the classroom session. However, sometimes students have questions on the material
and sometimes there is intellectual property or other content that must not be uploaded to the web site but may be used in the classroom. So, the lecture is delivered in the classroom by presenting the PowerPoint slides silently, advancing the slides and pausing about two
to five seconds on each slide and asking the students to call out when they have a question.
When a question is posed, the instructor answers
it and there may also be some comments and
additional questions from other students. The inFigure 12 Class demonstrating mostly
structor can also add a verbal comment to a slide
lower level cognitive skills
that links the slide content to something that was
presented by the students in an earlier exercise or knowledge reading presentation.
6. Requesting the sessional feedback for the session: This is not done in the last session.

20
21

Having had some time to think about the question and answer.
The individual grades are made up from a combination of team work and an individual assignment.
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5.3 Post-Session activities
The post-session activities include



Doing the team exercise for the session.
Preparing the exercise presentation to be made at the following session.

6 Incorporating the three types of knowledge
The pedagogy of the balanced classroom incorporates all three types of knowledge mentioned in Section 2.7. The students demonstrate their:




Memorization of Declarative knowledge via the knowledge readings.
Mastery of Procedural knowledge in what they do in the exercises.
Mastery of Conditional knowledge by how they do the exercises and their reflections
on what they did and learnt in the exercises.

The students exercise their higher order cognitive skills by meeting the exercise requirement to reflect on the content of the knowledge presented in the knowledge reading and what
they learned from the exercises. In many instances while they realise they are doing a lot of
work, they don’t realise what they have done and what they have learnt until it is been pointed out to them in the summary session at the end of the semester.

7 Results
The balanced classroom was used in its current format in postgraduate classes in project
management, systems engineering and technology and innovation management at NUS in
2013 and 2014. Some of the observations are:


Team presentations in the same exercise and knowledge reading in each session differ
illustrating:














22
23

There can be more than one acceptable solution to a problem.
There can be more than one way to satisfy a requirement.

Students misuse bar charts, line graphs or pie charts and need to be shown when to
use which type of chart. By comparing the information presented in the different
charts students soon pick up on when to use which chart.
Some students don’t seem to be able to make connections between the different elements of the knowledge they are learning. They don’t seem to be able to see connections between readings on the same topic, or between readings from the current session and readings from earlier sessions.
Student presentations provide excellent ‘learning opportunities’ based on the mistakes
the students make in content, style and format22.
Students like feedback on both what was good and what was bad.
The quality of presentations by the different student teams improved as the semester
progressed since better techniques for presenting information used by one team were
picked up by other teams.
The instructor can point that learning has taken place by showing the students how
and why, with to reference to changes from their earlier presentations.
Student reactions have been very positive once they overcame the initial shock of the
different pedagogy23.
The post-class feedback was very positive on both the pedagogy and the knowledge

Students can make very innovative mistakes that even good instructors would not predict.
These students have mostly come from a lecture-centric paradigm.
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Table 4 Class A extract from student evaluations

Q

Items evaluated

1
6
7
8

The teacher has enhanced my thinking ability.
The teacher has helped me understand how to apply knowledge.
The teacher has enhanced my ability to learn independently.
Overall the teacher is effective.

Faculty
member
average
score
4.333
4.333
4.333
4.333

Department
Average
score

Faculty
average
score

4.142
4.089
4.078
4.126

3.959
3.947
3.950
3.987

Department
Average
score

Faculty
average
score

4.205
4.100
4.090
4.214

3.958
3.946
3.960
3.982

Table 5 Class B extract from student evaluations

Q

Items evaluated

1
6
7
8

The teacher has enhanced my thinking ability.
The teacher has helped me understand how to apply knowledge.
The teacher has enhanced my ability to learn independently.
Overall the teacher is effective.





Faculty
member
average
score
4.500
4.375
4.500
4.625

the students feel they have gained. The comments are summarized as, “It was a lot of
work, but it was well-worth it”24.
Student feedback is that the classes are changing the way they think. Two extracts
from student evaluations of two different classes are shown in Table 4 and Table 5.
Table 4 is from a class on the systems approach to technology and innovation management in which the students were taught to think holistically. In the example, the
class size was 18 and the number of students responding was 3 (17%). Table 5 is from
a class on the systems approach to project management. In the example, the class size
was 35 and the number of students responding was 8 (23%). So in this small sample
of two classes on two very different topics, some of the students evaluated the contribution to improving their cognitive skills as being more effective than the approach
used by any other teacher in the faculty.
The subsystem contributions to:


The ability to understand, manage, and solve technological problems is summarized in Table 2.
 Exercising the cognitive skills in Bloom’s taxonomy is summarized in Table
6.
 Creating an Authentic Learning Environment is in the exercise and knowledge
readings.

The compliance matrix showing how the combination of the subsystems of the
balanced classroom complies with to the system requirements is shown in Table 7.

8 Summary
This paper discussed applying systems engineering to the problem of
optimising postgraduate education.
According to the literature, previous research on systems engineering education and curriculum design focused on the nature of the
24

Table 6. Subsystem combination to Bloom’s taxonomy

Bloom’s taxonomy
6
5
4
3
2
1

Creating
Evaluating
Analyzing
Applying
Understanding
Remembering

Lecture

Exercises

Unknown
Listened

√
√
√

It is difficult to distinguish between the comments on the pedagogy and the instructor.

Knowledge
readings
√
√
√
√
√
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Table 7 Compliance Matrix

Requirements

Lecture

Knowledge readings

Exercises

Individual
assignment

Knowledge of subject domain
Multiple solutions to a problem/
requirement

Poor
Listened

Best
Experienced additional examples

In between
Experienced

Repeated
Not seen

Oral communications
Graphical/pictorial communications
Ability to handle openended/ill-defined problems
Holistic/Systems thinking
Cognitive skills

Received

Experienced
Experienced

Experienced
Experienced

-

-

Experienced

Depends on
assignment
Depends
Depends

Teamwork
Authentic Learning Environment

Some
-

Depends on external
readings
Went well beyond
5 out of 6 levels in
Bloom’s taxonomy
Experienced
Experienced

Listened
-

Went beyond
Lowest 3 levels in
Bloom’s taxonomy
Experienced
Scenarios

No
-

knowledge to be taught, and tended to ignore pedagogical issues. Although the research and
development lasting from 1998 to 2015 covered both the content and the pedagogy, this paper:






Focused only on the pedagogy.
Suggested that instead of adopting a single technique such as the ‘flipped classroom’,
a number of teaching techniques shall be used together as subsystems in an interdependent manner blending them to enhance the learning experience.
Described a balanced classroom which mixes a number of previously tested teaching
and learning subsystems interdependently in a synergistic manner.
Concluded with a brief summary of the results of using the balanced classroom in
three different classes in 2013 and 2014.

The contributions of the balanced classroom to teaching and learning are:
1. It is the first time that all the subsystems have been used (integrated) together interdependently as a system.
2. It overcomes the major defects in the ‘flipped classroom’.
Section 2 provided some of the requirements for the balanced classroom developed during the research. Section 3 summarised some of the research and development leading up to
the balanced classroom. Section 4 described the architecture and subsystems in the balanced
classroom. Section 5 discussed the three parts of each session how the balanced classroom is
used. Section 6 showed how the three types of content free knowledge are incorporated into
the balanced classroom. Section 7 shared some of the results using the balanced classroom in
three different classes in 2013 and 2014.

9 Conclusions
The conclusions are, the balanced classroom:
1.
2.
3.
4.
5.

Is the result of applying systems engineering in the education domain.
Meets the requirements summarized in Section 2.
Is a fun teaching and learning experience.
Advances the state of the art in the educational domain beyond flipped classrooms.
Needs a teacher who understands the knowledge being taught. Instructors who teach
the textbook by rote would not perform well in the balanced classroom.
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6. May be used both in the traditional classroom and in online synchronous and asynchronous classrooms.
7. Is suitable for teaching postgraduate subjects other than systems engineering.

10 Further research
Converting a traditional experience-based class to the balanced classroom format is a nontrivial task. The problem of converting a degree program containing a set of stand-alone classes, a man-made system, into an integrated program is a complex problem and will require
the program director to be a systems engineer. Creating a generic process than can be applied
across institutions is an even more complex problem worthy of further research since it will
increase the effectiveness of teaching and learning systems engineering globally.
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