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Abstract— Engineering and science technologies are growing
at an unprecedented rate, thus emphasizing the need to adapt the
current curriculum to address expectations of ever-changing
academic and industry stakeholders. The inception of fields such
as biotechnology serves as an interface for multidisciplinary
collaborations between biomedical sciences and engineering. In
this milieu, both fields are equal partners that share their
experiences and viewpoints towards the common goal of creating
biomedically relevant products. Using the revised Bloom’s
taxonomy as a model for curriculum design, we created a
multidisciplinary laboratory course for our students. This course
encompasses three modules which span the gamut of current
biotechnology. These modules include mammalian cell culturing,
biomaterial testing and production of commercially relevant
recombinant proteins utilizing bench-top bioreactors. The
modules are designed to reflect a blended curriculum exploiting
various pedagogies of engagement; from active learning to
cookbook style labs. We propose that a blended pedagogy can
successfully instil practical and transferrable skills to a
multidisciplinary student body. To this end, we created a
cookbook-based module entitled “biomaterials”. However,
emphasis is placed on collaborative learning and industry/
research techniques that promote student involvement and
motivation. At the other spectrum we created an active learning
module entitled “bioreactors”. In this module, students
experience group interdependence and collaborative skills as
they develop a testable experimental procedure. We hope to
increase critical thinking, project ownership and engagement.
Our final module, entitled “tissue culture” utilizes a blend of
inquiry and cookbook pedagogies. Our hope is that all three
modules will be successful in creating an engaging environment
for the students.

Here we describe the current module-based course structure
from the designers’ perspective, including course design and
student assessment. We further discuss the relevance of our
blended pedagogy within the course structure with our future
plans to assess student experience in the course.

Keywords— course development, inquiry, multidisciplinary,
biotechnology, transferrable skills, critical thinking, engagement;

l. INTRODUCTION

Today’s knowledge-based economy is driven by constant
(bio)technological ~ advancements.  Consequently,  the
discipline-specific academic skills once coveted by our
graduating students have been replaced by a gamut of
workplace defined skills dictated by industry and academic

stakeholders [1]. Numerous published articles, from various
disciplines, have dubbed this technological change as the new
“revolution” [2], or “golden age” [3]. Learning for such an
unknown future [4] brings forth innumerable challenges for
the wuniversity and its role as a teaching-research-
entrepreneurial institution [5]. One commonality within these
publications is the disconnect that exists at the curriculum
level between the entrepreneurial impetus and the traditional,
compartmentalized disciplinary structures (i.e. separate
faculties and departments) [6] The pedagogical field has
certainly risen to this insurmountable task by constantly
evolving teaching and learning styles to meet stakeholder
demands [7]. One answer to this disconnect is the concept of
“convergence” in the biomedical sciences [8]. Convergence
applies to multidisciplinary (science and engineering)
collaborations; the establishment of new opportunities to
benefit society. In this vein we created a platform for allowing
free exchange of ideas between two different student bodies
that are regarded as equals. The new opportunity is the
challenge faced by biotechnology to deliver biomedically
relevant products in various fields: from biomaterial design,
recombinant protein expression, tissue engineering, etc. [9].
Driven by the principle of convergence a collaboration
was forged between the departments of Biochemistry &
Biomedical Sciences (BBS) and Chemical Engineering (CE)
to create a module-based laboratory course. Given the
multidisciplinary nature of this course, we first recognized the
diversity in learning styles between these two faculties [10]
and applied a custom-tailored pedagogy to meet our specific
needs. Tapping into the vast pedagogical literature, we chose
to build upon the revised Bloom’s taxonomy (cognitive
domain) as we felt it fulfills our educational goals and
emphasizes both retention and transfer of learned processes
[11]. Briefly, the revised taxonomy is divided into 6
hierarchical cognitive process categories: remembering (R),
understanding (U), applying (Ap), analyzing (An), evaluating
(E) and creating (C). The revised taxonomy also highlights
our goal of meaningful learning, which promotes cognitive
transfer of the retained material such that it can be applied to
new problems [12].
In this article, we describe the course blueprint from the
perspective of the course designers. Particular emphasis is
placed on module lab content and goals, assessment of desired



student learning outcomes and future considerations in course
development.

Il. COURSE DESIGN

Given our perceived notion of learning as an interexchange
between both cognitive and non-cognitive factors [13], we set
out to develop a laboratory course that aims to interconnect
the academic content with students’ skills, attitudes, and
motivations required in the field of biotechnology. The
overall course design is highlighted in Figure 1, and entails 2
bookends (prelude and postlude) that flank the 10-week lab
course.

Bookend 1 (Prelude)
Group Workshop and Presentations
o Ams:
v/ Introduce students to lab partners and groups
' v Develop communication skills )
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[ \ |

Tissue Culture Module Biomaterials Module Bioreactors Module

r
i
1
1
|
|
1
'
|

3\\eeks (6 labs)
Cell Culture, Tissue
Engineering, Stem Cells

2-\Week s (4 labs)
Biomaterial Interactions

5-\Weeks (10 labs )
Guided Team Exploration

v'Practical skills in a laboratory setting
\ v Data analysis and troubleshooting skills

Ains: Ains:
Aims: v Plasma adsorption to v Team proposal application
v'Basic cell culture biomaterials v Team discussion: timeline,
techniques v Total protein assay reagents, individual roles
v Transfect celk v SDS-PAGE/ v Project implementation
v Produce tissue- Immunoblotting v Process monitoring and
engineered graft v Bacterial adhesion to control of microbial bioreactor
v'Stem cell differentiation biomaterials systems
v/ Data visualization v/ Protein purification and
characterization

\ [ |

S — - -

/ Bookend 2 (Postlude) :

| In-ab Practical Assessment i

L AIm: 3

| v Assess individual: ;

The course is further divided into 3 modules: Tissue
Culture (TC), Biomaterials (BM) and Bioreactors (BR). The
prelude serves the dual purpose of actively engaging students
with the course layout and facilitating collaborations between
students from both faculties (Table 1). Students are initially
divided into 3 groups that cycle between the 3 modules
throughout the course. Within each group, students are paired,;
usually one BBS student with one CE student, thus fortifying
the main drivers of convergence theory. The opening
workshop tasks students to work as a group and, with
facilitation from their Teaching Assistant (TA) and course
designers, compile a concept map encompassing the main
ideas from their starting module. This activity not only
promotes collaborative skills, but also serves to allow students
a more in-depth understanding of their first module.
Presentations follow the workshop component in which a two-
tier system has been implemented: each group must present
their specific module concept map, but within each group
students are tasked with breaking down and presenting the
concept map as a pair.

Table 1: Brief description of desired learning outcomes,
assessments and classification of concepts introduced in the

prelude and postlude bookends. (Remembering (R), Understanding
(U), Applying (Ap), Analyzing (An), Evaluating (E), Creating (C))

Desired learning Assessment C_Iassification
outcomes (revised taxonomy)
PRELUDE
Collaborative Group and pair:
learning[14] Concept maps[15] 1-R 4-An 5-E
Social skills, verbal |Presentation & peer review 2-U
communication
POSTLUDE
Individual  critical |In-lab  practical ~ (protein [1-R 3-Ap 5-E
data analysis assay) and data analysis 2-U  4-An
Individual technical 1-R 3-Ap 6-C
skills In-lab practical (cell culture |2-U 5-E
Time management, |and protein assays)
L . N/A
optimism, grit

The pair presentations must flow in a cohesive manner. When
not presenting, each group critically reviews and asks
questions of another group’s presentation. We feel this
assessment style encompasses not only collaborative skills,
but also non-cognitive factors such as social skills, verbal
communication, emotional maturity, curiosity, optimism, zest,
grit and interpersonal skills [13]. Contrary to the prelude, the
postlude assesses individual learning (Table 1). This is
accomplished through a two part in-lab practical engaging
individual students in time-sensitive applications of tissue
culture and protein assay techniques. This assessment is
extremely useful as it allows us to see the extent of knowledge
transfer to the student in the most practical sense. It also
allows us a glimpse into the development of the student’s
other skills such as time management, optimism,
perseverance, stress management, etc.

A. Tissue Culture Module (blended traditional cookbook and
collaborative learning)

The tissue culture module spans 3 weeks (8 hours/week)
and is aimed at exposing students to basic technical skills of
mammalian cell culture and genetic engineering within the
context of biotechnology. Whilst this module is primarily
taught using traditional "cookbook™ protocols, week 2 of the
module allows students to apply their understanding of cell
culture technique by optimizing and testing a transfection
protocol. Critical thinking and collaborative learning play a
major role in designing this pair-wise protocol. Despite the
traditional nature of the protocols, students approach the
experiments with tremendous enthusiasm and eagerness. We
believe this is due to multiple reasons including student
interactions, real-world topic relevance and the immediate
gratification obtained from photographically visualizing
results. Continuous student interactions allow for practical
transfer of knowledge between participants embodying
various scientific viewpoints. The TAs serve the dual purpose
of nurturing the learning process and conveying their graduate
research experiences providing real-world topic relevance to
the students. Tissue culture TAs are typically recruited from
the McMaster University’s Stem Cell and Cancer Research
Institute and the School of Biomedical Engineering. Lastly,
and perhaps most importantly, we suspect that the student



enthusiasm in this module is largely attributed to the use of
microscopy to visualize data, and a camera to capture the
results. This provides students with an immediate, tangible
and vibrant product they can reflect upon. We constantly
witness the pride and exuberance students display at the
microscope station.

Table 2: Tissue culture module: desired learning outcomes,
assessments and classification of concepts.

Classification
(revised taxonomy)

Desired learning

Assessment
outcomes

TISSUE CULTURE MODULE

Collaborative
learning:
communication

1-R  3Ap 5E

Pair lab report FU- 4AneC

Visualizing Data Engagement Taxonomy
[16]
L L . 1-R  4-An
Critical thinking Protocol optimization oU 6-C
Technical La_b notebook, prelabs, 1-R  3-Ap 5.E
. quiz 2-U  4-An
knowledge and skill Lab practical (cell
acquisition P ( 1-R 2-U  3-Ap
culture)
Student  assessment throughout this module is

multifaceted and includes lab notebooks and participation as
well as a pop quiz, a final report written as a pair collaboration
and an individual in-lab practical test (Table 2). We would
like to focus our discussion on the impact of the pair lab report
and the lab practical. Moreover, students are not penalized for
generating less than optimal results, provided they can
speculate where they might have gone wrong and how they
might improve their results in the future. The pair lab report is
an opportunity for students to develop not only their critical
thinking skills, but also their collaborative skills as they must
work together in order to create a written assessment of their
results in the context of real world applications. Combined
with the data visualization piece, students transcend their
knowledge transfer to the “engagement taxonomy” [16].
Simply put; students have a more positive and engaging
experience through their exposure to instant visualized results
from their cell culture experiments. The tissue culture portion
of the in-lab practical test assesses the depth of individual
learning through application of knowledge acquired
throughout the course. This is accomplished by evaluating the
student’s ability to plan and execute a brief experiment in a
limited time frame, while ensuring that proper aseptic
techniques and safety considerations are followed. The results
from this assessment show that the majority of the students in
the section (79% class mean, 80% median) have developed
enough of an understanding of the techniques used in this
section to successfully execute an experiment, with no
guidance, under time pressure. In conclusion, the use of
blended learning styles — including cookbook protocols — has
successfully allowed us to create a module fit for our specific
course needs. We are looking forward to qualitatively
assessing this success from the student viewpoint.

B. Biomaterials Module (cookbook lab with industrial
applications)

The Biomaterials module is concentrated in 2 weeks (8
hours/week) and serves a dual purpose: introduce students to
fundamental biochemical techniques, and engage students in
biomaterial testing and industry. Biomaterials, as a means for
improving biomedicine, have certainly become a multi-billion
dollar industry; metals, polymers and ceramics play a major
role in implants and medical devices [17]. This module relies
heavily on cookbook-style protocols to mimic the real-world
industry applications with respect to biomaterial standard
testing (i.e. ASTM). Students work together in groups of two
throughout the module. The group size is optimal for this
module as it is small enough to allow each student the
opportunity to become proficient in the techniques while
sharing the work with a partner. The report for this section is
an individual, formal laboratory report (Table 3). The nature of
the assessment guides students to think about what they did,
why they did it and how their work fits into the field of
biomaterials as a whole. Interpretation of the results is often a
challenge for the students as unsuccessful or unexpected results
are not uncommon. We have already encountered visible
exasperation among students, who have difficulty explaining
the results or understanding the significance of the section as
they may not see the benefit of using one biomaterial over
another. This may suggest that in a cookbook style module,
where students are given step-by-step instructions, there is an
expectation of success that is not found in modules with even
small inquiry components. The students may expect that the
experiments have been optimized and set up for their success.
Increasing student ownership of their results can be explored
by requiring the students to critically analyze and report their
findings in a short letter to the company providing the test
biomaterials.

Table 3: Biomaterials module: desired learning outcomes,
assessments and classification of concepts.

Desired learning Assessment Classification
outcomes (revised taxonomy)
BIOMATERIALS MODULE
Technical Lab notebook, prelabs, pop ) )
knowledge and quiz LR 3-Ap 5-E
: A . . 2-U  4-An
skill acquisition Lab practical:protein assay
Critical thinking . 1-R  3-Ap 5-E
Data analysis Individual lab report 2-U  4-An  6-C
. Evaluating biomaterials
Industrial - - 1-R  4-An
application xilct(t)?eesxpenmental »u  sE ©OC

C. Bioreactors Module (inquiry-based laboratory module)

Group experiential learning is at the core of this module
intended to elicit an authentic research-design experience. This
is accomplished by immersing students in an investigative
scenario and asking them to develop and test an experimental
plan. Students are allotted tremendous latitude in their project
design and proposed experiments. Additionally, students are
provided with a number of resources: from courseware to
external company handbooks and manuals posted on
Avenue2Learn. The BR module spans 5 weeks (8 hours/week)
and involves groups of 8-10 students. We have already
determined that this group size is not optimal as groups tend to
fall into a number of performance pitfalls including: social
loafing, the Abilene paradox and uneven distribution of labour



[18]. Left unchecked, this may result in lower levels of
engagement and ownership of the project than would be
expected from an inquiry based lab. Given that group size is a
fine balance between the complexities of the task, available
resources, time limitations and member involvement, future
iterations will include a more optimal group size of 4-5 [19].
Additionally, increasing group cohesiveness and focusing on
individual and personal involvement also play a major role in
increasing group efficiency, productivity and overall learning
[20]. We assess individual involvement through weekly lab
participation and preparedness marks, although we plan to
implement self/ peer assessment and reflection to capture the
student viewpoint throughout this experience.

Assessment also encompasses a group grant proposal at the
beginning and an individual grant renewal at the end of the
module (Table 4). The group grant proposal is formulated in-
lab using round-table discussions and chalk talk. Students are
given latitude to develop their proposal, with ample input from
course facilitators, in a safe space fitting for idea generation.
This is especially important from the perspective of
convergence as it allows students with a variety of educational
backgrounds to equally contribute their expertise to the
problem at hand. At the conclusion of the module students
submit an individual report written as a grant renewal. The
individual nature of this report is paramount in emphasizing the
importance of the student’s unique input to the group project.
Additionally, both of these written compilations serve to
underscore troubleshooting and critical thinking skills with
respect to project design and group collaboration.

We are very proud of this module and we look forward to
enhancing group interactions and student input in the future.

Table 4: Bioreactors module: desired learning outcomes,
assessments and classification of concepts.

Desired learning Classification
Assessment .
outcomes (revised taxonomy)
BIOREACTORS MODULE

. Lab notebook 1-R 4-An  5-E
Technical 2.U
I;Ei?;/:ledge and Lab practical:protein assay 1-R 3-Ap 5-E

2-U 4-An

Critical thinking Individual grant renewal 1-R 3-Ap 5-E
Data analysis 2-U 4-An  6-C
Developmentand | Group grant proposal 1-R 3-Ap 5-E
execution of Group discussions 2-U 4- 6-C
research plan Individual grant renewal An
Group Group grant proposal N/A
engagement In-lab group discussions

Il. FUTURE INSIGHTS

Using the model for experiential learning, and current
literature, we developed stronger module foundations in this
multidisciplinary course. The impetus for such metamorphosis
stems from our realization that the word “stakeholders™ also
encompasses our students. Their personal learning journey
must be considered in the course design. Students should be
actively engaged not only in the module content, but also in
our continual adaptation of the course. As such, we plan to
engage our students in their own learning process by
conducting a comprehensive assessment of student experience
in each module and allowing students’ input in design of their
course syllabus. Using this student-engaged strategy, we hope

to inspire team collaboration, project ownership and
biotechnology-driven entrepreneurship. We will publish the
student viewpoint of this course in the near future.
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Abstract—Succession of the traditional skill and technique
requires the relationship between master and apprentice. Master
shows the skill and technique, and apprentice learns through
repeating of practice for a long time. In Japan, although many
local special traditional skills exist in many places, it became
difficult to preserve and succeed the traditional skill, because of
aging of these masters and shortage of successors in recent years.

In this study, a new learning method of traditional skills is
developed by using data based on the multimedia. Japanese
wooden ship **Tsunoshima-denma™ ship was selected as the
subject. The wooden ship can be made by same way on 3D-CAD
with actual fabrication. The process of shipbuilding can be
preserved as history tree by function of 3D-CAD. In this way,
preservation and succession of traditional skill and technique will
be able to be achieved by new learning method proposed here
using 3D-CAD.

Firstly, 1/12-scale model was made after the shipbuilding
process had been understood by documents and video movies of
master's work. The process of making the scale model imitates
actual procedure as much as possible. Secondly, "Tsunoshima-
denma" ship is assembled on 3D-CAD. Each part of the ship were
modeled and assembled in the similar way of the actual processes
and dimensions. Finally, we tried to make database of learning
method with HTML format which helps apprentice to understand
the shipbuilding method and process.

We understood the actual shipbuilding deeply, and
experienced how difficult the process is, and how long time is
needed to make it by making scale model. Reproducing of
"Tsunoshima-denma™ ship in the similar way with actual
procedure on 3D-CAD is very important and effective for
succession of traditional production skill. Adding of explanations
and movies about the shipbuilding to the database as much as
possible, preservation and succession of the traditional skill will be
established, and new learning method will be achieved.

Keywords- traditional skill, succession and preservation, digital
tools, multimedia

l. INTRODUCTION

Succession of the skills and techniques is very important in
various fields. In Japan, a lot of special traditional skills
which should be succeeded exist in many places. Although
the relationship between the master and apprentice is
necessary for succession of skills and techniques, however,
aging of these masters and shortage of successors became
serious problem. Recently, succession of the skills and
techniques is becoming difficult. Therefore, it is needed to be
converted to datum with objectivity and reproducibility [1].
We propose the new preservation method by using datum

based on multimedia. In this study, multimedia means
document, sketch, drawing, photograph, movie, voice, sound,
and 3D-CAD; as a new medium. Fig. 1 shows the conceptual
diagram of this study.

| skill and Technique |

=)

= Aging of masters
* Shortage of successors

Master Successor

Multimedia

Fig. 1 Conceptual diagram

Il. PROCEDURE OF RESEARCH

The purpose of this research is developing a new
preservation and learning method of skill by using datum
based on multimedia.  After having understood of the
shipbuilding process by existing documents and video movies,
we tried to make database which helps apprentice to
understand the method and process. In this study,
"multimedia” means document, sketch, photograph, movie,
sound, voice, 3D-CAD and so on.

Fig. 2 “Tsunoshima-denma” ship

Japanese wooden ship "Tsunoshima-denma™ ship was
selected as the subject. Fig. 2 shows "Tsunoshima-denma"
ship. This ship is used for gathering of marine product in
shallows.  Although it is made by traditional skill and
technique existed in Yamaguchi prefecture, the method of
shipbuilding is becoming extinct in recent years.

From 2002 to 2003, "Tsunoshima-denma™ ship was
reproduced by an shipbuilder in Hohoku-town of Yamaguchi
prefecture as a town event. In the shipbuilding, all processes



were carefully observed and recorded by many staff for six
months. The amount of recorded media is video tapes of 141
hours, 173 pages of notebooks including documents and
sketches, great number of photographs. Then introducing
digest video DVD [2] and 197 pages of report [3] were
published by Hohoku-town. We decided to use these media
materials to develop the preserving and learning method.

In the development, firstly, original size drawings were
edited. Secondly, 1/12 scale model was made as training and
for understanding of shipbuilding processes and methods.
Next, ship was modeled and assembled on 3D-CAD in the
similar way of the actual processes and dimensions. Finally,
all of media datum was edited in HTML format as the
database for preserving and learning materials.

I1l.  DEVELOPMENT OF LEARNING METHOD

A. Editing of original size drawing data

Fig. 3 shows the name of main parts of the ship. It can be
seen in this photo, some parts of the ship are bended to make
these shapes.

Uwadana
(Topside)

Uwadana
(Topside)

Toko Miyoshi
(Rudder holder) (Stem)

Sangai
(Reinforcing materials)
Fig. 3 Name of parts

Nakadana
(Bottom)

(b) Front region (c) Prow

Fig. 4 Editing of original size drawing

Firstly, it is necessary to know each size of the ship.
Before actual shipbuilding, original size drawings were made,
and those drawings still exist. Because of too large drawing
(about 1.5x6.5m), it taken as several pieces of photographs
and were connected by using computer software. In addition,

the lines of the original size drawing were traced as clearly
seen on the software. Fig. 4 represents editing of the drawing
data. Fig. 4(a) is complete edited data. The upper of the
photograph is the top view of the ship, and the lower shows
the side view of the ship. After editing, this drawing is
separated for every region like Fig. 4(b), for easy handling in
the database. Fig. 4(b) shows the front part of the ship, and
Fig. 4(c) is a drawing of the stem called Miyoshi.

B. Fabrication of scale model

The purpose of making scale model is to understand the
process and method of shipbuilding. After understanding of
the process of shipbuilding by documents and video movies,
1/12-scale model was fabricated in the similar way with actual
procedure. Table 1 shows the procedure of scale model. In
fabrication of scale model, we reproduce until assembling
Uwadana. Uwadana is topside of the ship. The material is
balsa wood, and tools used for making were cutter knife,
abrasive paper and woodworking adhesive. Fig. 5 shows steps
of making of scale model. As shown here, the processes of
the scale model imitated actual procedure as much as possible.
Fig. 6 shows bending process by hot steam in actual
shipbuilding. In the making of 1/12-scale model, the parts
were bended by dunking into boiling hot water. Fig. 7 shows
1/12-scale model.

Table I: procedure of scale model

Making Kawara (Keel)

Bending Kawara

Making Miyoshi (Stem)

Assembling Miyoshi

Assembling Sangai (Reinforcing material)
Assembling Nakadana (Bottom)
Assembling Todate (Transom)
Assembling Uwadana (Topside)

SISlCICICHOICIS)

(b) Making Todate (Transom)

Fig. 5 Making process
(Left: Scale model Right: Actual making)
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Fig. 7 Scale model

C. Modeling on 3D-CAD

Preservation of traditional skill using digital data is
important. Therefore, each part of the ship were modeled and
assembled in the similar way of the actual processes and
dimensions. SolidWorks(TM) was used in this study. The
sizes of each parts were decided by original drawing, and real
ship dimensions measured by former researcher [4]. Fig. 8
shows an example of assembling parts. Fig.8 (a) is the keel
called Kawara. Fig.8 (b) and (c) show assembling of other
parts into Kawara. In ordinary way using 3D-CAD, all parts
are assembled after each parts modeling. But this way is not
satisfy our purpose. We made 3D model as shown in Fig. 8,
parts modeling and assembling were simultaneously
performed like real making processes.

Fig. 8 Assembling

(a) Scale model (b) Completed scale model

Fig. 9 3D-CAD model

Toko (Rudder holder) Kaii (Rudder)

Ro (Oan Osiage (Slider)
Fig. 10 Parts for fishery functions

(b) 3D-CAD model
Fig. 11 Actual ship and 3D-CAD model

Fig. 9 shows 3D-CAD model. Fig. 9 (a) is the model of
basic ship function which can float on the water as same as
scale model makeing, and (b) shows the complete model has
all parts for fishery functions, and also has oar and rudder. Fig.
10 show fishery function. These parts are assembled to decide
position and course of the ship. Assembling these parts,
“Tsunoshima-denma” ship has the function gathering marine
product in shallows.



Fig. 11 shows the actual "Tsunoshima-denma" ship and
assembled 3D-CAD model. As seen here, some differences
occur between the real ship and the 3D-CAD model,
especially front part of the ship. These differences were
caused from the fact that there was no design drawing with
correct dimensions. To prevent these differences, accuracy
measuring of shape and dimensions of ship's parts is important.

D. EDITING LEARNING MATERIAL

The learning database about the process and method of
shipbuilding was expressed by using HTML format. This
database, including original size drawing data, can help
apprentice (successor) to understand size and shape of the ship.
Fig. 12 is the top page of the learning materials.

AREERNES
NAREREEE?

Fig. 12 Top page of HTML database

=0 %

Fig. 13 3D-PDF model

Fig. 12 shows the database, which consist of multimedia
datum.  This database includes 3D-CAD model's data.
Clicking these pictures, the detail data to understand
shipbuilding process (document, movie, photograph, etc. and
3D-PDF model and 3D-CAD data) is shown on the display.
Fig. 13 shows the 3D-PDF model made from 3D-CAD data.
We can operate and change the ship angle on screen and can
imagine the shape of the ship. In this database, the history of
3D-CAD model is included like Fig. 14. The right side of the

picture is history function of 3D-CAD. It is very important in
this proposed learning process that the successor can learn
shipbuilding process by using of this history tree.
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IV. CONCLUSIONS

We understood the actual shipbuilding deeply, by
fabrication of the 1/12 scale model. In spite of making only a
scale model, we experienced how difficult the process is, and
how long time is needed to make it. Since producing of real
size ship needs much time and materials, making scale model
is economical way to understand shipbuilding process.

On the other hand, 3D-CAD modeling of "Tsunoshima-
denma" ship in the similar way with actual procedure is very
important. Especially using the history function of 3D-CAD is
much effective to understand the processes. Now, preserving
shipbuilding process on the computer has been almost
achieved. Finally, the new preserving method and learning
material of traditional skill and technique proposed here will
be expected to be able to apply effectively to other many
fields.
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Abstract—Automation systems are generally made up of three
main components, namely software, electronics/electrical and
mechanical subsystems. The interactions among these
components affect the integrated system in terms of reliability,
quality, scalability, and cost. Therefore, it is imperative that the
three components of automation systems are designed
concurrently through a system design paradigm generally
referred to in literature as mechatronics. In this paper we
present a mechatronics project used to teach integrated design in
the Industrial Controllers and Networks course, in the Bachelor
of Technology program at McMaster University. In this project,
students work in groups of three or four people to design and
implement a line following robot that is capable of turning
around when the line terminates. The robot has wheels and main
body which make up its mechanical system. In addition, it has a
power supply, microcontroller, motors, and line-sensors all of
which are integrated into its electronics/electrical subsystem.
Finally, the robot has software that controls its mechanical and
electronics/electrical subsystems.

mechatronics,

Keywords—Automation-systems, robot,

teaching-design, concurrent-design;

l. INTRODUCTION

In 1969, a senior engineer of Yaskawa, a Japanese company,
introduced the word mechatronics to describe systems that use
electronics to control mechanical components [2, 3]. Over the
years, the definition of mechatronics has involved, and
currently, it is used to mean the design, selection, analysis and
control of system that integrate mechanical elements with
electronic and software components [3]. This definition
encompasses automated systems, making it appropriate to
teach mechatronics principles in the Industrial Controllers and
Networks course, in the Bachelor of Technology program at
McMaster University.

It is generally agreed in literature that industry demands for
new engineering graduates who have a strong multi-
disciplinary background [4]. Fortunately, mechatronics is one
of the few disciplines that are intrinsically multi-disciplinary.
This makes it a good candidate for group based learning. In
fact, group projects are an integral part of undergraduate
mechatronics courses [5]. Through these groups, students are
able to develop both practical and theoretical understanding of
the course material. Moreover, they develop the interpersonal
and communication skills necessary to work in the modern
workplace [1]. In our course, we first cover the material used

in the mechatronics project through lectures. These lectures
include small group discussions, class quizzes as well as take
home assignments. Thereafter student do laboratory work in
which the lecture material is applied. The mechatronics project
focuses on microcontroller programming, interfacing of
microcontroller with sensors and actuators, as well as the
mechanical integration of system components. Moreover, the
project is used to strengthen students’ knowledge in circuit
analysis and design, a topic that is covered earlier in another
course in the Bachelor of Technology program at McMaster
University. In that project, students working in groups of 3 or 4
optimize the design, build and then test a small robot that uses
autonomous control to follow a black line % inches wide,
drawn on white background course.

The rest of this paper is arranged as follows: In Section 11
we present the background of our mechatronics project and in
Section 111 we present a description of the robotic car used in
the project. In Section 1V we discuss the design of the robotic
car. Finally, the conclusion and future work is covered in
Section V.

Il.  BACKGROUND

Mechatronics involves concurrent design and implementation
of mechanical, electronics/electrical and software systems of
an integrated system. The concurrent design and
implementation process is necessary because the interaction
among the mechanical, electronics/electrical and software
systems affect the integrated system in terms of reliability,
quality, scalability, and cost [3]. A mechatronic system can
also be decomposed into hardware and software components.
Figure 1 shows the hardware components of a mechatronics
system, while Figure 2 shows the software representation of a
mechatronics system.

A. Hardware

The mechanical system is the main component of a
mechatronics system (see Figure 1), because it is the system
that needs to be controlled. Such as a system may be a cutting
tool of a CNC machine, an automated scale of a packaging
machine, or a vehicle cruise control system [2]. The controller
gets information about the state of the mechanical system from
sensors. Since the sensors and controller may have differing
input/output electrical characteristics, interfaces may be used to
interconnect them. A similar situation exists between the



controller and the actuators that are used to change the state of
the mechanical system based on the controller commands. Note
that the controller is the brain of a mechatronics system. It
integrates user inputs and sensor information to generate
actuator commands based on the stored user program.

Mechanical
System

Continuous and
Discrete Parameters

Actua@

i Interface E VVVVVVVVVVVVV
,{— Controller

Digittal and Analog

Contiruous and
Discrete Variables |

Sensors

Digital & Analog

Qutputs ] nput
| User
| Interface WMonioring and Visualization

Figure 1: Hardware view of mechatronics systems

B. Software

From the software point of view, the knowledge
representation system is the main component of a mechatronics
system (see Figure 2). It utilizes the user and sensor data to
generate information that is used by the decision making
component to issue commands to actuators. The type of data
received from the sensors, as well as the nature of commands
expected by the actuator affect the software design. Hence the
need to concurrently design the software and hardware systems
through the mechatronics design paradigm.

User. User Input
input Data
Knowledge Representation | Decision Making
Component i Component
Sensor Data |
Sensor Actuator
Input Commands

Figure 2: Software view of mechatronics systems

I1l. DESIGN AND IMPLEMENTATION

The focus of the mechatronics design project of the Industrial
Controllers and Networks course, in the Bachelor of
Technology program at McMaster University is to optimize the
design of a robotic car that follows a line, and to build and test
the robot. Therefore, students working in groups of 3 or 4 are
given a kit of the major components of the robot, including: the
microcontroller, DC motors, wheels, DC motor drives, and a
solid works file of the robot main body or a 3D print body of
the robot. On the other hand, the students are not given
resistors and other components required to limit sub-circuit
currents and set different reference voltage levels of the robot
electronics/electrical circuit. Moreover, the students are
allowed to switch out some of the project components within a
given a cost limit.

Once all the mechanical and electronics/electrical components
have been integrated, students program the robot according to
control strategy developed during the design optimization
process.

A. Mechanical System

The mechanical system that needs to be controlled in this
project is the main body of the robotic car and its wheels, as
well as the claw that picks objects placed on the line track. The
main body of the robot has to be designed to have mountings
for the claw, microcontroller, sensors, actuators and the power
source. Figure 3 shows the 3D printed body of the robot with
the electronics/electrical components already mounted onto it
(robot hardware). Moreover, the figure shows the robot claw,
as well as the conceptual design of the robotic. Note that
students can modify this body to accommodate any
components changes that they may make.

Design Concept

Robot CIw

~Robot Main aayk '
Figure 3: Robot Hardware

Figure 4 shows a modified version of the robot that is modified
to accommodate both object and line sensors

Objects Sensor

Figure 4: Robot with object and line sensors

B. Electronics/Electrical System

The electronics/electrical ~ system  consist of the
microcontroller, object and line sensors, motors, motor drives,



and the power sources. Figure 5 shows how a motor is
connected to the L293D motor drive. The two command
signals from the microcontroller are used to control the
direction of rotation of the motor and to start/stop the motor. If
one of the signals is high, the motor rotates in one direction,
and if both signals are low or high, the motor stops

Signal 1
i
Signal 2
Y rzeng s = e Vet
1alz  1sfl4a
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Figure 5: DC motor and motor drive

Figure 6 shows the entire circuit diagram of the robotic car
electronics/electrical system. From the figure, it can be noticed
that a power source of 9V powers the motor and the motor
drive. But the microcontroller and the sensors are power
through 9/3.3V voltage regulator. The figure also shows
resistors used to limit currents in sub-circuits and to provide
various reference voltage levels. Furthermore, Figure 6 shows
that the turning action of the motor is achieved by either
slowing down or stopping one of the motors, using motor drive
L293D control signal 11 for one of the motors and 14 for the
other. For fast turning, one of the motors could be reversed
using motor drive L293D control signal 12 for one of the
motors and 13 for the other.
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Figure 6: Robot circuit diagram

C. Software System

Just described in Section I1B, the software system of our
robot has three main components, namely: user input and
sensor data component, knowledge representation component
and decision making component

User input and sensor data component: This component is
represented by the variables that store user input and sensor
data. These variables as well as their type have to be declared

in the software so that the controller can reserve memory for
them. For example in our robot we have to declare two
variables of type Boolean. One stores user input data for
starting and stopping the robot, while the other stores the
presence or absence of an obstacle in the robot track.
Moreover, we have to declare two variable of type Integer that
store the color of the surface under each of the two line sensors
(see Figure 4).

Knowledge representation component: This is the
component that stores the meaning of the various combinations
of states of the user input data and the sensor data. While there
are many knowledge representation methods in literature, we
use rule based knowledge representation in our robot. Column
two of Table 1 shows some example of knowledge rules of the
robot. Note that the discussion of knowledge representation is
beyond the scope of this paper.

Decision making component: This component utilizes the
meanings of the current combinations of user and sensor data
derived by the knowledge representation component to issue
commands to actuators that change the state of the mechanical
system. The state of the system is changed in such a way as to
achieve the system objective, which in this case is to follow a
line and to remove objects on the robot track. Column three of
Table 1 shows some examples of the decisions made by our
robot based on the knowledge in column two.

Table 1: Knowledge Representation, Decision Making and
Pseudo Code Examples

No.| Knowledge Decision Pseudo Code
Representation
1. |IF left line sensor | IF robot is IF ( LeftSensorColor =

s over white board | getting off line | Whiteboard &&

and right line towards left, RightSensorColor = BlakLine)
sensor is over black| THEN stop or {
ine, THEN the right motor LeftMotor = ON;

obot car is getting RightMotor = OFF;
pff the line towards End IF;
the left }

2. [F both line sensors| IF the robot IF ( LeftSensorColor = BlackLine

are over the black | car is moving && RightSensorColor =
ine, THEN the in the direction | BlakLine)
obot car is movin -
n the direction ofg of the line, EeftMotor = ON;
the line THEN keep RightMotor = ON;
both motors End IF;
running }

Note that in some cases the knowledge representation and the
decision making components are integrated to form “IF”
statements in the software application. Column 4 of Table 1
shows the pseudo code of the combined knowledge
representation and decision making.

IV. DISCUSSION

We have done this project for the last four intakes because it is
the basis of our laboratory-based learning model in the course,
Industrial Controllers and Networks, in the Bachelor of
Technology program at McMaster University. Every other year
we change the microcontroller. Furthermore, we give the CAD



file of the robot body to students to modify the design if they
wish; and over the years, students have always made many
changes to the entire design. For example, they select different
sensors, motor drives, and power supplies. Consequently, they
have to change the mechanical design of the robot body, and
have to use different algorithms in their robot control
programs. Moreover, students implement additional features
that may earn them extra credit.

In this section we present some of the observations that we
have noted about our mechatronics project. The observation
clearly prove that a given software design for automated
systems works well only for specific mechanical and
electronics/electrical designs. This is caused by the level of
interaction among these systems, hence warranting the use of
the concurrent design paradigm of mechatronics. Moreover,
this justifies the teaching of concurrent or integrated system
design in the Industrial Controllers and Networks course, in the
Bachelor of Technology program at McMaster University.

Observation 1: Our robot was designed to have two line
sensors both have to be directly above the black line when the
robot is moving in the direction of the line (see Table 1). As the
robot starts to move in a different direction from that of the
line, one of the sensors goes directly above the white board,
and a decision is made to slow or stop one of the motors in
such as a way as to bring both the sensors onto the line. This
makes the robot to turn in the direction of line. If we had
designed the robot to have two line sensors mounted directly
above the white board with the black line sandwiched between
them; or if the robot had a single line sensor; the knowledge
representation and the decision making process would have
been different.

Observation 2: Our robot turns by stopping one of the
motors. If the robot had been designed to make smooth turns
by slowing down the motors, or designed to turn fast by
reversing one of the motors, the actuator commands as well as
the electronics/electrical system would have been different.

Observation 3: The color under the line sensors can either
be white: the color of the board on which the line is drawn, or
black: the color of the line. Therefore, with the use of

appropriate sensors or sensor/controller interface, the sensor
data can be type Boolean. This has a profound effect on
memory use since Boolean data type requires one bit of storage
per variable while Integer data type requires two bytes per
variable. This shows the relationship between the
electronics/electrical design and software design, and hence the
need to carry them out concurrently.

V. CONCLUSION

In this paper we discuss the need to teach a design paradigm
the supports the concurrent design of mechanical,
electronics/electrical and software components of automated
systems such as robots. Such a paradigm is generally referred
to in literature as mechatronics. Moreover we describe a
mechatronics project carried out in the course, Industrial
Controllers and Networks in the Bachelor of Technology
program at McMaster University. In the future we would like
to integrate a pick and place robot with our robotic car. We
hope to have two groups collaborate in this project, where one
group would focus on the pick and place robot and the other
group would focus on the robotic car. Thereafter the two
groups would integrate the robots to form a single pick and
place line following robot.
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Abstract—I present in this paper overview of an experiment
that was carried out at McMaster University, Canada on
teaching electromagnetics. A combination of experiential
learning and blended learning was used at an introductory
electromagnetics course. The results show improvement in the
way students rated both the instructor and the course as a whole
and in the way they understood the subject and how it relates to
real life. | discuss different aspects of this work and present
recommendations for improvement

Keywords—Experiential Learning, Blended Learning, Lecture
Casting;

. INTRODUCTION

Experiential Learning (EL) is a great tool for teaching
engineering concepts [1]. In this approach, students learn
through actual experiments the different underlying concepts.
It is different from the old class setting where a professor
would teach all the concepts and students then apply them to
assignments and projects. In EL, students acquire the
necessary knowledge on their own with the instructor
effectively turned into a supervisor. The bases for EL are
many studies that show that knowledge is better learnt and
retained through experiences.

Blended Learning (BL) [2] is another learning approach
that attempts to better use the precious classroom time. Instead
of spending the available classroom times in discussing
theoretical concepts, the instructor usually puts his material
online in the form of cast lectures for the students in advance.
The lecture time is then dedicated for discussions, solving
interesting examples, applications, and having quizzes about
different aspects of the subject.

Electromagnetics [3] is a subject that would benefit greatly
from both approaches. It is feared by most engineering
students because of highly mathematical content and its
dependence on vector calculus and algebra. Students usually
have difficulty envisaging the meaning of the different
concepts. They also usually have a problem in linking the
abstract equations they study to real-life applications. The
nature of the subject and the unclear connection to
applications, especially in introductory courses, is what
prompted this study.

In this work, we report on an experiment that aims at
improving the way electromagnetics are being taught. We

utilize a combination of EL and BL in this experiment. The
results of the course evaluation which was conducted in an
independent way, shows significant improvement in the way
the students appreciated the course and the instructor’s
effectiveness as a teacher.

We start in Section Il by describing the experiment and all
the tools used to carry it out. We then report on the findings
and the feedback used in Section IlIl.  Finally, more
recommendations for improvements are suggested in Section
V.

Il.  EXPERIMENT DESCRIPTION

This experiment was conducted in the winter term of 2014 in
the introductory electromagnetics course EE2FH3. The class
size was 215 students all in one section. The course format
included 3 lectures per week and one tutorial. This course did
not have any laboratory sessions.

A. The Beginning

Students were informed at the very first lecture that they
are a part of an experiment in engineering education. The
format of the new course was explained to them. The
difference between the way the course was taught in previous
years and in the current year was explained.

B. Experiential Learning

Students were informed in this first lecture that they will
have to carry out a practical design problem of an
electromagnetics structure used by industry. They were given
a suggested list of possible electromagnetic structures
including microwave filters, photonic filters, impedance
transformers, interaction of electromagnetic waves with the
human body, microwave antennas, nano antennas, and
metamaterials. The instructor gave a brief definition of each
class of structures. Students were asked to form themselves
into groups of 5-6 members. Each group was then asked to
pick up a project and make an initial YouTube presentation
about it to the class within one month of the course start. In
this YouTube proposal, the students were asked to include an
interesting and not-so-technical overview of this class of
structures and a detailed explanation of the specific high
frequency geometry they plan to design and what are the
design specifications. To improve the students’ understanding
of the different application and to give them a broader



overview of applications, the proposal of every group was
peer-evaluated by all other groups for clarity, technical content,
and quality of proposal.

After the initial proposal was approved by the instructor,
students were asked to learn and use the free electromagnetic
solver OpenEMS [4] in simulating and designing their
structures. Using this solver requires good understanding of
the underlying advanced concepts that a practicing engineer
would be familiar with. The instructor offered biweekly 15-
minutes meeting with every group to check on their progress
and give them advices on how to proceed. At the end of their
project, students were asked to prepare another YouTube
presentation illustrating their structures, the optimal designs
they created, and the results they obtained. They were asked
also to submit a final written report of this proposal.

C. Blended Learning

Students were informed at the beginning of the course that
the way the material will be developed in this course will be
different. The instructor converted every lecture into a video
that was put on YouTube by 5:00 pm the night before the
lecture. Students were asked to watch this YouTube lecture
and come to the classroom to discuss applications, solve
interesting problems, and have quizzes. Effectively, this
resulted in having 4 tutorials per week instead of one. The
number of solved examples and applications was at least 3
times the number in previous years. The instructor utilized the
software DoodleCast Pro available in iTunes in casting his
lectures.

Fig. 1 illustrates the general philosophy used in this course.
At the lower level of the knowledge pyramid, the instructor
taught students the basic concepts during casted lectures and
tutorials. At a high level of the pyramid, students are assumed
to have already sufficient knowledge to carry out an advanced
project that only a practicing engineering would be able to do.
They had to acquire the necessary knowledge through reading
research papers, online materials, and through the interaction
with the instructor.

I1l. RESULTS

Over 85% of the students were able to successfully finish
their projects. Many went beyond what is expected from them.
The structures designed by two groups of students are shown in
Figs. 2 and 3. In Fig. 2, the propagation of an electromagnetic
wave resulting from a cell phone inside a numerical model of
the human head was investigated. This project required
learning the advanced feature of importing numerical models
of biological tissues into the solver. Fig. 3 shows a hairpin-
type antenna whose response depends on the geometrical and
material properties. The responses obtained from the students
work match well those reported in the literature While these

Fig. 1. Course philosophy; at a lower level, students are
learning basic theoretical details and at a higher level students
are carrying out advanced projects.

Fig. 2. The numerical model of the human head utilized by the
students of one of the groups [5].
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Fig. 3. The Meander antenna simulated by one of the students’
groups [6].
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Course results using Experiential and Blended

projects are actually graduate-level projects, the second year
students were able through experiential learning and regular
supervisory interactions to grasp the basic concepts and use
them successfully

The final course results showed a bi-modal distribution.
Over one third of the students scored in the A- to A+ range.
One fourth of the students scored in the C range as shown in
Fig. 4. The instructor correlates the result with how the
students observed the blended learning methodology. Students
who watched the YouTube cast lectures on time and attended
the classroom discussions were very likely to do very well in
the course. Students who lagged in watching the posted videos
and attended the classroom without having the necessary
theoretical background ended up doing worse than the other
group.

When the instructor taught this course for the first time
using traditional teaching methods, he received a below
average evaluation as instructor with a score of 6.15 out of 10.
Such a score is very common when teaching courses with
abstract content such as EE2FH3. In this experiment, and
using this combination of Blended Learning and Experiential
Learning, the instructor received an above average evaluation
of 8.1. Previously, most students would not write any free
comments about the course. This time, students wrote over 10
pages of free comments suggesting how to improve this
experiment in the future.

IV. FEEDBACK AND SUGGESTIONS

The vast majority of students’ comments were very
positive. Except for very few, they all believed that having the
lectures posted as videos was very helpful. This gave them the
liberty to watch the videos as many times as they want and
whenever they want. The main criticism for this approach was

the time-constraint.  Many students complained that by
watching the videos at home and then coming to the classroom,
the time for lectures has effectively been doubled. This alone,
given the busy schedule they have, have strained them. There
were several proposals to eliminate one lecture per week and
convert it into office hours to remedy this shortcoming.

Most students liked the idea of having an experiential
learning-based project. Most of them felt that the abstractness
of the course was significantly diluted by using this project.
Some students asked that the online videos be posted way
earlier than the lecture time. This was not possible this time as
the material was developed as the course proceeded. The
experiment was overall very positive and received praise by
independent observers.
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Abstract— The necessary equations and expressions for airctaf
motion simulation are introduced in both full non-linear and also
linear form. Description of forces and moments actig on the
aircraft is also presented since it represents a tal aspect. A
suitable technique for numerical integration was gen.
Implementation of the direct numerical solution to the
longitudinal equations of motion was performed. Twacases were
investigated, the first one is the effect of the Jleestablished
stability derivative ‘C,,’ and the second one is the effect of gust
through five different models, on selected longituichal motion
variables. Results show the clarity of the outputlt is in the form
of time history, it is readily understood. It requires virtually not
much of experience. Suggestions were made to addpe current
approach for education and industrial proposes.
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Il.  THE MATHEMATICAL MODEL

Aircraft equations of motion are derived using sl basic
laws of dynamics, where details of such derivatioosld be
found in any text of flight mechanics such as ip [lhey are
described as first order non-linear ordinary ddfeial

equations of constant coefficients. Dealing with #guations
in the non-linear form is not a simple task, soukeal way is
to simplify them, through some assumptions basedroall

perturbation theory, to convert them into lineanaipns. This
simplification or linearization process leads tootweparate
sets of equations, one for longitudinal motion #relother for
lateral-directional motion. These two sets of emunat could

be solved separately. Without going into the detai the

derivation, the full non-linear equations of aiftnaotion are
given as;

learning;
u= 2F, —qw+rv (1)
I.  INTRODUCTION m
For aeronautical engineering students and engineers . Fy
understanding how the aircraft behaves in air, @ajpg after a V= —rfu+ pw )
disturbance, is a very significant subject. Solvthg aircraft
characteristic equation for longitudinal and/oetat motion, is W= 2F, — pv+qu A3)
the standard technique used for free response sasalyhis
technique requires sufficient amount of experieticanalyze 1
and investigate. It also does not reflect theustatf aircraft ¢ :—[Z L —(I | y)qr +1,(F+ pq)] 4)
behavior in a sufficient clear way. Iy
Another alternative approach is the direct solufiotime y — i (1 - 2 2
domain for uncoupled equations (longitudinal anerkl), or q I [ZM (IX Iz)rp+ l Zx(r P )] ®)
even for the full non-linear equations, for the esasvhere y
decoupling is impossible. This technique is shéwhe a very i = Ii [Z N - (| ,- |X)pq w1, (p+ qr)] (6)
z

reliable technique. Direct solution could be parfed
numerically using the proper numerical integratadgorithm
and step size. The aircraft response being disglay time,
lends itself to direct interpretation, it requirétle or no
experience to understand. In this paper, the nagesguations
of aircraft motion both in non-linear and decouplegarized
form, along with other complimentary expressionse a
presented.

A computer program was prepared, and motion sinonlat
for a hypothetical aircraft was performed.

Equations ‘1-3' represent the change of linear ciglo
components (u, v, w) with respect to time, whileiaipns ‘4-
" represent the rate of change of angular
components(p, g, r) about the three body axes (&Y Z)
respectively. Also ‘m’ is the aircraft mass, agdl, I,, and ,
are the standard moments and product of inertiaddition to
these six equations we may add three equationesepting
the change of the three Euler angles (the pitcleafighe roll
angleg and the yaw anglg) which give the orientation of the
aircraft as;

6 = qcosp-rsing @)

velocity



@= p+qsingtand +r cosptand (8)

@ = (gsing+r cosp)sedd 9)

In the upper equation.F, , 2 F, , and X F, are the
externally applied forces on the aircraft, whitelL , 2. M

and 2. N represent the three applied moments. The upper

equations could be put in the linearized form aftéoducing
some simplifying assumptions; they are separat¢o two
independent sets, one for longitudinal motion dreddther for

lateral-directional motion. Fore ample the longihad
equations are given as;
. F , F 1
u= 2F, -qw, w=—Z £ +qu, q:—[ZM] ,
m m I,
andd=q (10)

I1l. DESCRIPTION OFFORCES ANDMOMENTS

With aircraft motion modeling, estimation of ther@dynamic
forces and moments is the most significant and difficult
part of the process. Experience and physical indighk led to
determination of the most affecting motion variabl&@hese
forces and moments are expressed in terms of fleeard
stability and control derivatives [1]. The desdopt of such
forces and moments is given as;

YF, =T-mgsind+(C, +C ,.d,)88  (11)
> F, = mgcosfsing + (Cyﬂ L+C 50, +Cs 5 Jos

(12)
>F, = mgcos@cos¢+{(cZT +Cj" (@-ar) +C2q(qC/2V)}qS
+C,, (aC/2V)+C 40,
(13)
pb
Cr +Cla(a_aT)+C|ﬂ'ﬁ+Clp'(E)
- ac ac rb _
2L= +C|q Ej"'cla(aj"'cn(aj Oﬁb
"'Cu{%j"'cm 0,+Cs .0
_ (14
CmT +Ca(a aT)+Cm,8'/8+Cmp (p_bJ
_ oc ac rb _
M = C |—|[+C |— |+C
Z + mQ( j+ ma(z\/j-l- mr(z\/j C&
fo
e
(15)

&

CnT + Cna (0' —a; ) + Cnﬁ'ﬁ + Cnp'

_ Vel ac rb _
N=| +C |—|+C, | — [tC. .| — b
Z nq(z\/) na(z\/) nr(z\/j CS
+C ., 'j+Cm,a.5a+Cn&.a'r |
(16)

In the above summationsF, F, are the externally applied
forces, while L,M,N are the resulting moments alibetbody
axes which are centered at the aircraft C.G. ‘Tthis thrust

force, ‘S’ is the reference area)’ is the dynamic pressure,

‘C’ is the mean aerodynamic chordy, G, etc are the
standard stability derivative$, 6,, and§, are the elevator,
aileron and rudder deflections respectively . Thlessript (T)
refers to trim condition. To complete the analygiquations
for the rate of change of aircraft positiotK( Y, Z) with
respect to a fixed point on earth, also the eqnatifor the
angles of attack, sideslip and their rates of chamrge
required,;

X = ucoa//cose+v(coa//sin95in¢— sinz//cosqo)

+vv(coa//sin¢9cos¢+ sinz//sin(p)

Y = using cosd + v(sing sindsing+ cogy cosy)

+w(sing sinfcosp - cogy sing)

(17)

(18)

Z =-usingd +vco¥sing+wcoHcosy (19)
a =tan(wu),¢ = (uv— aw)/ (u? +w?), (20)
p=tan(v/u), 4= (ur - w)/(1* +v?)

V= (u2 +V2 4+ vvz)l/2 (21)

IV. NUMERICAL MODEL

The above equations either in the full non-lineantf or in the
linearized form could be numerically integrated ngsithe
proper scheme and integration step, and the propeal
condition before perturbation (e.g trim conditidos straight
and level flight). The fourth order Runge-Kutta pees has
been used successfully for this purpose. The emithr this
process is in order ofAT)®, whereAT is the integration step
size, with time is the independent variable. Dstaif this
technique could be found in many texts dealing with
numerical methods and applications [2, 3]. The micak
stability of solutions depends upon the choicehef suitable
integration step size, and the accuracy is quitee@able
according to engineering practical standards, sineeerror in
the process is the step size raised to the power\/e should
always keep in mind that numerical solutions angraxmate
solutions, however they are very handy from prattic
engineering point of view.



V. RESULTS OFNUMERICAL SIMULATIONS

As we mentioned earlier, the equations of motionldde
integrated numerically along with other related resgion to
give full picture of the aircraft behavior. Bothrgmns; the
full non-linear equations [4] and the linear eqolasi have
been used for this purpose. In this paper some Isarapults
using computer simulation and solving the airceaftiations
of motion numerically are presented for aircrafcalgpled
equations. The longitudinal equations are usedvestigate
the aircraft response to different models of gustid to
investigate the significance of the well establaststability
derivative ‘G, . A lot of material could be found in both
subjects in many text books dealing with aircradtbgity [1,
5, 6].

Figs. 1 to 3 below show the time history of some

longitudinal variables namely the angle of attagk §énd the
pitch velocity (q) after impulse elevator perturba with

different values of the stability derivative 1. This is in fact
a well known stability derivative. It reflects tdegree of static
stability of the aircraft. In other words it is dwwn to be the
deciding factor with regard to static stabilityetimore negative

the value of G, the more statically stable the aircraft is. iStat

stability is a requirement of dynamic stability.héFefore the
effect of this stability derivative is quite obvewas we look
upon the motion time history. Comparing Fig.1 witly. 2

gives a direct impression that with,Cpositive i.e. statically
unstable configuration, the aircraft is dynamicailhstable, the

figure talks by it self, werex’ went into unreasonable values.

This infract represents a very unstable case.

t (Sec)

Fig. 1. Effect of G, (C,=-0.3), after elevator impulse
perturbation.
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Fig. 2. Effect of G, (C,=*0.3), after elevator impulse
perturbation.

Fig. 3 below shows the effect of the respectedilgtab
derivative being small negative value (-0.05) juest stable
configuration, and a small positive value (+0.05)ei just
unstable configuration. Changes in the angle efcktindicate
little dynamic stability for the negative value easompared
with the stability derivative being given the nomtivalue Fig.
1. In this case it will take the angle of attackeay long time to
come back to the steady state value. The same irdthd
positive value derivative i.e. the behavior islsiistable but
with less degree of instability compared to Fig. 2.

Cma=-0.05
- - - -Cma=0.05

4
=
o
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Fig. 3. Effect of G, (Ci,=20.05), after elevator impulse
perturbation.

An investigation into the effect of different moslebf
longitudinal gust, on the longitudinal motion, wdsne using
the linearized longitudinal equations of motion. trdn angle
of attack of “5 deg.” was the initial condition beé¢ the
beginning of perturbation in the form of gust. this
investigation five models of gust (G1-5) were used;

(G1)- Sharp gust, (G2)-sinusoidal gust, G3-ramp,JBéd-
trapezoidal gust, and G5-(1-cos) gust. The frepaese of the
hypothetical aircraft is given in Figs. 4 and 5dvel Changes
of the angle of attack and the pitch angular v&oap to 40
seconds of simulation are presented. They are epuident
changes with every gust model. The gust model §)-gave
the minimum effect among the five models investdatin
these simulations the components of wind velocitgre taken
as y=5 m/sec, and y¥2 m/sec. the effect of gust was
introduced after one second from the begging ofukition.
Investigation of gust effect on aircraft motionaiwital subject
regarding safety operations of aircraft and comfoift
passengers. In such investigations many other rivdtion
could be found such as the vertical component @ th
acceleration where this is an important informatitom ride
comfort point of view, however they are not presdnhere
because of limited space and time.
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Fig. 4. Aircraft pith velocity response to diffetenodels of
gust.
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Fig. 5. Aircraft angle of attack response to défgrmodels
of gust.

VI. FINAL CONCLUDING REMARKS:

Direct solution of aircraft equations of motion mapresent a
useful tool in flight mechanics. Using the propguations and
the suitable numerical integration scheme givesilteghat

can be easily understood and interpreted. Thisntqak lends
it self to treat very difficult cases where decaogl of

equations and building the characteristic equatimn
impossible. The numerical integration with 4th aréRunge-
Kutta process requires only the value of the végiand it is
derivative at the starting time. The error is withthe

engineering accuracy. Therefore; besides the toadit way
of solving the characteristic equation we suggésit the
approach discussed in this paper be introducedetissince it
represents a very handy tool for education and simgu
applications.
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Abstract—In the teaching of engineering programs,
laboratories are sometimes offered in conjunction with large
lecture courses so that students may acquire technical skills and
apply concepts and theories presented in lecture. However, in many
cases laboratories are offered as “stand-alone” courses with no
connection to any other parent course. In fact, even where
laboratories are related to a parent course, they often have their
own agenda that in many cases is not related to lectures. This
teaching approach is contrary to what is generally agreed in
literature, that comprehension improves when people learn
concepts through multiple methods. In this paper we present a
learning paradigm that ensures that the core concepts of courses
are presented to student through lectures, laboratories and course
projects. This approach ensures that students learn the key
concepts of courses through multiple methods. When we used this
approach to teach the course Industrial Controllers and Networks
in the Bachelor of Technology program at McMaster University,
results showed that students’ comprehension in the associated
course material improved. Moreover, we received a lot of positive
feedback from the students. In the future, we would like to carry
out a former study to determine the educational effectiveness of this
learning paradigm.

Keywords—Engineering-programs, Laboratories,

Course-Projects, Learning-Paradigm

Lectures,

l. INTRODUCTION

In general, students prefer different learning styles. This
usually causes difficulties for instructors to gain attention of
students and ensure that they learn effectively. For some
students a demonstration or a model they can see and touch is
what stimulates their comprehension. For others, it is a video
of an application of the concept that makes it click. Some want
to work one-on-one with the instructor, while other students
find it easy to learn through small group discussions. This is in
no way an exhaustive list, and it is the responsibility of the
instructor to identify and utilize the various teaching modes
that are appropriate for their courses [2]. It should also be
noted that, it is generally agreed in literature that individual
students learn better if the material is presented to them
through multiple modes [1, 2]. Therefore, it is important that
course instructor use multiple teaching modes to ensure
effective learning for all students in the class.

The first part of this paper presents how we used multiple
teaching modes in the course, Industrial Controllers and
Networks, in the Bachelor of Technology program at

McMaster University. In the second part of the paper we
describe an example topic that was covered in a class lecture,
and how the lecture material was thereafter used in laboratory
work. Moreover, this part of the paper describes how both the
lecture material and laboratory work was related to and used
in the course project.

The rest of this paper is arranged as follows: In Section 11
we present the background of our teaching approach and in
Section 11l we present a description of an example topic that
we taught using multiple modes. Finally, we present the
conclusion and future work in Section V.

Il.  BACKGROUND

Most learning material of the Industrial Controllers and
Networks (ICN) course in the Bachelor of Technology
program at McMaster University is first presented to students
through lectures. These lectures include some small group
discussions and class quizzes or take home assignments.
Thereafter, students do laboratory work in which lecture
material is applied. In some topics, the material covered in
lectures and in laboratories is directly applied in the course
project.

A. Lectures

During the lecture mode of the course material delivery in
the ICN course, some questions are posed to students to
stimulate discussions. These questions are designed to create a
backward and forward review of the course material.
Moreover, the questions are design to enable students to relate
concepts learned from different topics, and to develop
generalizations from the course material. For example in one
lecture the following questions were posed to the students:

e What is meant by the phrase “intrinsically safe
network?”
e Beside Profibus PA, what other network protocols
have we covered that are intrinsically safe?
e If a network is not intrinsically safe, can it be used in
an explosive environment? Why or why not?
The students were asked to work together in triads to come up
with answers. Afterwards the student groups switched papers
in order to grade the questions as the instructor explained the
answers. This activity provided an opportunity for peer-
learning and encouraged the students to learn the key concepts
in more depth through active learning. It also provided
immediate feedback to students on their level of understanding



of the course material. Moreover, the activity helped students
to reflect on the already covered course material and how it
related to the general use of communication networks.

B. Laboratory Work

Laboratory work in the ICN course is closely associated
with the lecture material. This work in categorized into three
groups, namely:

e Microcontroller labs: These labs cover the selection
and programming of microcontrollers. They are
associated with the microprocessors and controllers
topics covered in the lectures.

o Networks labs: The network labs cover socket
programming, Ethernet to RS232 conversion,
Ethernet  TCP/IP  and Radio Frequency
communication. These labs are associated with
lecture material covered in topics such as
communication, networking fundamentals, as well as
industrial networks and TCP/IP.

e Introduction to system integration labs: These labs
cover controller-sensor/actuator interfacing,
introduction to motion control and introduction to
vision systems. They are associated with lecture
material in the microprocessor and controllers topics.

C. Course Project

The course project focuses on microcontroller
programming as well as interfacing of microcontroller with
sensors and actuators. It is also used to strengthen students’
knowledge in circuit analysis and design, a topic that is
covered earlier in another course. The Networks component of
the ICN course is not included in this project. This is because
the component is covered in a project of another course for
which the ICN course is a prerequisite. That project is the
focus of our paper titled, “Laboratory Based Project for
Experiential Learning in PLC Systems Integration and PLC
Systems Data Access”, which appears in the proceedings of
the Canadian Engineering Education conference, Canmore —
Alberta, June 2014 [5].

I1l.  EXAMPLE OF INTEGRATED TEACHING

In this section we describe how we used multiple modes to
teach the microcontroller programming and microcontroller-
sensor/actuator interfacing topic in the ICN course.

A. Lecture Component of the Example Topic

In the lecture component of the example topic of
microcontroller programming and microcontroller-
sensor/actuator interfacing, we covered the following
subtopics: microcontroller selection, memory estimation,
analog to digital conversion, analog value to physical
parameter conversion, controller-sensor interface and
controller-actuator interface. Figure 1 shows a summary of the
material covered in the example topic. Moreover, the figure
shows that some actuators and sensors need interfaces to be
connected to the controllers. These interfaces work as

characteristics matching devices for the controllers and
sensors/actuators.
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Fig. 1. Summary of the example course topic

To spur discussions among students during the lecture

component of the topic, students were given questions such as:

e Explain how a 2mV/V rated load sensor would be

interfaced with a controller whose analog input
voltage rang is 0-5V.

e Explain how a Light Dependant Resistor (LDR)/Light
Emitting Diode (LED) combination is used to sense
colors, and how the combination can be connected to
a microcontroller that operates on a 5 Volt power
supply.

e If developing a system that involves measuring
temperature 0-100 deg. and accuracy of 0.2 deg.
What is the minimum number of bits a
microprocessor for this application have?

Moreover the students were given the following take home
assignment:

Design a DC motor drive for 12V DC motor, using the L293D
IC. You should be able to control the stop, forward and
reverse motion of the motor. Assume that the motor is to be
controlled by a microcontroller, whose output is limited to 3-
5V DC.

The students were instructed to hand in hard copies of the
assignment solution during one of the lab sessions.

B. Laboratory Component of the Example Topic

In this laboratory, students were required to send a Radio
Frequency (RF) signal from the transmitting circuit shown in
Figure 2 to the receiving circuit shown in Figure 3. The
transmitting and receiving circuits use TWS-434 transmitter
and RWS receiver and R-8P series 4-bit encoder/decoder from
Reynolds Electronics [3].

On power-up the R-8P series 4-bit encoder enters low
power sleep mode. When a data input pin is pulled high, the
encoder will wake up and begin the transmit process. First, the
encoder will record the state of the data lines, encode for error
correction and assemble the packet. It will then sample the
BAUD select pin to set the data rate, and then output the



encoded data packet on DOUT. The encode and transmit
process will continue for as long as any data input pin is high,
and return to low power sleep mode when all data input pins
return low. It will update the state of the data lines before
sending each packet, and finish the current transmission even
if all data inputs are returned to ground. On the other hand, on
powering up the R-8P series 4-bit decoder enters a timed loop
waiting for the synchronization byte. An internal 16-bit timer
is used to force an exit from the receive loop, and reset the
output pins every 65.5mS if no valid synch byte is received
during this time period. Note that 65.5mS is the maximum
time the decoder will hold an output high unless a continuous
valid data stream is being received. Once a valid synch byte is
received, the timer is disabled, and the remainder of the data
packet is received and stored for the verification process.
Immediately after receiving a valid data packet the decoder
begins the process of verifying the data, and checking for
errors. Once data has been verified, the decoded data will be
placed on the output pins, and the decoder re-enters the timed
loop waiting for the next valid packet. Holding encoder data
inputs at logic 1 will cause decoder outputs to remain at logic
1. Any break or interruption during the data verification
process will cause the decoder to reset all outputs to ground
[4]. Consequently, when the micro switches in Figure 2 (one
at a time), were pressed, the LED and the buzzer in Figure 3
were activated. The students were then asked to discuss their
observations.

In the last part of the laboratory, students were asked to
submit the assignment that had been given to them in class.
This assignment was marked and reviewed in the lab, and a
correct solution was shared among all students (see Section
I11. A). Figure 4 shows a complete solution of the assignment
that was given to students. In the figure, V¢ is the driver
supply voltage, Vcc; is the supply voltage for the motors M.
Pins 1 and 9 are the Enable pins, while pins 2, 7, 10, and 15
are control pins. Each student group decided on the voltage
levels of V¢c1 and Veco and on how to connect the motors.
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This solution was adopted from Texas Instruments’
quadruple half-H drivers manual [6]. Thereafter, students were
given the following instructions:

1. Build your motor control circuit from assignment 2

2. Apply 5V to the control PIN of your circuit, and note
your observation.

3. Remove the LED and the resistor connected to PIN 3
of the R-8PD IC in Figure 3

4. Connect the control of your circuit in part 1 to PIN 3
of the R-8PD IC in Figure 3
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Fig. 3. RF Receiver

5. Press the micro switches in Figure 2 (one at a time),
while examining the behaviour of the circuit in
Figure 3.
6. Modify the circuit in Figure 3, so that you can control
the forward and reverse motion of the motor.
7. Discuss your results
In addition, students examined the effect of removing the
freewheeling diodes.

A. Project Component of the Example Topic

In this course project, students were given the following
problem:

In this project students working in groups of 2 to 3 shall be
required to design, build and test a small robot that will use
autonomous control to follow a black line % inches wide
drawn on white background course. It shall be required that
the robot follows the line in a short period of time while
accurately tracking it from start to finish. To assess the
performance of the robot each group will present their robot
on the line course prepared for the test drive. The line course
will have a number of corners, and it will be approximately 2
metres long. Moreover, the students shall produce a project
report.
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Notes:

1. The robot shall be based on the MSP430
microcontroller. No other microcontroller shall be
allowed.

2. All components for the project shall be provided

3. Students shall be allowed to substitute some of the
components to up to $10 total. Note that those who
decide to substitute some of the component; shall
bear the cost of doing so. Moreover, the
microcontroller cannot be substituted.

4. Those who choose to substitute some of the
components; shall have to show a design based on
the provided components; and an explanation why
they had to substitute those components.

5. None technical reasons for substituting component
may lead to loss of marks

6. All component substitutions shall
approved by the instructor.

7. Destruction of any of the components may lead to
loss of marks. Students shall replace the destroyed
components at their cost.

need to be

To carry out this project students had to utilize knowledge
acquired from other course such as Electricity and Electronics,
and from other course topics and laboratories such as
microcontroller programming. Figure 5 presents an example
of the circuits that were produced by students. In this circuit, a
9V battery was used to power the robot car. Two regulators
were incorporated to provide 5V to power the L293D motor
drive as well as its enable pins and 3.3V to power the MSP
microcontroller. The motors were powered directly by the
battery. The LDRs are connected to the two analog input pins
(P1.6 and P1.7) of the microcontroller, and the direction of the
motors is controlled through 4 digital output pins.

IV. CONCLUSION

The description in Section Il shows that students were
taught the topic on microcontroller programming and
microcontroller-sensor/actuator interfacing through multiple
modes. The students learned through lecturing and small
group discussions.

Rl
110

S #1s Microcontroller (4[|
r MSPe0G2553

LDR | LDR
2

P2

Figure 5: Example Circuit of car robot

They also took home an assignment that was later used in a
laboratory. Thereafter, the student applied and extended their
knowledge in the topic through a project. In this case, those
students who learn better from lectures were accommodated.
We also accommodated those who learn better through
discussions, or hands-on activities. Moreover, every individual
student had the opportunity of having the topic material
presented them through multiple modes. A review of students’
marks showed that they performed better in those topics which
we were able to present to them through multiple modes.
Students also performed very well in the robot project, with a
class average mark of 85.6%.Furthermore, we received a lot of
good feedback from the students about the way this topic was
taught. In the future we would like to carry out a formal study
to determine the correlation between students’ performance
and teaching through multiple modes.
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Abstract-1t is known world wide that STEM (Science,
Technology, Engineering and Mathematics) Education is critical
in an effort to prepare our students and promote innovation,
creativity, global competence, democratic principles and social
justice, improve economic competitiveness, and provide
leadership. Offering our students an in-depth knowledge and
understanding of international issues can enhance their global
competence, and helping them acquire skills to function
productively with people from diverse cultural background
makes them successful in career and life. This can be done
improving their ability to compete globally. To compete
“students need high-level thinking skills that enhanced creativity
and innovation.” Students who gain thorough understanding of
concepts, technology and tools, and computational skills in
science, mathematics and engineering that involves real life
problems with global issues strengthen their ability to compete in
worldwide marketplace. The goal of this project is to present
with a research, design, create and develop academic content in a
course related to global focus in accordance with students’ level
of mathematical understanding, and then implement and assess
the outcomes. Students acquire the concepts of mathematics and
technology that they need to learn, with a focus on global issues
and international perspectives on collaboration and innovation.
Students get engaged on problems related to selected topics from
STEM fields. By the end of the semester, the students possess
more diverse and knowledgeable view of the world, comprehend
global dimensions, solve problems that arise in everyday life in
different societies and the workplace, and hold global
competencies throughout their life.

Keywords—Sustainability, Innovation and Creativity, Engaged
Learning, Technology

L INTRODUCTION

According to National Education Association (NEA) 2010
policy brief, “There is widespread recognition that a thorough
understanding of global issues is critical to the United States’
efforts to promote democratic principles and social justice,
improve our economic competitiveness, and provide
leadership in innovation and creativity.” Offering our students
an in-depth knowledge and understanding of international
issues enhances their global competence, and helping them
acquiring skills to function productively with people from
diverse cultural background makes them successful in career
and life. This can be done improving their ability to compete
globally. To compete “students need high-level thinking skills
that enhanced creativity and innovation.” Students who gain
thorough understanding of concepts, technology and tools, and
computational skills in mathematics that involves real life

problems with global issues strengthen their ability to compete
in worldwide marketplace. This paper addresses relevant
issues to enhance global competence, innovations and
creativity. Several perspectives regarding mathematics
modeling and the practical applications are discussed in [3].
Students need to be equipped with the ability to apply
mathematics to solve practical problems, and create relations
between mathematics and reality. The focused goals are to
enable our students to understand central aspects of our
universe, and foster and enhance motivation and attitude
towards mathematics [1].

IL. GLOBAL COMPETENCE, MATHEMATICAL
TOPICS AND TECHNOLOGY

Global competence is defined as the acquisition of in-depth
knowledge of international issues, ability to work with people
of different cultural background and the skills to achieve
productivity in the world community [2]. Some of the topics
on global issues can be effectively implemented in first
semester mathematics courses like pre-calculus. The main
mathematical topics of this course is to learn about Functions,
their names and appearances: algebraically and graphically
and their applications. The other topics that are covered are
Analytic Trigonometry, Analytic Geometry, System of
Equations, and Sequences and Series.

Increasing availability of new technologies changed how
teaching and learning of mathematics occurs in the classroom
around the world. The course uses various forms of
technology and explores the impact of technology on students’
learning and behavior. Particularly its ability to expand
students” access to information, reduce the cognitive
requirements of classroom tasks, and enable students to
demonstrate  understanding using various media is
incorporated.  In particular, students use scientific and
graphing calculators, networked electronic notebooks, and
laptop computers equipped with computer algebra systems,
and Internet access as needed. Students make presentations
using power point and prepare undergraduate research
documents.

A. Basic Skills under General Education

This course can be used to satisfy the university
requirements for basic skills in mathematics under general
education program. It includes requirements and learning
activities that promote students’ abilities as described below.



Use logical reasoning by studying mathematical patterns
and relationships by functional notations and the combination
of functions, such as sums, products and compositions. Know
mathematical formulas involving variation. Understand the
relation between exponential and logarithmic functions and
the simplification of expressions using the trigonometric
identities.

Use mathematical models to describe real-world
phenomena and to solve real-world problems. Comprehend
the limitations of models in making predictions and drawing
conclusions. Differentiate linear models for bivariate
functions, exponential models for growth or decay, and
periodic models with trigonometric functions. Examine the
properties of trigonometric quantities by the use of the unit
circle.

Organize data, communicate the essential features of the
data, and interpret the data in a meaningful way. Find the
domain and range of a function. Use functional notation to
show the relation between variables. Calculate the average rate
of change is from a graph, a function or a table.

Express in words, clearly and correctly, the relationships
illustrated in graphical displays and tables with a number line
graph by using interval notation and inequalities. Identify and
express the characteristics of the graphs of powers,
polynomials,  rational  functions, exponential,  and
trigonometric functions. Recognize increasing and decreasing
intervals, curvature, local optima, and long-term behavior of a
given function from its formula, or a graph. Explain how
transformations change the characteristics of a function and
graph the transformed function.

B. International Issues

Here are some of the selected projects related to
international issues, Climate Change and Global Warming,
Biodiversity, Energy = Consumption, Wasted Labor,
International Currencies, Sustainability Development, and
Space Math that can be implemented.

The growth trend and development of Carbon Dioxide
(CO,) emissions in US over a span of 30 years is given in [4].
The emission of carbon dioxide in US affects the entire world.
US is considered as global giant economically and in
innovations but its emission of carbon dioxide is highly
criticized worldwide. Clouds of carbon dioxide make it harder
for solar radiation to leave Earth’s surface causing it to retain
all the heat. When the earth’s surface heat up it brings all
kinds of catastrophic changes to the global climate. Students
learn to collect data, plot them to find a best fit function and
analyze its nature. With these activities they are able to
understand different aspects of the function related to this
issue. Although US accounts for 4% of world’s population, it
accounts for 20% of carbon dioxide emissions and 40% of
industrialized country emissions as shown in Fig. 1.
Understanding the locations of different countries in the world

map, the students are able to predict climate change for
different countries.

World Carbon Dioxide Emissions from the Consumption and Flaring of Fossil Fuels, 2006
(Million Metric Tons of Carbon Dioxide)
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Fig. 1. Carbon Dioxide emissions

The existence of Biodiversity, the number of species plants,
animals and organisms, the enormous diversity of genes in
these species plays an important role for the health of this
world [5]. The different ecosystems on the planet maintain
biological diversity of this earth. Even though humans
dominate the earth, it is important to understand that the larger
number of plant species means more variety of crops, greater
variety of animal species ensures sustainability of life, and
healthy ecosystem means easier to withstand and recovery
from natural disasters. Students will work with graphs and
functions (including exponential and logarithm functions) and
understand the importance of maintenance of biodiversity.

Equity in the consumption, consumerism and distribution of
available energy is an important global issue for the students
to understand [6]. It has been stated that the poorest 10% only
accounts for 0.5% and the wealthiest 10% accounts for 59% of
all consumption. Students need to learn the patterns and
effects of consumption. Inequalities in consumption are
making a striking difference. Globally, 20% of the world’s
population in the higher-income countries accounts for 86% of
total private consumptions and the 20% of world’s population
in the lower-income countries accounts for 1.3% of total
private consumption. Students will have to understand global
priorities (basic education for all, water and sanitation over the
globe, reproductive health for all women, and basic needs for
health and nutrition for all) and what they can do or should not
do to protect the environment.

The mathematics of wasted labor and food are a nerve-
racking topic that students are completely unaware of [7]. On
the average only 4.4 hours of a typical employee’s workday
are used productively. About 1.2 hours are lost due to
personal and other unavoidable delays, while 2.4 hours are
simply wasted. Nearly 35% of wasted times is due to poor
scheduling of workers, 25% is due to unclear communications



of assignments, and 15% is due to improper staffing. More
wasting is reported due to absenteeism and tardiness.

Statistics says that up to a third of world’s food is wasted as
shown in Fig. 2. This is equivalent to 400 to 500 calories per
person per day in the developing world and as much as1500
calories per person per day in the developed world.
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Fig. 2. Food waste

Efficiencies of technology can add to the productivity and
minimize food and labor waste. Students research and make
global comparison between countries on wasted labor with
mathematical calculations.

Issues related to International Currencies and how it
impacts the US dollar are important concepts for our students
to understand [8]. Currently, students have limited idea how
US currency play a major role in a global market. Production
costs of dollar bills are much lower than its actual value. US
citizens can consume more and save less in comparison to the
other countries. It allows US to import more goods and
capitals than it exports. However, the significant weakening
of the US economy weakened the global stock markets.
Students will plot the value of a commodity with respect to
different currencies to understand what this means. For
example an airline ticket in Austrian currency costs $550
(when converted) and bought at Austrian airlines website
while the same ticket in US costs $720 when bought at Orbitz.

Recently, the United Nations Educational, Scientific and
Cultural Organization’s (UNESCO) Decade of Education for
Sustainable Development (DESD) [9] stated, “Sustainable
development, a constantly evolving concept, is thus the will to
improve everyone's quality of life, including that of future
generations, by reconciling economic growth, social
development and environmental protection”. Students will
use data sets, worksheets, graphs, mathematical background
and content to understand sustainability issues and concerns.
Students will use real world information for questions and
problems in Mathematics.

SpaceMath@NASA [10] offers and introduces students to
the use of mathematics in today’s scientific discoveries.
Students gain more understanding of our world and its

position and various activities in the space while doing
problems related to our space. For example, students calculate
approximate dates of two solar eclipses in a year and from
where on earth that can be visible based on geometry and
mathematics of proportionality. Students use the knowledge
of conic sections, in particular, equation of a parabola and find
focus for a solar cooker and a sound amplifier dish as shown
in Fig. 3.

Schematic of a
parabolic dish
concentrator.

Fig. 3. Satellite dish with a radio receiver
III.  STUDENT LEARNING OUTCOMES

Based on the departmental common assessment and the
university policy [11] the following items are used to fine-tune
the course curriculum and coordinate the pedagogical
resources to accomplish the appropriate level of student
learning outcomes.

Expectations: What to expect our students to know and be
able to do as new professionals.

Preparation: How curriculum and teaching methods help
students to meet these expectations.

Assessment: How to know if the students are progressing
appropriately towards meeting these expectations.

All the student learning outcomes, listed below, are attained
via international issues and concerns related to the projects,
Climate Change and Global Warming, Biodiversity, Energy
Consumption, Wasted Labor, International Currencies,
Sustainability Development, and SpaceMath. For example, the
project on growth trend and development of Carbon Dioxide
(CO,) makes students to understand different aspects of
mathematical pattern and make predictions based on logical
reasoning; the study on Biodiversity makes students to
conceive how exponential and logarithm functions work in
nature, and understand the importance of maintenance of
biodiversity; with the SpaceMath@NASA information
students confirm their understanding of trigonometric
functions while calculating approximate dates of two solar
eclipses in a year and from where on earth that can be visible,
based on geometry and mathematics of proportionality; and so
on.

Students use logical reasoning by studying mathematical
patterns and relationships that includes functional notation and
identifiers. Students learn the combination of functions, such
as sums, products and compositions. Students understand the
relationships between exponential and logarithmic functions
and the simplification of expressions using the trigonometric
identities. Students use mathematical models to describe real-
world phenomena and to solve real-world problems and



understand the limitations of models in making predictions
and drawing conclusions.

Students learn to use linear models for bivariate functions,
exponential models for growth or decay, and periodic models
with trigonometric functions. Students learn how to organize
data, communicate the essential features of the data, and
interpret the data in a meaningful way. Students express the
relationships illustrated in graphical displays and tables
clearly and correctly in words. Students write solution sets
correctly with a number line graph by using interval notation
and inequalities.

Students identify and express characteristics of the graphs
of powers, polynomials, rational functions, exponential, and
trigonometric functions. This includes increasing/decreasing
intervals, curvature, local optima, long-term behavior of a
relationship for given a function, a formula, or a graph.

All the learning outcomes are demonstrated by student-
faculty contacts, allowing cooperation and conversations
among students, encouraging active learning goals, giving
prompt feedback early on their work, emphasizing completion
of different tasks on time, stating high expectations and by
respecting diverse talents and ways of learning. The
assessment methods consist of homework and quizzes;
midterm and final exams; project writing experience; student
self-appraisal; and presentation. Each of these requires the
student to integrate the body of knowledge on mathematical
content of the course in relation to international issues and
concerns which the student are being exposed to; reinforces
lessons that may have not been emphasized in a regular
course; offers opportunities for mature reflection on concepts
and philosophical matters that the student would appreciate
knowing; encourages the student to make explicit connections
between the mathematics and the global issues; reiterates the
importance of written and oral communication, and
mathematical content; tests the student’s ability to address a
complex issue and/or a problem and produce new creative
work; simulates the level of professional activity that the
student will encounter in his/her career or in graduate-level
study; increases the student’s confidence in his/her ability to
be an independent, life-long learner in the real world and to
pursue a career that may need international awareness; and
enriches the culture of creative discovery.

IV.  CONCLUSION

The plan is to research, design, create and develop
mathematical content in a math course related to global focus
in accordance with students’ level of mathematical
understanding, then implemented and assessed. Students will
learn the same mathematics that they traditionally need to
learn, with a focus on global issues and international
perspectives.  Students will work on problems on these
selected topics. At the end of the semester, the students will
possess more diverse and knowledgeable view of the world,

will have comprehended global dimensions, solved problems
that arise in everyday life in different societies, and the
workplace and hold global competencies throughout their life.
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Abstract— Electric Circuits is the first engineering course that students
encounter in an electrical engineering programme and introduces them
to Electrical Engineering and provides the required basic knowledge and
skills. Between 1935 and 1965 engineering degrees changed from prac-
tical engineering to a more mathematical and model-based approach.
In the 1980°s there was a shift to ‘“outcomes based” education and
during the last decade there has been an emphasis on design. Since
2004 the author has been changing an Electrical Circuits course to
improve throughput and better prepare the students for their other
engineering courses. The changes have been in teaching methods and
laboratory exercises and the content has remained traditional. Forty
years ago engineering students had to solve problems and do the
required mathematical procedures and were therefore trained as both
an engineer and a computer. Now computers do the mathematical
procedures. Each component of the Circuits Course was analysed. The
results from this analysis indicate that the contents should essentially
be left unchanged with more emphasis the understanding of current
flow and voltage.

Keywords—engineering education, electrical engineering, curricu-
lum development.

I. INTRODUCTION

Electric Circuit courses are usually the first real engineering
course that students encounter in an electrical engineering
undergraduate degree programme. The aim of the courses are
to introduce the students to Electrical Engineering, provide
them with the basic knowledge and skills required for the
rest of the programme and to develop an interest in the
profession. A search of both course briefs [1], [2], [3] and
circuit textbooks [4], [5] revealed that, internationally, the
syllabi of electric circuits courses are essentially the same
and have remained basically unchanged in the 40 years that
the author has been involved in electrical engineering. A
typical circuit course would cover: DC and AC concepts,
basic components, energy, power, network theorems, circuit
analysis, operational amplifiers and laboratory techniques.
These basics are considered the foundation required to de-
velop a successful electrical engineer.

Engineering education is continuously changing. Froyd et
al [6] describe five major shifts in 100 years of engineer-
ing education. Between 1935 and 1965 engineering degrees
changed from practical engineering to a more theoretical,
mathematical and model-based approach. In the 1980’s there
was a shift to “outcomes based” education, formalised with
the signing of the Washington accord in 1989 [7]. During the
last ten years there has been a renewed emphasis on design

in engineering curricula by re-introducing the more practical
aspects of engineering.

Since 2004 the author [8] has been making continuous
changes to the Electrical Circuits course, to improve through-
put (retention) and better prepare the students for the en-
gineering courses in their second and subsequent years.
Throughput has become a major concern for the Government,
and therefore the University administration, both in terms
of financial constraints and the shortage of engineers in
the country. The changes made were to develop conceptual
thinking and engineering problem solving in students with
a predominantly rote learning background. Changes in the
laboratories were designed to encourage exploration rather
than to just follow prescribed procedures. The results show
an increased pass rate as well as reports that the students are
better prepared for their second year of study.

The changes to the course were primarily in teaching methods
and laboratory exercises and, essentially, the content has
remained the same. What has changed, however, is that
we don’t use slide rules, calculators or do manual matrix
calculations any more. Computers do that work for us now.
Forty years ago engineering students had to solve problems
and do the required mathematical procedures. As a result,
they had to be trained as both an engineer and a computer.

Each component of the Circuits Course, in terms of the shifts
in engineering education, the examination process and the
students’ marks was analysed. The results from this analysis,
together with a justification for inclusion or removal of each
component from the course, are presented. The justifications
are not only based on whether the content is essential for
successful engineering students or engineers, but whether
they have any pedagogical value in the understanding of the
essential basic knowledge and skills required for electrical
engineering. There was no intention to replace any removed
content with new content. The course is already very demand-
ing, for first year students, and less content would give them
more time to study and understand the basic concepts to be
better prepared for their second year of study and, hopefully,
increase the throughput.

II. OUTCOMES AND COMPONENTS OF THE ELECTRIC
CIRcUITS COURSE

The required outcomes that the students need to demonstrate
to successfully complete the circuits course are:



TABLE 1. CONTENTS OF THE CIRCUITS COURSE.

Basic concepts: (70%-2012)
(82%-2013)

Voltage, current, energy, power, resistance, independent and dependent voltage and current
sources, charge and “average” values.

Waveforms: DC, step, ramp, rectangular pulse, sinusoidal and exponential.

Reactive components: Phasors, voltage-current (v-i) laws, energy and power relations and
behaviour under excitation.

Analysis techniques: (51%-2012)
(57%-2013)

Ohm’s law, Kirchhoff’s laws, series and parallel resistors, voltage and current divider laws,
star-delta transformations, Superposition theorem and interconnected sources.

Real sources, Thévenin and Norton theorems, source transformation and maximum power
transfer.

Systematic analyses: Nodal, Loop and Mesh current analysis.

Laboratory techniques:  (60%-2012)
(63%-2013)

Building circuits. Understanding of oscilloscopes, multi-meters, power supplies and signal
generators. Analysis of results.

Complex Circuits: (53%-2012)
(69%-2013)

Operational Amplifier Circuits: Abstraction to circuit model, open loop gain, input resistance
and output resistance. Analysis of inverting, non-inverting, buffer, summing, integrator and
differentiator types. Calculation of gain and input and output impedance. Analysis of circuits

with multiple amplifiers.

1) Using physical and mathematical modelling, deter-
mine the behaviour of the basic circuit elements;

2) describe and apply the principles encapsulated in laws
and theorems;

3) analyse circuits by using formal methods;

4) simplify and transform circuits;

5) design and analyse circuits including an operational
amplifier;

and have remained basically the same since 1989 when
the present prescribed textbook was introduced, and was
undoubtedly the same prior to 1989.

To prevent the students from optimising their learning by
leaving out the “difficult” sections, vital for their further years
of study, the course was divided into four knowledge areas, all
of which have to be passed to the pass the course [8]. The four
knowledge areas and their contents are shown in table I with
the average class mark for each area. Prior to the introduction
of the requirement to pass all the knowledge areas the stu-
dents got the lowest marks in the sections covering AC theory
(40% average) and operational amplifiers (49% average). As
can be seen in table I the weakest area now is Analysis
techniques and the analysis of the exam questions revealed
that the lowest marks were obtained for Systematic analyses
that contains content which in the “modern world” would
be done using computer modelling or “number crunching”
programmes.

III.  ANALYSIS AND RESULTS

A. Method

The analysis was done for each of the knowledge areas to
classify the importance of the content and in terms of what
the students need to “know” and what they need to “do” [9].
The information was gathered from discussions with lecturers

of the courses requiring the knowledge and skills gained in
the circuits course, determining the outcomes required for
the degree programme [7] and investigating what is really
necessary in the age of computers. From these results the
contents was then divided into two classifications: “Untouch-
able” and “Let’s see”. The “Let’s see” was further analysed
by identifying the students’ weakest areas, as defined by
the marks obtained in the examinations, and whether there
were pedagogical reasons for keeping the content. Removing
the content that students struggle with will improve the pass
rate for the course but not necessarily the throughput for the
degree programme.

B. Results

Discussions with the lecturers were essentially unhelpful.
Their response can be summed up as “We need everything
and please add ...”. Although a first year course does not
examine “exit outcomes” [7] it is important to note that
content and skills that the students obtain from -circuits
courses are used as the foundation for the subsequent years
leading to the examination of the students’ “exit outcomes”
in their final year.

The “Untouchable” classification covers all the content
deemed essential for Electrical Engineering students and only
requiring the use of a basic calculator to answer the exam
questions. The course components that fell into this classifica-
tion were Basic Concepts, Laboratory Techniques (examined
both in the laboratory and in the exam) and Complex Circuits.
This left only the Analysis Techniques component in the
“Let’s see” classification and it was also the component where
the students got the lowest marks. Again the basic laws and
theorems within this component were deemed to be essential
in the training of electrical engineers requiring also very
little computational skills from the students. This left the
Systematic analysis sub-component, covering Nodal, Loop
and Mesh current analysis techniques using the formation



and manipulation of matrices, work probably best left to
computers.

TABLE II. ANALYSIS OF EXAM SCRIPTS.
Year Question Average Mark % | % Passed
2012 | Nodal analysis 19 14
n=28 | Convert to matrix form 76 82
Thévenin and Norton 8 11
2013 | Nodal analysis 45 56
n=43 | Mesh analysis 20 21
Superposition 10 7

The exam scripts from 2012 and 2013 exams, for students
who failed the exam, were analysed at individual question
level for the Systematic analysis sub-component. In 2012
the question was nodal analysis and was divided into two
parts (to simplify marking). Part one was to analyse a circuit
and develop the simultaneous equations. Part two was to
convert three simultaneous equations into matrix form. In
the 2013 the students were required to analyse the same
circuit using both nodal and mesh analysis by determining
the simultaneous equations and then group the like terms to
enable them to be entered into a matrix. Table II shows the
results of the analysis.

Referring to table II: In 2012 the students did very well
converting the simultaneous equations to matrix form, but
poorly for the actual nodal analysis. After examining each
of the 2013 scripts it became clear that the students were
struggling with the determination of current flow in the nodes
and meshes and not with the procedural problem of con-
verting to matrix format. Understanding and implementing
Kirchhoff’s current and voltage laws are the basis of all
electrical engineering. In 2013 the students did far better
in the nodal analysis than they did in the mesh analysis.
Mesh analysis is more abstract than nodal, again indicating
a lack of understanding of current flow. The poor results
for the Thévenin and Norton and Superposition questions
also emphasise this lack of understanding of basic current
flow. Examination of the Complex circuits component also
revealed the lack of understanding of basic current and
voltage laws. Plugging values into learnt formulae was no
problem, determining the values was.

This brings up the last question: “Is there pedagogical reasons
for keeping the content?”. It became clear while examining
the students scripts that Systematic analysis is the one area
that examines the students’ understanding of what current
and voltage does. The actual conversion to matrices, also
part of their mathematics course, indicates their ability to
follow a procedure (being a computer) is not necessary in the
understanding of electrical engineering. Pedagogically they
need the practice and be examined on their understanding
of the behaviour of voltage and current by undertaking
Systematic analysis.

IV. CONCLUSION

The traditional content of an electric circuits course was
investigated to determine which components were still nec-
essary in the “Modern” world. The results indicate that even
if some of the content may be “the work of computers” and
not undertaken by engineers any more, there are important
pedagogical reasons for including them in the course. The
teaching and examination process could be changed to place
more emphasis on understanding and less on procedural
ability. Electrical Engineers still need to understand where
current flows and where voltages are in a circuit.
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Abstract— Teaching the elements of effective communication
to engineers can be challenging, yet is essential in their careers.
In our second-year course, we teach (among other things) the
basics of technical writing:

- How to locate and read the scientific literature

- How to format material professionally

- How to organise material logically

- How to time-manage producing a large document

- How to edit drafts (something often overlooked by time-
crunched undergrads)

We do this through a large term paper assignment. In the
past, we felt that success in this endeavour was largely student-
driven (rather than guided) and summative in evaluation. As a
result, we implemented a number of formative assessment steps
through the course of the term.

Because lecturing about the details of technical writing can be
dull (for both instructor and student), we provide resources for
the students to read. Online quizzes provide the incentive for
students to keep up. In class, we strive to use workshops and in-
class exercises to reinforce the lessons.

Small assignments throughout the term keep the students
working consistently on this large paper and provide consistent
feedback. These include:

- A list of ten references relevant to their paper,
formatted using Zotero (a free referencing tool).

- A proposed Table of Contents (properly formatted in
Microsoft Word). Critiques are given online within a week by the
instructor to ensure the student is on the right track early in their
efforts.

- “Boss Quality” documents that include creating figures
in Microsoft Excel and in drawing software and appropriate
figure and table caption formats.

- A complete draft of their paper submitted to
Turnltin.com.

- Graded peer review of a paper (useful for reviewer and
reviewee).

- Five-minute one-on-one meeting with the instructor or
TA to highlight areas to improve in draft papers. Subsequent,

longer meetings occur with students who are struggling at this
stage

- Final paper due two weeks after draft to allow for
editing.

The results of this effort were higher quality papers (and
higher grades), and, we feel, a more effective learning experience
for the students.

Keywords—Technical Communication, Time Management,
Formatting, Formative Assessment, Feedback;

l. INTRODUCTION

Teaching students the skills to communicate effectively is
critically important to their future success, but is also very
challenging. In Chemical Engineering at McMaster, we begin
this journey in a second year course called Technical
Communications and Problem Solving. We try to help students
master the basics of technical writing, while incorporating
lessons from the problem solving aspect of the course.

The course is unusual, in that it merges workshops
developed by Don Woods [1] to teach problem solving
fundamentals with technical communications. The synergy in
material inspired us to make the in-class technical
communications component also primarily workshop style as
well.

The biggest assignment in the class is a technical paper.
The paper is 1500-2000 words and each student chooses their
topic from an extensive list. The students have always
struggled with managing their time appropriately to finish this,
so we decided to break up the task into smaller, more
achievable sub-goals. We will describe the sub-assignments in
detail.

A key part of the success of this assignment has been the
formative assessment used throughout. The students receive
timely feedback throughout the term on their chosen
references, their outline and a draft of their final paper. This,
combined with use of Turnltin.com has improved the quality
of the final submissions and reduced plagiarism.

While we are still striving to improve the student
experience, we feel this step-wise, interactive formative
approach has been a success.
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Il.  COURSE CONTENT

The second year course in Technical Communications and
Problem Solving merges two seemingly disparate
components. The objectives of the technical communications
component of the course include:

- Understanding the difference between peer-reviewed
literature (review and research articles) and less
credible sources, including Wikipedia and websites

- Learning how to search for relevant research articles

- Distilling large quantities of information into a clear,
logical and well-organised “story”

- Using concise, precise language

- Formatting documents professionally

- Addressing the appropriate audience

- Avoiding plagiarism through proper referencing and
paraphrasing

- Practicing written and oral communications

The objectives of the problem solving portion of the course
include:
- Ability to talk through and reflect on thought
processes while solving problems
- Self-assessment ability with regards to performance
based on goals, measurable criteria and evidence
- Ability to give and receive feedback
- Analysis and classification of
information
- Time and stress management
- Creativity in approaching problems

complicated

Clearly, the problem solving component of the course is
useful in addressing the issues of a term paper. In particular,
we emphasise goal-setting, feedback, analysis and
classification and time management.

I1l. DELIVERY OF COURSE MATERIAL

We have moved from delivering the technical
communications material primarily in lectures to workshops.
The consequence of this shift is that the material is not
delivered in detail during class time. We chose to assign
specific readings for each week. To ensure the students are
prepared for class, they are given weekly online quizzes that
cover the pre-readings. Although we suspect collaboration, the
pass rate and participation on the quizzes were nearly 100%.
During the classes, a short introductory lecture was given, and
then the students were assigned specific tasks.

For example, in pre-reading, the students learned about
pyramid-style writing. In class, we gave the students several
examples of introductions, and asked them, in pairs, to critique
them. After discussing the critiques as a class, the students then
re-wrote the introductions. This active practice of skills
resulted in better introductions in their final papers.

IV. ASSESSMENT

The term paper is a major component of the course, worth
28% of the final mark. In the past, the primary reason students
gave for very poorly written or plagiarised papers was

procrastination. This was an ideal opportunity to put into
practice the skills learned in the problem solving workshops on
time management and self-assessment. In particular, we get the
students to break the goal of “writing the term paper” into
measurable and unambiguous sub-goals (e.g. “Using Pubmed,
find at least ten peer-reviewed research papers relevant to my
topic”). We use this concept of sub-goals to break down the
term paper task into achievable, smaller assignments.

A. Assignments

Some of the assignments are a direct component of the term
paper; others build the skills to complete it.

Quizzes: 4% of final grade. These online quizzes give a
marks incentive to students to read assigned resource material
prior to doing in-class workshops (flipping the classroom).

Problem solving workshop — Self-Assessment: 4% of final
grade. As a component of this workshop, the students must
break down the large task of completing a term paper (goal)
into  short-term  achievable  “chunks”  (measurable,
unambiguous sub-goals).

Literature search: 1% of final grade. Students must hand in
a list of ten articles relevant to their topic. The list must be
created using a free and open-source referencing tool, Zotero.
Many students tell us later that this was the most valuable skill
they learned!

Article summary: 1% of final grade. Finding the relevant
literature is one thing; understanding it is another. The students
must choose a research paper and summarise it in lay language.
This teaches conciseness, audience analysis and reading
literature with high-level scientific language.

Problem-solving workshop — Analysis and Classification:
4% of final grade. The students are required to create an outline
for their paper well before it is due. During the workshop, they
learn how to critique it structurally (e.g. there must be more
than one sub-section). Subsequently, they submit their revised
outline electronically. This is a key checkpoint in the process.
In one week or less, the instructor(s) (not TAs) provide a
written critique of the content of their outline with constructive
suggestions. In some cases, we identify students who need to
come in for a one-on-one conversation, as they are clearly
struggling with their topic. This has been a very productive,
formative assessment. As a result of this, the number of very
poor papers has dropped dramatically.

Proofreading activity: 1% of final grade. To give the
students some skill in grammar and editing, we do an in-class
workshop to help them identify and correct common grammar
errors.

Boss-quality documents: 2 assignments worth 3% each.
These assignments give students the skills they need to use
software properly and present material professionally. They
must demonstrate proficiency in drawing software of their
choice. We provide a list of freeware alternatives, and they
must exactly reproduce a diagram we provide. They must also
demonstrate that they can use Microsoft Word and Excel to
properly produce and label graphs and tables. Including these



assignments has decreased the basic formatting mistakes that
used to be common in the term papers.

Plagiarism statement: 1% of final grade. We do a workshop
in which we discuss plagiarism and proper referencing. As a
component, students must write a definition (in their own
words) of plagiarism, attest that they will not plagiarise and
sign and date it. This highlights the importance to the students,
and provides us with documentation if there are any subsequent
problems (even in upper year courses).

Draft of the term paper: 3% of final grade. The students
must submit a complete draft of their paper to Turnltin.com
two weeks prior to the final due date for the paper. This serves
two purposes: it ensures that the procrastinators have a two
week buffer to complete their paper and allows times for
review and editing.

Peer review of the term paper: 4% of final grade. The
Turnltin.com software automatically and anonymously
allocates papers for peer review. We have found this is helpful
to the reviewer, as it gives them an opportunity to critically
assess a peer’s paper, which in turn gives insight into potential
improvements on their own paper. It is generally helpful to the
reviewed student, as most students leave very thorough
comments throughout the paper. Indeed, many of the peer
graded papers are assessed more thoroughly than we as
instructors would have time to do ourselves.

Instructor review of term paper (grade included under draft
of term paper assignment). Each student is given a five minute
appointment with an instructor or TA to briefly go over their
draft paper. Students bring hard copies to the meeting. We
have found that these very brief meetings are adequate to catch
most major problems and suggest areas of improvement that
the students follow through on. Occasionally, students will
require a longer, subsequent appointment to discuss way to
improve their paper to our standards. This one-on-one
formative assessment has been extremely useful in improving
the quality of papers, and we believe, the technical writing
skills in our students. In many ways, this is a more effective
assessment than the final, graded copy that the students receive
at the end of the term. Previously, we experimented with
grading a draft and a final copy, but the grading was extremely
time-consuming for the instructors, and of no more value than
these brief meetings.

Oral presentation: 8% of final grade. The ability to present
material orally is obviously valuable. Beyond that, we find that
condensing the material to make an effective presentation helps
students see whether they are telling an effective story. In some
cases, students will re-organise their paper. We provide the
students with digital video files of their presentations, which
they have to self-critique. Peer grading is also a component of
the final mark.

Final term paper grading: 20% of final grade. The grading
of the term paper is done according to a very descriptive rubric
that is given to the students in advance. The rubric is provided
in the next section.

B. Term Paper Marking Rubric

The detailed marking rubric is not reproduced here in its
entirety due to space limitations. At each level (A — F, where A
=90%, B = 70%, C = 50%, D = 30% and F = 10%), we give a
detailed description of the expectations to achieve that level.
For example, under Quality and Clarity of the Argument, to
achieve an A, we specify: Discussion of topic is covered in a
way which shows depth of analysis, exploration and synthesis
of information, and not superficial reporting of facts. Our
rubric was adapted from Fielding [2]. In previous years, we
used a more standard, less detailed marking scheme that was
open to inconsistency and bias. Students were often confused
about the expectations. Since adopting this detailed rubric, we
have had fewer students asking for clarification on why they
received a given grade.

Table I. Term Paper Marking Categories

Structure and Appearance of Report
(i.e. what the report looks like. Figures and Tables
are useful and labelled correctly; page humbers are 10%
correct; Table of Contents is proper; sections are
clearly structured and logical.)

Readability and Technical Writing:
(How easy is it to read and understand this report?

Writing is pyramid style; meaning is clear, concise 10%
and precise.)
Quiality of the Abstract:
(The abstract should tell me why I need to read 10%

this, what I will learn and tell me the important
conclusions. It must be stand-alone.)

Quality of Introduction:
(The introduction should tell me what the question 10%
is, and provide historical context)

Quality of Technical Content:
(Covers the state of the art in the area and should
reference current literature. Correct, current,
thorough, high technical level)

10%

Quality and Clarity of Argument: (This is
basically “enjoyability”. The paper should have a
good narrative (story) that ties the report together
making even complex topics easier to understand.)

10%

Quality of Overall Analysis and Conclusions:
(A conclusion should summarize and analyze what
has been learned in order to synthesize and address
answers to the questions asked in the introduction.

Should also discuss any limitations to the report

and possibly suggest further work.)

10%

Quality of Cited Literature:
(The best literature comes from primary peer- 10%
reviewed sources and should be up-to-date.)

Correct use of Citations/References/
Bibliography
(Zotero used properly; references provided at
appropriate points in the text)

10%

Checklist complete
(We provide a checklist that specifies many of the 10%
formatting requirements of the paper)




C. Collaborative editing

We feel the real strength of our approach lies in the
collaborative process throughout the term. By giving feedback
throughout the process and encouraging editing, the students
not only produce an improved final document, but they
understand the expectations of a technical report better. Prior to
this change, the marking process was often frustrating, as we
would deduct grades for issues both large and small that we
had covered during lecture time. For example, some students
clearly simply did not understand their complex technical
topic. In other cases, the students previously often mislabeled
figures and tables. By addressing these issues earlier in the
term, we reduce the dissatisfaction experienced both by
instructors and students. The critiques of outlines are
particularly effective in helping those students who struggle
with the technical complexity of the topic. Meeting about the
draft of the paper is also highly effective on two counts: it
gives a chance to procrastinators, and, even in the very brief
(five minute) meetings, it gives guidance to the students on
how to improve. The students really appreciate the personal
interaction with the instructors and take the advice to heart.
The editing process is something that is often neglected in the
undergraduate experience, but is very important in their later
career.

D. Plagiarism prevention

We have used Turnltin.com for several years, with good
success. The students are allowed to submit their papers in
advance and view their own Originality Reports. We have also
discussed proper referencing, plagiarism and required the
signed plagiarism contract for several years. These activities
reduced plagiarism from 10-20% of the class to 1-2%. We feel
that our formative approach has virtually eliminated
plagiarism. Because we give feedback throughout the process,
it makes it extremely difficult for students to purchase papers

online. In addition, the draft document gives the instructor and
student the opportunity to constructively address improper
referencing and quotation prior to the final evaluation. Further,
the requirement that the paper be completed in draft form two
weeks prior to the final due date removes the stress of
procrastination, which is often cited by students as motivation
to plagiarise.

V. CONCLUSIONS

The term paper is frequently assigned as a component of
technical writing courses. Too often, it is simply an evaluation
of the existing ability of students. We have tried to make the
term paper into a valuable learning experience by breaking it
down into smaller tasks and providing timely feedback
throughout the writing process. We believe this has helped our
students internalise lessons about how to do literature searches,
how to read scientific literature, how to organise complex
information, how to write accurately and concisely and how to
format technical reports properly. Our interactive, workshop-
based approach keeps the students engaged and actively
learning.
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Abstract—In this paper, the methodology of how to design a
laboratory scaled plug-in electric vehicles (PEVs) car park
infrastructure emulator is presented. The PEVs car park
emulator can be viewed as a hybrid micro grid that contains both
AC and DC side. Five lithium-ion battery banks are used to act
as five PEVs in the car park. The charging/discharging power
rate of each individual battery is regulated by its bidirectional
DC-DC converter, which can be viewed as the charger for the
PEVs. A bidirectional AC-DC converter is used to connect the
car park to the utility grid. Based on the system power balancing
and load variation situations in AC and DC sides, the power flow
through the bidirectional DC-DC converter and AC-DC
converter can be adjusted to keep the system stable. Different
control algorithms for power electronic devices such as wireless
control of bidirectional DC-DC converter power flow can be
tested in this micro grid. Also, several concepts such as the
vehicle to grid (V2G), vehicle to vehicle (V2V) and vehicle to
house (V2H) services can be simulated on this platform. In this
presented design, Matlab Simulink and TeraTerm Pro are used
in conjunction with the STM32F4DISCOVERY microcontroller,
DSPACE controller and XBEE transceivers. The proposed car
park infrastructure emulator can be used for both research and
educational purposes. The end result of this design is to give the
students a platform where they can learn about hybrid micro
grids and test novel ideas involving the future applications of
PEVs to power systems.

Keywords—Hybrid Micro Grid, Micro Controller, Lithium-ion
Battery, Plug-in Electric Vehicles, Power Electronics.

l. INTRODUCTION

Plug-in electric vehicles (PEVSs) are gaining popularity due
to the increasing need for clean energy worldwide. Fossil fuels
as energy resources are becoming scarce and have already led
to worldwide issues at the environmental, industrial, economic,
and societal levels [1]. At the same time, owing to strict power
quality and systems reliability requirements, the need of
distributed generation (DG) and the implementation of micro
grids (MG) are heightened [2-3].

However, the increasing number of PEVS may have a
serious impact on the electric utility if properly designed smart
charging techniques are not utilized. Uncoordinated and
random charging activities could greatly stress the distribution
system, causing several kinds of technical and economic issues
because of network overloads. On the other hand, PEVs can be
viewed as energy storages when they are parked in the car park
for a long period. In this case, they can cooperate together to
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help the utility grid improve the power quality through some
vehicles to grid (V2G) services, such as grid frequency
regulation, voltage regulation, spinning reserve, reactive power
compensation and so on [4]. Also, smartly control the power
flow from vehicle to vehicle (V2V) and vehicle to house
(V2H) can greatly limit the charging impact to the utility grid
and improve the local micro grid power quality [5].

From the above, it is of the utmost importance to teach
power systems engineering students how to smooth control the
charging process of the PEVs, how to implement the V2G,
V2V and V2H with power electronic devices, such as
bidirectional AC-DC and DC-DC converters, and how to
monitor and control the power flow across a micro grid.
Therefore, a laboratory based micro grid platform should be
established for power systems engineering students to test and
verify different PEVs smart charging algorithms together with
control methods for different power electronic devices that are
essential in future power systems.

In this paper, the methodology of how to establish a
laboratory scaled PEVs car park infrastructure emulator will be
presented. Five lithium-ion batteries are used to emulate the
behaviors of five individual PEVs. The process involved in
developing power electronics devices that work together with
the batteries to maintain system stability and reliability will
also be detailed. The utilization of microcontrollers to allow for
the control of power flow between the micro grid and PEV car
park emulator will also be explained. This methodology is
presented to the student as a hands-on engineering solution to
the need for a plug-in electric vehicle parking lot that serves to
charge and discharge the battery of each vehicle through a
bidirectional DC-DC buck-boost converter while it is parked.
This vehicle parking lot can be directly connected to the AC
utility grid through a bidirectional AC-DC converter to not
only charge vehicles, but to serve as an energy storage device
to increase the stability of the utility grid by supplying
additional power during high demand. By applying the active
power and reactive power decoupling technique to the
bidirectional AC-DC inverter, some V2G emulation will be
demonstrated to students.

The paper is organized as follows; the overall system
description together with the description of the components
that are needed to build the PEVs car park emulator is given in
section 11. Power electronics devices and filters that are used to
establish the PEVs car park emulator are given in section Ill.
Different control strategies to fulfill the V2G, V2V and V2H
by using several micro controllers are described in section 1V
and concluding remarks are provided in section V.
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Fig. 1 Abstract diagram of the hybrid AC/DC system with wireless control.

Il. SYSTEM DESCRIPTION

The diagram of a hybrid PEVs car park micro grid is shown
in Fig. 1. To be more specific, it has both an AC side and a
DC side. The PEVs are connected to the DC bus of the micro
grid through a bidirectional DC-DC inverter. A Solar energy
panel is also connected to the DC bus through a DC-DC
converter with maximum power point tracking (MPPT)
function. The DC bus is connected to the utility grid through a
bidirectional AC-DC inverter. Different kinds of loads can be
connected to either the AC or DC side. There is a central
aggregator which monitors the micro grid and sends control
signals wirelessly to different power electronic devices to
manage the power flow in the hybrid micro grid. As shown in
Fig. 1, energy can be transferred from utility to the PEVs or
vice versa through V2G services. This process can be viewed
as the battery charging/discharging process. Also, energy can
be transferred between different PEVs, which are known as
V2V services. Moreover, if the DC bus is over loaded or has
over voltage, the energy can be injected or absorbed by the
PEVs through the V2H function.

Based on the configuration shown in Fig. 1, the components

TABLE
PEV'S CAR PARK EMULATOR COMPONENTS

Components Functions

Act as PEVs

Regulate the power flow between the DC bus
and the batter banks.

Regulate the power flow between the DC bus
and the AC bus.5mH

Connect the AC bus to the utility Collect the

Battery banks
Bidirectional DC-
DC converters
Bi-directional
AC-DC inverters
Transformer and

power filter voltage and current to monitor the stage of
the micro grid.

Voltage and Collect the voltage and current to monitor the

current stage of the micro grid.

transducers

Micro controllers  Control the power electronic devices to

regulate the power flows.

Wireless Remote wirelessly monitor and control the
communication system.
devices

Relays and fuses ~ Protect the system.
PC Act as the central aggregator.
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Fig. 2. Topology of bidirectional DC-DC converter.

that are needed to establish a hybrid PEVs micro grid car park
emulator and their functions are given in Table I.

In this paper, five Lithium-ion battery banks are used to
emulate five individual PEVs. They are connected to the
common DC bus through five bidirectional DC-DC
converters, respectively. Five STM32F4 DISCOVERY micro
controllers are used to regulate the current flow in the five
DC-DC converters, and the reference current signals are sent
to the micro controller through wireless communication by
using XBEE transceivers. In the AC side, a three phase
bidirectional AC-DC inverter is used to control the power
flow between the AC and DC side. DSPACE-CP1104 is used
as the controller to regulate the power flow through the
bidirectional AC-DC inverter. The parameters of all the
components are shown in Table II.

TABLE I
HYBRID MICRO GRID SYSTEM PARAMETERS

Symbol Description Value
Co Solar panel capacitor 100 uF
Ly, Inductor for solar Panel boost converter SmH
Cy DC bus capacitor 6000 uF
L AC filter inductor 1.2mH
Rac Inverter equivalent resistance 0.30hm
L, Battery converter inductor 3.3mH
Ry Resistance of L, 0.5Q
f Rated AC grid frequency 60Hz
Va Rated DC bus voltage 300V
Vm Rated AC bus p-p voltage (rms) 208K

nl/n2 Transformer ratio 1:1

I1l.  POWER ELECTRONICS DEVICES AND FILTERS

The most essential power electronics in the PEVs car park
infrastructure emulator are the bidirectional DC-DC and AC-
DC converters.

A. Bidirectional DC-DC inverter

The topology of the bidirectional DC-DC converter is
shown in Fig. 2. It is a current controlled converter that can
function in both boost and buck modes. The battery banks are
connected to the low voltage side, and the high voltage side of
the converter is connected to the DC bus. By controlling the
IGBT switch S1, the converter can be operated in boost mode.
The current flows from the battery bank to the DC bus and the
battery bank is discharged. In buck mode, only IGBT switch
S2 is used. The current flows from the DC bus to the battery
bank and the battery bank is charged.

The PCB based bidirectional DC-DC converter circuit
board is shown in Fig. 3. It has two IGBTSs together with the



Fig. 3. Bidirectional DC-DC converter circuit board.

IGBT driver circuit. On the high voltage side, three 450v 1200
uF capacitors are connected in parallel to limit the high voltage
side voltage variation. On the low voltage side, a 3.3mH
inductor is used to boost the voltage and filter the current flow
through the converter.

B. Bidirectional AC-DC inverter

The topology of the three phase bidirectional AC-DC
inverter together with the RC filter and the transformer are
shown in Fig. 4. Equations (1) and (2) show the AC side
voltage equations of the bidirectional AC/DC inverter in ABC
and d-q coordinates, respectively. Where (V,, Vs, V¢) are AC
side voltages of the inverter, and (E,, E», E.) are the voltages of
the AC bus. (4., 4s, 4.) are the adjusting signals after the Pl
controller in the current control loop.

d ia ia Va Ea Aa
Lac E ib + Rac ib = Vb - Eb + Ab (1)
iC iC VC EC AC
Lac i l:d _| Rac a)Lac l:d + Vd _ Ed N Ad
dt| i, oL, —R, |1, v, E, A,

@

The hardware of the bidirectional AC-DC inverter together
with the AC filter and the transformer is shown in Fig. 5. The
AC-DC inverter has 6 IGBTSs, each two controls one phase.
With the Park transform, the active power and reactive power
transferred through the AC-DC inverter can be easily
controlled by regulating i; and #,. In this way, both active and
reactive power flow can be controlled.

IV. MICROCONTROLLERS AND CONTROL STRATEGIES
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Fig.4 Topology of three-phase bidirectional DC-DC converter.

Fig. 5. Bidirectional AC-DC inverter hardware.

A. Microcontrollers

STM32F4 DISCOVERY microcontrollers are used to
regulate the power flow through the bidirectional DC-DC
inverter in the PEVs car park emulator. There are five battery
banks and five bidirectional DC-DC converters that are used to
emulate five individual PEVs. Five of these microcontrollers
are used to control the power flow through each bidirectional
DC-DC converter. Based on the SOC of each PEV, unique
charging/discharging signals are sent from a central computer
to the STM32F4 DISCOVERY through  wireless
communication by using XBEE wireless transmitters. In this
way, the V2V service and V2H service can be fulfilled. The
transmitters can also work in broadcast mode, which will
synchronize all the five battery banks and make them work
together. The wireless cooperative control of the five
bidirectional DC-DC converters is shown in Fig. 6.

DSPACE CP1104 is used to control the active and reactive
power flow in the AC-DC inverter. By adjusting the i; and i,
reference signals, both active and reactive power flow can be
controlled through the AC-DC inverter to regulate the AC side
frequency and voltage, which can emulate the V2G functions
of the future PEVs car park.

B.  Control Strategies

If the hybrid power system AC side is connected to a robust
AC utility grid such as a university’s grid, then the frequency
and voltage amplitude can be viewed as constant and no V2G
services are needed. In this case, the bidirectional AC-DC
inverter will take charge to regulate the DC bus voltage. The
control block diagram for the bidirectional AC-DC inverter is

g_'_ _-_'_. ] ABEE Series 1

BEE Series 1

Fig. 6 Wireless cooperative control of charging/discharging of five battery
banks.



Fig. 7 Control block diagram for bidirectional AC/DC converter in grid-
connected mode.

shown in Fig. 7. The five battery banks charging/discharging
rates are regulated by their DC-DC inverters. For example, if
all the charging rates are positive, then power flows from DC
bus to the battery banks. Because of this, the DC bus voltage
will drop. After sensing the DC voltage drop, the AC-DC
inverter will transfer power from the AC side to the DC bus to
keep the DC bus voltage stable. In this way, the energy is
transferred from the utility grid to the battery banks and the
battery banks are charged. On the other hand, the battery banks
can be charged/discharged with different charging ratios. For
example No.1 battery bank charging rate is 5A and the No.2
battery bank charging rate is -5A, in this way the energy is
transferred from one battery bank to the other one, and this
process can be viewed as V2V function.

If the hybrid power system AC side is connected a system
that is not so robust such as a islanding power system, then the
AC side frequency and voltage need to be regulated. In this
case, the bidirectional AC-DC inverter will take charge to
regulate the AC bus frequency and voltage. The control block
diagram for the bidirectional AC-DC inverter is shown in Fig.
8. The five battery banks are responsible for regulating the DC
bus voltage. For example, when the AC side frequency drops,
the bidirectional AC-DC inverter will sense this and increase
the i, reference, which will increase the active power flow
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Fig. 8 Control block diagram for bidirectional AC/DC converter in islanding
mode.

through the AC-DC inverter from the DC bus to the AC side
and increase the AC side frequency back to the normal value.
Since the energy is being transferred from the DC side to the
AC side, the DC bus voltage will drop and the five DC-DC
converters will sense the DC bus voltage drop and increasing
the discharging rates, which will force the DC-DC converters
to increase the power flow from the battery banks to the DC
bus. In the end, the energy is transferred from battery banks to
the AC grid to support the frequency regulation. This process
can be used to emulate the V2G services of the future PEVs car
park. Also, if a local load is connected to the DC bus, the DC
bus voltage will drop, which will cause the DC-DC converter
to send power from the battery banks to the DC bus. This
process transfers energy from the battery banks to the local
load which emulates the V2H services.

V. CONCLUSION

This paper describes the methodology of using power
electronic devices and micro controllers to establish a PEVs car
park infrastructure emulator platform that can be used both for
teaching and research. This PEVs car park infrastructure is a
hybrid power system that contains both AC and DC sides.
Cooperative control of the power electronic devices can
transfer energy from AC side to the DC side and vice versa.
Several novel concepts such as the V2G services, V2V
services, V2H service, frequency regulation and voltage
regulation can be tested in this platform. The methodology
encompasses numerous educational aspects that teach the
undergraduate student a myriad of engineering concepts, all
essential to his/her success as an engineer. Upon completing
this methodology with the instructor, the student will have
been introduced to power electronics concepts such as micro
grids, plug-in electric vehicles, power flow, and devices such
as bidirectional converters. The student has also familiarized
themselves with the fundamentals of Matlab Simulink and has
gained a greater understanding of microcontrollers and how
they can be utilized to control power electronics devices on a
basic level. The student should be able to reflect on all of these
new and interesting engineering concepts in a very positive
light since they were able to apply it themselves to a real world
problem that will be prevalent in the foreseeable future with
the continuous growth in electric vehicles and hybrid micro
grids implementing energy storage devices.
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I. INTRODUCTION

An interdisciplinary student group run out of an engineering
design program did the redesign for a rapid conversion of a
computer lab to a design studio classroom in 2013, hereafter
referred to as 316H. It is part of an eight-classroom and lab
learn