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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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[ \ |
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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)

































































































































































































































































































































































































































































































































































































































































































































