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The tacit knowledge associated with the application and integration of codified knowledge, personal experience, and the
fundamental technical engineering knowledge is typically not developed in engineering students as a result of their
coursework. Consequently, engineering students are not fully equipped for the demands of design even if their project
requires largely codified knowledge. They require significant guidance and mentorship to describe design bases in their
own words, to develop criteria for plausible solutions and then to research, identify, and synthesize plausible solutions.
For experienced practitioners, this tacit knowledge is inherent to process, systems, and product design and is fully
internalized. Filling or partially filling this knowledge gap comprises the invisible curriculum in undergraduate
engineering design education. In this contribution, we describe how tacit engineering and engineering design knowledge
is developed in our process design courses, how we structure implicit learning experiences, attempt to improve learning
outcomes, and better prepare our developing engineers for early practice. Practical design projects, instructors with
diverse knowledge and experience, a flipped course design (permitting intensive face-to-face interaction, mentorship, and
creating opportunities to tell engineering stories during classroom sessions), individual and team assessment, and modeled
interactions are used to create meaningful engineering experiences that help students develop their knowledge and
understanding of the tacit curriculum. We provide reflections on our experiences. We expect our contribution to be of
value across all engineering disciplines, and for professional practice development more broadly.
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1. Introduction

Chemical process design is taught as two
sequenced courses in the fourth year of our che-
mical engineering program. Engineering funda-
mentals and professional skills are integrated in
these courses and CEAB graduate attributes [1] are
measured. Engineering design is where both stu-
dents and practicing engineers employ a ‘“hidden”
or tacit curriculum including professional prac-
tices, contextual insights, and metacognitive pro-
cesses [2-4]. The CEAB graduate attribute for
design specifies “an ability to design solutions for
complex, open-ended engineering problems and to
design systems, components or processes that meet
specified needs with appropriate attention to
health and safety risks, applicable standards, and
economic, environmental, cultural and societal
considerations.” [1] In order to demonstrate this
graduate attribute, students must integrate their
fundamental knowledge and understand the con-
nections between what may have been learned as
unrelated topics. Students must begin to determine
and apply evaluation criteria and decide whether
or not something is plausible in a way that an
experienced engineer might. Our project-oriented
design courses build communities of practice, nat-
ural extensions of the Community of Inquiry (Col)
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framework [1], recognizing the importance of
social and cognitive presence in instructional set-
tings for professionals. Successful student groups
demonstrate proficiency in most CEAB graduate
attributes and have an intuitive and/or an experi-
entially developed understanding of tacit design
knowledge and sense making. As tacit knowledge
is not often explicitly included in curricula and
information technology reduces the importance of
information recall, an analysis of effective techni-
ques students may use to gain and apply tacit
knowledge is a valuable contribution to evolving
engineering education. Engineering graduates
enter a competitive, often volatile profession. An
intentional and evidence-based approach to teach-
ing the associative skills necessary to solve complex
contextual problems would be a benefit to their
engineering education [6].

In this paper instructor and course designers’ Col
perspectives illuminate the ways in which tacit
engineering and engineering design knowledge are
developed in our process design courses. Our cur-
rent contribution builds on a previous work focuss-
ing on the community of practice course structure
and the shift towards innovation type design pro-
jects. It includes a structural and content analysis
with student reflections and perspectives surround-
ing learning experiences reflective of an internship
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in an innovative engineering firm [7]. This prior
work highlighted the importance of mimicking the
human, social, and cultural factors supporting
information transfer and innovation in such an
engineering design firm as part of the student
design team learning experience. These factors
include interaction with industrial advisors and
others from a larger engineering community of
practice. Student comments typically reflect posi-
tive affective belonging and engagement in the
design courses structured in this manner [7].
Instructors and teaching assistants with industrial
experience who can elucidate tacit knowledge are
sought and retained; project sponsors and instruc-
tors intentionally simulate an industrial community
of practice [8] to support practical experience acqui-
sition. Our current contribution examines their
perspectives in more detail and how their perspec-
tive informs the continual improvement process.
Course design introduces elements of the invisible
curriculum alongside the fundamental and explicit
knowledge requirements for engineering design
while retaining structural elements familiar to stu-
dents; there are still exams and assignments, the
security of a familiar institutional relationship, but
with the inclusion of ““gray areas” and structured
mentorship that will dominate their early profes-
sional practice, post graduation.

2. Background
2.1 Tacit Knowledge and Experience

Michael Polyani is credited with the term tacit
knowledge [9]. Polyani describes tacit knowledge
as the implicit knowledge that solves the paradox
outlined by Plato in the Meno. The essence of the
paradox is that if all knowledge is explicit then we
cannot identify a problem or look for its solution,
yet there are problems and we do look for solutions
[10]. This knowledge is termed as implicit or tacit
knowledge and is exemplified by Polyani in the
Tacit Dimension as the human ability to recognize
a face; to see a problem and then to solve it; to
develop the knowledge of how a tool feels in one’s
hand and to use it with skill; to have personal
experience and to use it to create something. For
each of these cases, the transfer of the requisite
knowledge is not easily enabled. The knowledge
may be described as personal, private, and not
necessarily available for conscious introspection
[9]. The natural acquisition of language and social
behaviour where the knowledge about complex
stimulus domains is acquired largely without con-
scious control are examples of implicit learning.
There are underlying neurological mechanisms
responsible for the acquisition and retention of
implicit or tacit knowledge [9].

2.2 Tacit Knowledge and Engineering Design

A novice engineer may not be equipped for the
demands of design even if the nature of the project
requires largely codified knowledge that has been
explicitly written down [4]. The tacit knowledge
associated with the application and integration of
codified knowledge, personal experience, and the
fundamental technical engineering knowledge base
[1] described in the first graduate attribute may not
yet have developed. For an experienced practi-
tioner, these internalized relationships are inherent
to process, systems, and product design [11]. In
addition, the ability to contextualize the problem
in a specific frame may lead to expertise. Expert
designers have a tendency to spend less time on
problem definition and impose their particular
frame and context on the problem where novice
designers are more likely to employ a trial and error
approach [13]. Expert designers may also take a
systemic view of the problem, become solution
focussed, and spend less time on problem definition
and ideation than a novice designer [11-13]. In our
experience and teaching practice, students do not
formulate design problems or the context on their
own — instructors do. For many students, the fourth
year design course marks the first time they have
been asked to describe a design basis in their own
words, develop the criteria for plausible solutions,
and then research, identify, and synthesize plausible
solutions. This process of problem framing often
requires significant guidance and mentorship in
order to support skilful use of the design process.
If the design process is conceived of as a tool,
instruction on use and care of the tool is limited,
students must actively engage in the application to
appreciate where they require either additional
practice or additional knowledge.

Tacit knowledge in engineering disciplines is
recognized as an untapped resource, inherently
valuable but often difficult to describe [14, 3]. For
process designers, tacit knowledge in this context
includes a practical and operational understanding
of the equipment used in process design, chemical
thermodynamics, hydraulics, utilities, control sys-
tems, hazard identification, the use of safety instru-
mented systems, fluid and equipment interactions,
operating procedures, along with logical reasoning
and the metacognitive skills required to manage the
design and project process. Tacit knowledge in
chemical product design includes understanding
the end uses for the product, the demands and
characteristics of the product users in order to
define the specifications of the product. Organiza-
tional structures that engineers work within also
require explicit and tacit knowledge that comes
from practicing what has been learned from experi-
ence in areas such as leadership, management, and
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incident investigation processes [15-17]. In addi-
tion, tacit knowledge can include aspects of operat-
ing technology as described by Polyani where a
manufacturing process made quality products in
one location and flawed products in another with
essentially the same process equipment [3]. The tacit
knowledge of the manufacturing process had not
been transferred. Similarly, the tacit knowledge of
the use and care of the engineering design process is
a critical aspect of engineering design education.

2.3 The Role of Instructors with Industrial
Experience

There is a critical distinction between involving
professionals in a simulated design environment
and the early career mentoring that will be experi-
enced in the first years of professional practice,
particularly in the context of trends in corporate
management that focus on process and compliance
[18]. Final-year engineering students are typically
positioned in an emergent phase of professional
identity development that Arnett [19] describes as
“Emerging Adulthood”, a psychosocial view of
identity construction explored specifically in rela-
tionship to occupations. Bringing engineers with
industrial and practical experience into the design
classroom, as instructors and teaching assistants, is
an effective way to connect students with tacit
design knowledge and the invisible curriculum.

It is important that design instructors appreciate
the dual role they play in identity development,
positioned in the familiar-to-students place of
authority as instructors but also as peers and
fellow professionals. Huff [20] explores the progres-
sion in identity development among undergraduate
engineering students and offers an important
insight to instructors of fourth year courses; the
students cautiously identify as engineers, at a time
when the “affirmation of those who matter” [21] is
of utmost importance. Practitioner-instructors are
not only cast as role models or examples, nor are
they simply cast as the absolute authority in the
teacher-student dyad; they are also members of the
collective that the students need to complete their
professional identity development. Turato et al. [22]
describe the impact, positive and negative, of early
career mentors in the higher-stakes environment of
early practice, and reinforce the ideas summarized
in Hyldgaard Christensen et al. [23] that the con-
struction and maintenance of professional identity
is critical in safeguarding the social role of profes-
sions.

Although there is a core design and project
management process where engineers use and
apply explicit fundamental concepts and techniques
to design, there are a variety of stakeholder per-
spectives and perceptions that must be integrated
and accounted for in the development of a design

and in the design requirements at the engineering
practice level [6]. Knowing which standards and
practices might apply to which circumstances is not
a matter of reference or checklist; standards and
practices are strongly influenced by individual per-
spective, discipline bias and training. The process of
testing, questioning, and responding to challenges
is a foundational element of engineering practice.
Creativity, flexibility, and agility of thought are
required, yet challenging to introduce, in content-
heavy fundamental courses [23]. The intentional
formation of a community of practice, with rein-
forcement by instructor practitioners introduces the
challenges of real world practice in the secure and
familiar context of an academic course [16]. This
constitutes an intermediate step for students that
transfers tacit knowledge and uncovers the invisible
curriculum.

2.3 The Role of Storytelling and Case Study
Analysis in Passing on Experience

Stories of incidents and failures, stories of system
operation, stories of innovation, stories of how and
why knowledge is codified, stories of ethics, and
stories of how design is done are told by engineers,
operators, instructors, and students. These narra-
tives are passed on to engineering students and
recent graduate engineers who may have not yet
heard them on an ongoing basis. Storytelling helps
to make the personal and private aspects of tacit
and implicit knowledge accessible to others. While
not codified, stories provide us a window onto the
experience and tacit knowledge of others [24] espe-
cially if we are able to suspend judgement and
critically examine them. Stories promote the devel-
opment of personal knowledge, albeit not to the
same extent as lived experiences. The role of inci-
dent case studies in process safety management and
design is an important factor in the development of
tacit knowledge in engineering students [25]. Telling
the story of the structure of wicked design problems
[26] allows for insight into the complex problems
society currently faces. Telling stories of ethics and
professionalism affords insight on the expected
behaviours of professional engineers [27, 28].

3. Course Delivery Method

3.1 Design Course Description

All materials and course delivery approaches for
the courses have been developed or redeveloped
over the past ten years by practicing professional
engineers. The course design is based on a flipped
and blended approach deliberately chosen to pre-
serve and promote frequent interaction among
students and between students and instructors and
teaching assistants (TAs). Short topics regarding
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teaching and cognitive development are incorpo-
rated into weekly lectures, encouraging students to
be intentional in their own learning. Students are
asked what they think, how they plan to solve
something, and what their approach is before
advice is offered.

Design projects are prepared by the course
instructors in collaboration with practicing engi-
neers. Project topics are developed in response to
current global industrial trends, current operational
problems, operationalizing and/or commercializing
research, benchmarking processes, scale up of pro-
cesses designs, and enhancing the efficiency of
existing process designs [7]. Occasionally students
bring their own projects that they have identified
during a work term.

Students are actively prepared for interactions
with industry project sponsors. They are encour-
aged to plan for their interactions and to elicit
information they will need during the project
cycle. Students are assigned personal evaluation
tasks both prior to and during the course as well
as peer and team evaluations. Personal and team
evaluations and reflections are built into the course
as metacognitive cycles [7]. Each of three metacog-
nitive cycles focuses on the planning and the pro-
duction of a milestone project deliverable and ends
with individual students and team of students
reflecting on their achievement, how well they
performed and how they might improve in a
structured manner [7, 29]. A midterm exam offers
a unique personal evaluation opportunity; the first
pass at the exam is made individually, but the
second pass involves design groups. Students may
choose to accept either the individual mark or
include a portion of the group mark. Under time
constraints with the opportunity to improve their
final grade substantially, students are well-served
by evaluating themselves honestly and strategically
deploying group members according to the
strengths of each and exchanging information effi-
ciently.

3.2 Design Course Implementation

Teaching is inductive and deductive and done in the
context of a community of practice. Although the
course descriptions include explicit knowledge
topics, the courses focus on the contextual applica-
tion of the knowledge, development of engineering
practice, self-evaluation, and life-long learning. Lab
assignments parallel early career assignments and
are based on the analysis of a benchmark process
plant that is developed week over week, beginning
with the basic flow sheet development and ending
with a business case analysis. Lab assignments are
completed in teams, using a standard industrial
process simulation package (VMG Symmetry)

with open access to electronic and textbook
resources. Interaction between teams is encour-
aged, and instructors and teaching assistants facil-
itate conversations and information sharing.
Online resources are applied thoughtfully, with
video and text references available as assignments
are released. Lectures focus on application; topics
are effectively summaries of prior coursework and
include short quizzes and practice calculations that
reinforce the real-world context. Instead of a text-
book using a theoretical pump curve, students are
asked to evaluate a fluid moving problem using a
vendor manual with multiple product offerings.

As the course progresses students simultaneously
choose industry-sponsored projects and apply their
skills and knowledge to a new problem with con-
current lectures offering an active learning theore-
tical review and the lab sections proceed with a
controlled design life cycle. This nested approach is
very similar to most early career assignments, where
engineers are asked for technical information while
progressing multiple projects at various stages of
development in different roles. Most students are
enrolled in a full-time course load alongside the
design course, and individual time management is
key to success. Students are asked to plan their
project, as well as submit plans for each lab assign-
ment to reinforce the community element; while a
single student may enjoy completing their work
immediately before it is due, this approach doesn’t
work well in groups where different deliverables are
sequential. This tacit knowledge is structured in the
experience of the course as students take on greater
responsibility for the management process from the
first to the second Chemical Engineering process
design course. Ongoing efforts are being made to
include tacit knowledge earlier in the engineering
program. For example, tacit knowledge is now
included explicitly in Success in Engineering and
Engineering Design, two first year courses taken by
all engineering students, recently redesigned from
previous offerings and offered for the first time last
year.

3.3 Design Course Continual Improvement

Continual improvement is a key requirement of the
Canadian Engineering Accreditation Board and a
focus for the Chemical Engineering process design
instructors [29]. Voogt et al. [30] use structural
equation modelling to describe an analogous pro-
cess in medical education; that of the resident. A
teacher-practitioner without significant institu-
tional authority may not ‘“‘speak up” to voice
suggestions for improvement. Design instructors
actively seek input before, during and after each
iteration of the design courses. The course design
and community of practice approach actively



On Teaching Tacit Knowledge in Engineering Design and Professional Practice 85

involves instructors, project sponsors and teaching
assistants in ongoing improvement [7, 29]. Active
involvement of graduate students in teaching roles,
not simply assignment grading, further reinforces
the idea that everyone involved in the course is an
engineer, and a member of the same community of
practice. All are invested in the success of the
students’ transformation to engineers-in-training
and their successful transition to the workplace.

4. Reflections and Improvements

Reflection is a metacognitive skill [31, 32] and a
professional skill [33, 34]. It is essential for the
cultivation of tacit or implicit knowledge in indivi-
dual engineers and engineering students. Reflection
isan art and a practice that enables us to make sense
of our experience and reconcile it with the codified
and fundamental knowledge that are inputs to our
personal and private tacit engineering knowledge.
There is a certain element of conscious control of
reflection and to a certain extent it happens at an
unconscious level as a result of our experiences [9].
Cultivation of student experiences to encourage
conscious and unconscious development of tacit
knowledge where students may check their percep-
tions with instructor and teaching assistant mentors
is a part of how we teach. The following section
comprises our reflections on our community of
practice. All design instructors are professional
and practicing engineers.

4.1 Instructor 1 Reflection

I am an engineer who became an academic later in
my career. I look forward to teaching process
design every term. I find going back to school
every year exciting. I am keen to see what the
students will think of the design projects we have
developed for them to engage with. I am eager to
help them learn about the design process and to
watch them develop engineering identities. I
enjoyed engineering as a chemical engineering
undergraduate student, as a part time mechanical
engineering graduate student, working full time at
an operating company, as [ became a professional
engineer, as a consultant, and finally when I came
back to university to teach. I became part of the
process design teaching team and launched a new
phase of my career as an academic. I am a lifelong
learning enthusiast. My goal is to share my enthu-
siasm for engineering and my experience with the
realities of complex engineering design, operation
risk, and failures with students. My other goal is to
help students begin to understand what engineering
practice is and then to transition to engineering
practice.

When 1 first started teaching, I realized all our

students were capable. They are all intelligent and
put in effort. I noticed some put in more effort than
others, some knew what engineers do and some had
a developing an engineering identity. They had a
clear picture of what they were aspiring to be.
Others really did not know what an engineer did
or how to become one. For the most part, our
design students all come to classes — whether or
not they are always engaged or developing skills for
engineering practice was a topic for debate and
improvement. I wondered why not all students
“get it or are as capable of integrating knowledge
from their other classes and applying it in the
engineering design process. I became a part time
MSc student again so I could study the education
process from the perspective of the measuring
student graduate attribute achievement, as we
shifted the design course from a lecture based
project course to a blended and active learning
delivery approach. When we taught the course
material in a lecture format, students were far less
engaged than they are now with a blended learning
approach and a focus on developing engineering
design practice knowledge and skills. For some
students, there was still something missing from a
teaching and learning perspective - even after we
shifted to blended learning. I began a doctoral
programme focusing on creating a learning culture
and improving engineering design education from
the perspective of developing the graduate attri-
butes and professional identity embedded in a
community of practice. I had learned the lectures
we put together were helpful, but less important
than being a guide and a mentor as students
experience what engineers do in the design process
and learn from it. Developing an engineering iden-
tity seemed to be one of the missing items for
students. Students come to understand their role
as engineers from mentors who demonstrate the
practice of engineering and show them the conse-
quences of engineering failures. Telling and relating
such stories to their project work helps students to
develop hazard identification skills and in turn
better design options — a key part of their engineer-
ing mindset and professional development. In other
words, missing pieces of the design curriculum are
found in a structured experiential learning process
where students develop explicit and implicit knowl-
edge. Once students learn the sense making meta-
cognitive process and use it explicitly, they are able
to continue using it before and after they graduate.
Students develop their tacit knowledge and make
sense of the fundamentals by connecting them to
real pieces of equipment and examining the inter-
actions of mass, energy, and momentum in each
piece of process equipment studied. Process simula-
tion is an important tool for knowledge synthesis
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and integration. It is exciting to see students make
connections and be able to apply them to new
circumstances. [ want all of our students to succeed
and get legitimate A grades. They are all capable. It
is really just a matter of how far along they are on
the path to embracing an engineering identity,
integrating their knowledge with their experience
of the world, and building confidence in their ability
to frame design problems so a solution can be
developed. All items supported by positive interac-
tions with ‘those who matter’ in a community of
practice.

4.2 Instructor 2 Reflection

I have taught Chemical Engineering process design
for three decades. Over this time, I have observed an
increasing need to include tacit knowledge explicitly
in our design curriculum. Early on, students were
responsible for obtaining engineering summer
employment on their own. They developed and
then worked their personal network of professional
engineering contacts (engagement with active local
chapters of professional societies that actively
recruited students, recent alumni). Students relied
more strongly on one another than they do cur-
rently and were more invested with one another
socially. Students were engaged more deeply and
consistently with the engineering profession from
an earlier stage in their education. At that time tacit
knowledge was transferred informally and organi-
cally from one “generation” of students to another,
whether through storytelling or direct engagement.
The community of practice was small and tight knit.
There was limited need for explicit inclusion of tacit
knowledge in the formal design curriculum. Fast
forward to 2020. Class sizes are large; local sections
of professional societies are less active, where they
still exist, and are no longer a focus for professional
life; students rely on co-op/employment offices to
identify potential summer employment opportu-
nities; student life is more diffuse; ties among
student peers at the same or different stages of
their program, and between students and recent
alumni have loosened and are largely mediated by
university staff. Explicit inclusion of tacit knowl-
edge in the curriculum is essential. In between, I
sensed a growing disconnect between my expecta-
tions of students’ ability to handle open-ended
design challenges and their actual ability to do so.
Over time we increased the number, nature, and
depth of interactions between students and practi-
cing engineers, as class size grew, and took other
steps to bridge student learning needs, but only
more recently did we include tacit knowledge expli-
citly in the curriculum. I'm glad we did. The impact
on student learning and professional development
has been apparent.

4.3 Teaching Assistant and Instructor 3 Reflection

I found myself as a student again after a painful
layoff, back in the buildings where I’d taken my
undergraduate degree, in a bizarre state of deja vu.
Offered a teaching assistantship in the senior design
course, I leapt at the chance. The assignments for
the design course were similar to deliverables pre-
pared by early career engineers. I delighted in
including reference links, diagrams and images in
student assignments when they showed even a
glimmer of interest in my subject area. I grinned
when one of the students took me aside during an
early lab activity and asked sincerely whether things
were so “‘messy’’ in the real world; a process design
problem with no obvious solution and many
assumptions to be made. I enjoyed having stories
for nearly every piece of equipment studied in the
course; despite having been primarily a mechanical
engineer, I had a surprising degree of relevant
narratives for process engineering problems. Stu-
dents always smiled when I would get excited, ““this
is the fun part! Isn’t it great that we get to do this?”

Working as an assistant in this course, I began to
realize that I had lost touch with the optimism and
purpose that drove me through the early years of
turnarounds and failure investigations, brushing
coke dust off my face and scraping bitumen off
my boots. We present the design course described in
this paper as a type of bridge for students, between
the familiar world of school and the challenging
world of early career life, but it’s a bridge for
practitioners too. As detailed study of scientific
theory expands my knowledge of my subject area,
the opportunity to teach undergraduates expands
my optimism and confidence in the profession.
Several students made a habit of staying behind
after lab sections to ask me questions about every-
thing from the week’s assignment to weighing
different job opportunities. I may not have suc-
ceeded in communicating to every corporate man-
ager that challenged me, but the stories I tell
students arm them for similar battles. Engineers
often work in relative isolation in modern business
environments. This course showed me, beyond a
shadow of a doubt, the value of a community of
practice, not only for students, but for educators
and practitioners. A teaching assistant doesn’t need
to be a marking machine, let loose from a connect-
the-dots marking guide, students may find a poten-
tial peer; a reality that is more imminent than many
realize. These lessons could have significant impli-
cations for managers of engineering departments as
well as inform practices for teaching.

4.4 Improvements and Findings

Evaluating design projects requires assessment of
gaps — areas where performance does not meet
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specifications. New iterations of a design arise from
the identification and evaluation of gaps. Our
instructor reflections offer three unique perspectives
that delineate a widening gap. Engineering aca-
demic experience is unlike professional practice
experience and the characteristic tendencies of
both career paths appear to be divergent. In order
to effectively bridge the gap and prepare students
for professional practice, it is necessary to under-
stand the reality of student life as well as the
professional realities and responsibilities of both
university based instructors and industry based
professionals practicing engineering.

“I learned a lot from this course, and especially from
the advisor asking you to think by yourself, because it
used to be: ‘T’ll tell you this, and you’ll tell me that’, but
this time it was: ‘you tell me what you think, or what’s
the option you have to accomplish this design’ And
that made me very motivated” (Student) [7].

Design projects conceived by industry-based practi-
cing professional engineers and delineated by uni-
versity instructors offer the structure of real-world
interactions. The inclusion of practicing profes-
sionals supports the inclusion of the routines and
cultural norms common to engineering workplaces
in our design courses. The practice of technical
challenge, which includes checking and peer
review, is a key element of our course design. For
example, the initial student design project deliver-
able, the project scope, occupies a significant
amount of the course timeline and offers two
opportunities for formal feedback and informal
discussion. The initial submission is graded on a
completion basis, reinforcing the idea that in engi-
neering practice it is unrealistic to expect a first
submission will meet the expectations of the client.
Revisions are typically expected. Cycles of negotia-
tion and revision are necessary to develop a shared
tacit understanding of the problem to be solved.
This threshold concept is challenging for students,
who may come to design with some anxiety sur-
rounding grades and achievement and struggle with
formative assessments.

“This course gave me confidence that I can be an
engineer. Even though I didn’t do as well as I hoped,
this course taught me many intangible skills like leader-
ship, adaptability, problem solving and on the spot
thinking” (Student).

When academic institutions prioritize field experi-
ence as a teaching qualification and encourage field
experience as part of undergraduate and graduate
learning experiences, they recognize the intertwined
nature of academic and industrial professional
engineering practice and the value of integrating
practical expertise into academic programmes. This
implicit message is not lost on design students.

Explanations and descriptions of design practices
are complimented by realistic feedback and mod-
eled interactions, which students can test and try as
they develop their design projects.

“Learning in that environment was actually really
interesting, because some of the other students could
have an insight that another may not, and a lot of the
co-op students have worked in different areas, and
when we talked about pumps or heat exchangers, they
knew about them more than some of the traditional
students. So, it was really nice to share the experiences
and to start learning from other people, and start
collaborating with them” (Student) [7].

Instructors with diverse knowledge and experience
working jointly in a flipped course delivery model
closely reflects the reality of professional practice,
where projects have multiple stakeholders and con-
tributors who do not approach concepts and tasks
in the same way. Stakeholder meetings are not
typically structured as information delivery and
note taking. Active engagement from designers
and stakeholders is vital to reaching the necessary
shared understanding of the design problem, con-
straints, specification, and possible solutions. The
lead instructor asking questions like “How would
you identify this phenomenon in the field?” or
“What do you think about this situation?” to
prompt a contribution from a TA or co-instructor
models the type of collaborative interaction neces-
sary for students to elicit high quality stakeholder
input from their clients in the capstone course and
from project stakeholders as new graduates.
Throughout the course this practical approach is
apparent, with instructor debriefings following key
student evaluations; student assessments and feed-
back are applied to determine areas of focus as the
course progresses and between academic terms. The
evolution of the design course demonstrates the
importance of evaluation and re-design, as with
any engineering project.

5. Conclusions

Tacit knowledge is an important aspect of chemical
engineering design and engineering design in gen-
eral. Tacit knowledge is generally not taught in the
context of a lecture or structured laboratory experi-
ence where the learning objectives are specific to
codified and fundamental knowledge acquisition
and reporting on predetermined outcomes. Tacit
knowledge is acquired in an experiential manner.
When the experience is scaffolded, this allows for
time for student reflection and multiple iterations
and enrichment of the tacit knowledge acquired in
the program. The transfer of tacit knowledge can be
enhanced by the use of narratives, mentors, gradu-
ate students, industry practitioners, and student
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reflection. Continual improvement and modeling of activity for students as a part of professional
reflection by the teaching team may normalize this practice.
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