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Although knowledge building pedagogy is being used increasingly around the world to support deep learning and to
prepare graduates for the knowledge economy, its potential for improving engineering education remains largely
unexplored. In this paper we review knowledge building theory, present a pilot study applying knowledge building in
an engineering class and discuss questions raised by the study. In the pilot study, knowledge building was applied in one
engineering class with 20 students. A narrative approach was used to initiate student knowledge building efforts and
Knowledge Forum software was used to both support and keep a record of the ongoing discourse. The discourse was then
analyzed to see if it reflected the determinants of knowledge building. A student survey and student reflections were used to
record student perceptions. Discourse analysis showed that knowledge building clearly took place as evidenced by higher-
level formulations of the problems, increased engagement, and more complex levels of discourse. Most students
participated fully in the discourse resulting in a shift to orientation on idea improvement. While the study’s findings
support the promise and potential for knowledge building in engineering, it also raised questions that need to be addressed
to broadly apply knowledge building in engineering education. These include: What types of questions or problems of
understanding are most effective for engaging a broad range of students and generating substantive discourse? How should
instructors best facilitate the discourse? And how can a student’s ability to use knowledge innovatively be most effectively
assessed?
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1. Introduction

In the current and rapidly evolving knowledge age,
societies are now being organized around the pro-
duction of new knowledge in the same way that
agrarian societies are organized around agriculture
or industrial societies are organized around manu-
facturing [1]. The National Science Board [2] writes:

Engineering thinking needs to be able to deal with
complex interrelationships that include not only tradi-
tional engineering problems but also encompass hu-
man and environmental factors as major components.
In addition to analytic skills . . . companies want
engineers with passion, some systems thinking, an
ability to innovate, an ability to work in a multicultural
environment, an ability to understand the business
context of engineering, interdisciplinary skills, commu-
nication skills, leadership skills, an ability to adapt to
changing conditions, and the eagerness for life long
learning. This is a different kind of engineer from the
norm that is being produced now.

This vision of a new kind of engineer is strikingly
similar to the qualities and characteristics that
research in the learning sciences deems essential
for success in the knowledge age. Sawyer [3] writes
that success in the knowledge economy requires
integrated and usable knowledge with a deep under-
standing of complex concepts; the ability to work
creatively with ideas to generate new theories,
products, and knowledge; the skills to communicate
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and participate in discourse; and the capacity for
lifelong learning. Echoing the NSB, he notes that
traditional educational practices are particularly ill
suited to this task.

In this paper we will introduce knowledge build-
ing, a collaborative approach to engineering educa-
tion designed to prepare graduates for the
knowledge age [4]. Although knowledge building
is being used increasingly around the world in a
variety of educational settings, its potential for
reforming engineering education remains largely
unexplored. We will review knowledge building
theory, present a pilot study applying knowledge
building in an engineering class and discuss ques-
tions raised by the study.

2. Designing knowledge building learning
environments in engineering education

Since the publication of How People Learn in 2000,
having students develop deep understanding of
what they are learning has been the sine qua non
of research and development in education. Brans-
ford, Brown and Cocking [5] place great emphasis
on deep understanding because all the evidence
points to the central role of understanding in
determining whether knowledge is usable, transfer-
able, can be employed to advance knowledge, and
can be used in the creation of new knowledge.
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In the sciences, scholarship focused on learning
and on the design and refinement of instruction that
supports deep understanding, has led to a variety of
pedagogies holding great promise for improving
engineering and science education [3]. All these
pedagogies are constructivist in that they view
learners as active agents who develop new under-
standing through a process of building on and
transforming their existing knowledge. One group
of pedagogical approaches can be broadly charac-
terized as inquiry-based. Learning by Design, Pro-
ject-Based Science, and Problem-Based Learning
are three such pedagogies [6-8]. Inquiry-based ap-
proaches seek deep understanding by engaging
students in solving problems chosen to illuminate
and thus scaffold students’ discovery of important
scientific principles.

A second group of pedagogies falls under the
rubric of knowledge building. Knowledge building,
knowledge creation, and expansive learning are
three examples [9-11]. Knowledge building pedago-
gies emphasize the role of collaboration in knowl-
edge creation, the crucial role of discourse, and a
conception of knowledge as a set of continuously
improving ideas rather than final truthful answers.
Students are cast as knowledge workers, engaged in
the same social, intellectual, and discourse practices
found in all knowledge producing organizations.

There is a growing consensus that the most
important problems facing engineers will require
new knowledge, working with diverse teams and
formulating solutions to problems that are still
unknown [12].

The problems they encounter will often require
intense cross-disciplinary collaboration around the
creation of new knowledge. The Grand Challenges
for Engineering [13] are good examples. Each of the
challenges is a large-scale knowledge building pro-
blem. Tomake progressin addressing the challenges,
engineers will need to participate in a “demanding
sortof discourse, which presents problemsinkeeping
things moving forward without shutting out objec-
tions and divergent ideas and in taking into account
relevant facts without getting overwhelmed by com-
plications.” [9] The education of engineers should
equip students for this kind of knowledge work.

It is striking to note that many of the principles
and practices of knowledge building are also deeply
consistent with the ABET Engineering Program
Outcomes [A]-[K]. Most obvious is the ability to
participate effectively on multidisciplinary teams, to
communicate effectively, and to engage in lifelong
learning; in addition, the broad-based inquiry of
knowledge building inevitably provides a means to
address many of the other outcomes in a way that
supports the development of deep understanding.
Citing IDEQO’s Tim Brown [14]:

Many designers who are skilled technicians, craftsmen,
or researchers have struggled to survive in the messy
environment required to solve today’s complex pro-
blems. They may play a valuable role, but they are
destined to live in the downstream world of design
execution . . . A creative organization is constantly on
the lookout for people with the capacity—and just as
important—the disposition for collaboration across
disciplines. In the end, this ability is what distinguishes
the merely multidisciplinary team from the truly inter-
disciplinary one.

2.1 Distinctive features of knowledge building

Knowledge building, as developed by Bereiter and
Scardamalia, has been written about extensively,
has formed the basis for considerable research, has
been the conceptual focus of an international edu-
cational research community, and has led to the
development of a web-based tool (Knowledge
Forum) designed to facilitate sustained discourse
[4,9, 15-18]. The knowledge building approach has
been employed in a variety of countries, grade
levels, and subject areas. Science has been a focal
discipline in knowledge building research; and suc-
cessful knowledge building efforts have been re-
ported in medical education as well as in other
fields of advanced scientific education [19-20]. The
research literature describing implementations of
knowledge building, along with the well-articulated
theoretical foundations of knowledge building, pro-
vide a conceptual and practical foundation from
which to design an approach well suited to the
education of engineers. Scardamalia [15] offers a
comprehensive set of properties she views as deter-
minants of knowledge building and the commu-
nities that support it. These include:

e Problems are what participants care about.

e Knowledge advancement is the explicit and
shared goal of all participants.

e Allideas are treated as improvable.

e Advancing knowledge requires idea diversity;
understanding an idea means understanding the
ideas to which it is related.

e Participants work toward broader reformula-
tions of the problem.

e Participants negotiate and work toward effective
collaboration.

e The participant structure is inclusive; all are
empowered, and expertise is distributed among
participants.

e The discourse results in more than sharing of
knowledge; it also refines and transforms knowl-
edge.

e Assessment is an integral aspect of knowledge
work.

A distinctive feature of knowledge building is that it
1sidea centered, a characteristic essential in a knowl-



Applying Knowledge Building in Engineering Class

947

edge age pedagogy. By focusing on ideas rather than
assignments and tasks, knowledge building sup-
ports the intentional, reflective, and metacognitive
engagement required for deep learning. The starting
point for knowledge building is a shared “problem
of explanation’ [9]. Being able to explain a puzzling
or not completely understood phenomenon re-
quires devising a better theory or explanation; that
is to say, it requires knowledge improvement. As
explained by Paavola, Lipponen, Kakkarainen [21],
“The primary goal of members of an expert com-
munity is not to learn something (i.e. to change, or
simply add to, their own mental states) but to solve
problems, originate new thoughts, and advance
communal knowledge.”

Effective knowledge building entails students
having appropriate learning goals. Therefore an
effective learning environment must help students
comprehend the nature of deep learning and be able
to gauge their own progress as learners. Transfer,
the way students are able to use what they have
learned, is central to the formation of learning goals.
Participating in knowledge building should result in
the kind of transfer that Schwartz, Bransford and
Sears [22] characterize as innovation. Schwartz, et
al. make a distinction between learning in support of
efficiency and learning in support of innovation.
Efficiency represents the ability to replicate and
apply what has been learned. While replication can
be rote and narrow, well-learned replication skills
can often be applied or transferred more widely—in
contexts not exactly like those of instruction. This
kind of efficiency is an important and valuable
educational outcome. However, Schwartz, et al.
argue that efficiency, even in its best sense, needs
to be accompanied by innovation. Innovation calls
for using knowledge interpretively, seeing things in
new ways, asking generative questions, and improv-
ing existing knowledge. In other words, innovation
requires new learning. Knowledge building, as char-
acterized by Scardamalia’s determining character-
istics, engages students in solving problems that
require going beyond already learned ideas

2.2 Implementing knowledge building pedagogy

Designing a knowledge building learning environ-
ment must attend to three major factors. One factor
is devising appropriate problems of understanding,
problems that require a focus on ideas rather than
on the completion of school tasks or activities. A
second factor is creating the participant structures
and practices that support knowledge building
discourse. The third is to develop ways to measure
deep learning outcomes. The objective of our re-
search—beginning with the pilot study presented
here—is to develop guidelines addressing all three
factors.

Devising problems of understanding calls for
problems whose solutions build upon students’
existing knowledge while at the same time requiring
them to learn new things. Beyond being the right
kind of problem at the proper level of difficulty, the
problem must be engaging enough to summon the
motivated effort deep learning requires. The first
characteristic of knowledge building is that students
have to care about learning and about the problem
to be solved. Unfortunately there is neither a sure
fire collection of ready-made problems nor a well-
defined set of guidelines for producing these pro-
blems.

To address this need, we have begun exploring the
application of a theory developed by Egan [23]. This
approach builds upon students’ characteristic ways
of thinking to structure engagement with ideas and
knowledge. Egan’s intent is to engage students’
imaginations in their pursuit of understanding and
thus engender the kind of caring about learning
necessary for successful knowledge building. In
Ellis, Rudnitsky and Moriarty [24], we present
Egan’s approach and how it can be adapted for
use in the engineering classroom.

Central to knowledge building and its participant
structure is discourse. Teachers have to scaffold,
share, redirect, and otherwise influence student
collaborative discourse. The three kinds of dis-
course moves that are especially important in
knowledge building are questions, statements that
focus on ideas, and regulatory statements directed
at collaboration and learning [20]. How to best
support students as they become fluent in these
moves is currently not well understood.

Providing ways for students to contribute to and
participate in discourse beyond the temporal and
physical confines of the classroom has been shown
to be a valuable support for knowledge work. An
effective example of how technology can provide
this type of support is Computer-Supported Inten-
tional Learning Environments, CSILE [5]. CSILE
has been further developed into a software environ-
ment called Knowledge Forum. In the pilot study
presented in this paper, we use Knowledge Forum to
support and facilitate collaborative knowledge
building.

Developing ways to measure deep learning is an
important facet of ongoing work in the learning
sciences. Because students take seriously what they
are being held accountable for [25], it is essential that
course learning assessments hold students accoun-
table for high level outcomes. Schwartz, et al. [22]
have made important advances toward the devel-
opment of tests that measure whether students are
able to use what they have learned innovatively.
They refer to their tests as PFL assessments (pre-
paration for future learning). We contend that PFL
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assessments are an important approach for asses-
sing how students think about and approach pro-
blems, particularly as they relate to the framing of
unfamiliar problems that require new learning.

2.3 Knowledge building in engineering education

In spite of its use in a variety of educational settings
around the world, no research has been published
that investigates knowledge building pedagogy in
an engineering class. Neilsen, Du and Kolmos [26]
did publish an empirical study claiming that an
online learning community including engineering
students interested in satellite operations did meet
Scardamalia’s determinants for knowledge build-
ing. However, knowledge building pedagogy was
not used in the community and their only finding
was that it is challenging for students with such
diverse backgrounds to work together. The absence
of research is particularly surprising in light of a
growing body of evidence indicating that knowl-
edge building is an effective collaborative approach
to learning. Such approaches that create commu-
nities of learners, where students take active respon-
sibility for knowledge advancement, are consistent
with strategies that have been shown to improve
retention in under-represented minority student
populations [27-32].

While knowledge building is largely unknown to
engineering educators, they are more likely to be
familiar with problem-based learning (PBL). In
PBL students are confronted with ill-structured,
real world problems and work together to determine
the information needed to solve the problem and
develop their own solutions. (See Prince and Felder
[32] for a review of PBL in engineering education.)
Bereiter and Scardamalia [33] note a number of
similarities between knowledge building and PBL.
These include the importance of a problem driving
the process, dialog, students identifying what needs
to be found out, collaboration, task distribution
and a focus on producing a cognitive outcome
rather than an artifact or presentation. However,
they also note a number of important differences. In
knowledge building the problems are normally at
the level of principle and are not cases; the focus is
on understanding and not reaching a conclusion or
practical result; the problems are expected to un-
dergo a transformation through the inquiry result-
ing not in a problem being solved, but an
advancement of the collective state; the teacher
serves more as a co-investigator; much of the
collaborative work is computer mediated and asyn-
chronous; and the software environment supports
and structures the interactions. Bereiter and Scar-
damalia [16] write that knowledge building is less
bound to activity structures than PBL and “is
explicitly defined as an approach to knowledge

that ‘is not confined to particular occasions or
subjects but pervades mental life—in and out of
school.””

3. Smith College Pilot Study

As a first step in designing a more comprehensive
study of knowledge building in engineering educa-
tion, in 2009 we began a pilot study in the Picker
Engineering Program of its use in one technical
elective course. Established in 2000 at Smith Col-
lege, the Picker Program is the first engineering
program at a women’s college in the United States
and one of only a handful of such programs set
within a liberal arts college environment. Students
in the program can choose to earn a B.S. in
engineering science or a B.A. in engineering arts.
The course selected for the pilot study was Techni-
ques for Modeling Engineering Processes (EGR
389) with an enrollment of 20 students. Consistent
with the program’s vision of emphasizing “the unity
of knowledge across engineering subjects in a liberal
arts context” [34], the course includes both technical
intended learning outcomes (such as applying arti-
ficial neural networks and stochastic models in
engineering contexts) and nontechnical intended
learning outcomes (such as understanding the inter-
disciplinary nature of artificial intelligence (Al)).
Knowledge building was used in the course to help
students develop an interdisciplinary understanding
of Al by exploring a question that probed the limits
of the field.

3.1 Creating student engagement

To be successful, knowledge building requires a
level of student engagement that goes well beyond
just wanting to do well in the course. As presented
earlier, an approach that we are investigating to
create this engagement is the use of narrative that
engages student imagination. A narrative based
upon Egan’s concept of romantic understanding
[23] was used in EGR 389 to seed the knowledge
building process. In this narrative the story of Alan
Turing’s life—beginning in his childhood; continu-
ing to his contribution in breaking Nazi Germany’s
Enigma code; exploring his many contributions to
the field of computer science; examining his writings
on the possibilities for creating sentient machines;
and finally ending with his conviction on charges of
homosexuality and suicide by eating a cyanide-
laced apple—was presented to the class. The narra-
tive accomplished two tasks in the seeding process.
First, it introduced students to many of the ideas
and background knowledge needed to formulate a
meaningful problem of understanding. Second, it
created a high level of engagement by helping
students put themselves emotionally in Turing’s
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place when he wrote, “I propose to consider the
question, ‘Can machines think?"” [35].

3.2 Formulating a problem of understanding

With the students now engaged in the topic, a
subsequent class session focused on introducing
students to the concept of knowledge building and
formulating a problem of understanding arising
from the Turing narrative. Students were intro-
duced to knowledge building by reading an article
by Scardamalia [14], discussing it in class within the
context of the changing role of engineers in the
knowledge age, learning about five guiding princi-
ples for knowledge building [36] and watching a
demonstration of the key features of the Knowledge
Forum software. Following the demonstration,
students were divided into teams to brainstorm a
list of questions from the Turing narrative that
intrigued them. While a variety of questions were
developed, at the heart of most of them was a need to
better understand the possibility of machine con-
sciousness. After some discussion, the class agreed
upon the following question: What is consciousness
and can a machine have it? The class then worked
collaboratively to group their initial thoughts into
three general theories:

(1) consciousness arises from computation;
(2) consciousness does not arise solely from com-
putation;

(3) consciousness is separate from the physical and
cannot be modeled.

Each student chose one of the three theories on
which to focus her knowledge building efforts. After
an initial face-to-face meeting for each of the theory
groups, all of the knowledge building took placeina
public discourse on Knowledge Forum.

3.3 Knowledge building

With the problem of understanding formulated and
initial theories developed, students began a nine-
week period of knowledge building that took place
largely outside the classroom in the Knowledge
Forum workspace. In the workspace each of the
three initial theories was developed in a different
view (visual space). Although all students worked in
the view representing the initial theory they had
chosen to focus upon, many students decided to add
to or read the discourse in other views. The view for
Theory 3 (midway through its development) is
shown in Fig. 1. In the figure each box represents
a note posted by a student. These notes become the
objects of the discourse within the community.
Arrows indicate when a note builds upon another
note. An example of a posted note is shown in Fig. 2.
The notes were typically several paragraphs in
length and often included hyperlinks to the author-
itative resources being cited. Many students took
advantage of the Knowledge Forum scaffolds de-
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Fig. 1. Portion of EGR 389 Knowledge Forum workspace showing the structure of the discourse in view #3
(consciousness is separate from the physical and cannot be modeled).



950 G. Ellis et al.

®00 Note: Penrose's arg t for why consci is non-computable - Student M

['Note  Authors  Connections Info History]

< . - -
* Problem Penrose's argument for why consciousness is non-computable

AY .

I currently have the copies of Emperor's New Mind and Shadows of the Mind, but would be happy to share.

I will outline here two arguments that he makes in Shadows of the Mind, namely that "mnthmucnl truths” (76) are un-
computable and that the process human mathematicians use to determine whether a st is ically true is non-

algorithmic (76).) Penrose calls the second statement the "Godel-Turing conclusion” (75).

the computer, that this computation will never end because no odd number exists that is the sum of even numbers. But, is it
possible for the computer to know this? Can the ability to determine whether a computation terminates be programmed into a
computer, i.e. is knowledge of mathematical truths algorithmic?

Penrose approaches the problem this way:

Let C(n) be the computation done by the computer. For example, if n = 4, C(4) represents the testing of ive odd b

(New information Following up on the point that Penrose's arguments are based in mathematics, and specifically Godel's Theorem,

Let's say we want to solve the problem of finding an odd number that is the sum of n even numbers. We give this problem to a
, and the tries ive odd bers, starting at 1 and increasing ad infinitum. We all know, without using

to find whether they are the sum of four even numbers.
Let Cqg(n) be the gth trial of the computation.

the knowledge of the computer about whether C(n) will stop. Let's assume that A will stop if it finds that C(n) does not
stop. Because A evaluates each computation Cqg(n) separately, it can be written as A(q,n).

-~ Summarizing the relationship between A(q,n) and Cq(n) (Taken from Shadows of the Mind, pp74-5):
If A(q,n) stops, then Cg(n) never stops 1]

In the case that q = n, [1] can be re-written as
If A(n,n) stops, then Cn(n) never stops 2]

| agree; | think self-awareness is a key

Because A depends only on n, there must be one computation Ck(n) for which that, as they are now, ANNs aren't
A(n,n) = Ck(n) 131 ’ s

In the case that kX = n, [3] can be re-written as

A(k,k) = Ck(k) 4]
Substituting k = n into [2] gives systems). |
If A(k,k) stops, then Ck(k) does not stop. (51

Substituting [4] into [5] gives

If Ck(k) stops, then Ck(k) does not stop. 6]
This statement is inconsistent! Assuming that Ck(k) truly does not stop, A(k,k) will
words, the computation A is not conscious about whether C(n) stops. Penrose concludes
approach to solving this kind of problem, as shown by our “conscious understanding” that the computation does not stop. This

statement implies that consciousness is itself non-algorithmic (76). E&uﬂemn Esmdemm StudentH [ student M

av
(,,.o Keywords ]Godel. consciousness, mathematical truths

Let A represent the computation used to determine whether C(n) will ever end, i.e. q < infinity. In other words, A represents

component of consciousness. | also agree

self-aware, but | think it's possible that at
some point in the future they could be (or
some other combination of ANNs and expert

(" InsertDrawing ) ( Build-on ) ( Annotate ) (" Close

)

/

Fig. 2. Detail of student note posted on the EGR 389 Knowledge Forum workspace for view #2 (consciousness is separate from the
physical world and cannot be modeled). Note the scaffold used near the beginning identifying the note as posting “New information” and

the four annotations at the end added by other students (the first one is opened).

signed to help students frame and present their ideas vancement from the students’ initial naive theories

more constructively. Knowledge Forum allows and reflected the complexity and richness of the

users to include annotations in their classmates’ topic. In it the students:

notes and these were also used regularly. Students

typically used the annotations to respond or com- ° Reformule.lt.ed the initial problem in terms of

ment on the details of a note and created a new note computability;

when their ideas built upon the original note. e Discussed points of agreement (such as con-
A principle of knowledge building is not only that sciousness being linked to physical processes in

students engage in a sustained discourse to improve the brain) and disagreement (the role of emotions

ideas and understanding, but also that the discourse and whether they have a non-physical aspect);

leads to higher-level formulations of the problem e Brought up new questions that arose through the

[14]. Knowledge Forum supports this higher-level discourse (whether “consciousness should be de-

formulation by allowing users to create a note that fined as being human like, or if it should be

can rise above the discourse. In the pilot study the defined as a separate entity related to higher brain

students working in each view created a rise above function, abstract thought, or self-reflection™);

note that summarized and reformulated the dis- e Discussed why they felt the problem is so intract-

course in the view. Finally, the entire class worked able.

together to create a final rise above note that

integrated the rise aboves of the three views. This 3.4 Instructor role

final collective rise above showed tremendous ad- Scardamalia [15] writes about the socio-cognitive
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dynamics of a successful knowledge building com-

munity:
Participants set forth their ideas and negotiate a fit
between personal ideas and ideas of others, using
contrasts to spark and sustain knowledge advancement
rather than depending on others to chart that course for
them. They deal with problems of goals, motivation,
evaluation, and long-range planning that are normally
left to teachers or managers.

We found that although such a description clearly
indicates a reduced and different type of role for the
instructor, there were still numerous opportunities
for the instructor to support the discourse. In
reflecting upon his role in the knowledge building
process, the instructor noted that his primary re-
sponsibilities were the following:

e introducing the concept of knowledge building to
the class;

e creating student engagement;

e guiding the process of developing a generative
problem of understanding;

e helping students to decide when to create rise
above notes; and

e encouraging students to reflect upon their learn-
ing and role in the discourse.

As in most engineering classes, the instructor was
also responsible for assessing student learning and
assigning grades. Student learning related to knowl-
edge building was assessed in two ways. First, the
midterm exam included a hypothetical Knowledge
Forum note describing how a machine’s inability to
feel limits what it can do (after Jefferson [37]). The
question asked students to write two responses to
the note that illustrated the ideas of two different
authoritative resources cited in the class discourse.
Second, students wrote a self-evaluation (that refer-
enced supporting evidence from their contributions
to the discourse) that reflected upon how their
participation addressed the five guiding principles
of knowledge building proposed by Lee et al. [36].
This self-evaluation and a review of the student’s
participation in the discourse were used to assign a
grade to each student. Student understanding of
technical content in the course was also evaluated
through exams, research projects and homework. It
was found that the mean student average on tech-
nical content in the year of the pilot study was
89.3%. This did not differ significantly from the
mean of 88.6% for the previous two years that the
course was taught (p-value = 0.74).

4. Examining node from pilot study
discourse

Knowledge building takes place when students are
working in what Karl Popper has deemed World 3

[38]. In fact, the whole point of knowledge building
is to accomplish this. World 3 is the world of ideas
and theories and shares Popper’s universe with
Worlds 1 and 2. World 1 is the world of real things,
of events, people, and action. World 2 is the internal
representation of World 1 in people’s minds. In
other words, World 2 represents our personal
understanding or mental model of World 1. What
is important about World 3 is that ideas are treated
as real things: they are what Bereiter calls concep-
tual artifacts [9], and they exist outside individual
minds. Ideas and theories are things that can be
examined, tried out, modified, rejected, and most
importantly improved. When students are working
in World 3, their goals are to advance collective
understanding. The discourse is a real conversation
that makes conceptual progress.

That is exactly what is found in the Knowledge
Forum node illustrated and summarized in Figure
3. Students are clearly working in World 3. Ideas
and theories about consciousness, the mind-body
split, emotions, unconscious mental activity, and
what it means to be human are expressed and are the
subject of conversation. The students, some expli-
citly, acknowledge the tentativeness of their ideas
and their openness to improvements. Students are
explicit when introducing ideas that may be con-
troversial. Diverse ideas are introduced into the
conversation—many from authoritative sources.
Students exhibit shared responsibility as conversa-
tional roles are distributed among participants.
Some initiate discourse, while others raise ques-
tions, introduce new ideas, cite authoritative
sources, or offer thought experiments. Most impor-
tant is that the discourse progresses.

A particularly wide range of ideas spanning
technical and nontechnical disciplines was brought
into the discourse for this node. This is not surpris-
ing because knowledge building requires real pro-
blems that matter to the participants. It would be
difficult to make progress on such problems without
exploring the broader context. Student ideas about
consciousness, the questions about dualism of mind
and body, whether intelligence and consciousness
are the same construct, and more are all well
represented in the study of the liberal arts. Jackson
[39] writes that grounding engineering in the liberal
arts makes engineers “more creative by expanding
their minds and exercising their imaginations.”
Similarly the National Academy of Engineering
[12] notes that such an education leads to graduates
who can meet a critical need by bridging the “two
cultures” cited by C.P. Snow [40]. Having engineer-
ing students view machine intelligence as being a
matter more complex than when they began and
raise questions about what it means to be human
suggests that knowledge building may be an effec-
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The Complexities of Conscious Thought (Student
B: Note read 62 times x 15 people)
Student B opens with a long note (over 2 pages)

The Complexities of Conscious Thought
udent B

The Unconscious

explaining why she does not think a sentient machine is Student O
possible. She begins her note by signaling her open- ;cl::er::i;w the body and mind?
mindedness about the theory she was offering. She i v o Dhscartas

acknowledges the application of the analogy receiving Student B
input from sense organs and a CPU receiving electronic
inputs. She believes that some things cannot be modeled
and cites insight, gut feelings and intuition as examples.
She then presents a theory that brains multitask and only
part of what they are doing is conscious. She sees
consciousness as the calm clear surface of our mental lives

Implications of re-defining consciousness as enlightenment
Student M

General Thoughts
Student M

, and literature

nsciousness, the

Student S : ”
Human vs. Animal emotions

Student O

that is amenable to artificial imitation, while below the
surface are the roiling crosscurrents of our unconscious. She suggests that all the autonomic and other responses
attributable to the nervous system are unconscious, but would have to be modeled because the body and mind cannot
be separate and still support consciousness. Student M and B use annotation to have a substantive interchange about
thought, logic and the possibility of an illogical consciousness.

Separating the body and mind? (J: 37 x 12) Student J elaborates on the mind-body split by citing Descartes. She
wonders whether, as B has suggested, the "body" can be computationally incorporated into the mind. J notes that
this would entail a "bodiless mind" which would be unique and then humorously states that we are all well aware of

the many "mindless bodies."

about minds, bodies, and consciousness.

beyond modeling.

thinking about things.

employ to humanize Babe.

emotions, that could not be modeled.

human.

The Unconscious (O: 19 x 10) Student O describes how the theories of Carl Jung might add to the conversation

An Eastern view of Descartes (B: 19 x 10) Student B contrasts Descartes with Buddhist beliefs about
consciousness. She notes that in Buddhism, becoming fully conscious is the same as attaining enlightenment. B
wonders whether a fully conscious person is still human. She supports the idea that some human qualities are

Implications of redefining consciousness as enlightenment (M: 20 x 10) Student M writes an "excited" note
acknowledging that the relationship of consciousness and enlightenment represents, for her at least, a new way of

General Thoughts (M: 23 x 9) Student M, in a note entitled "General Thoughts," summarizes her current thinking.
She ruminates about the qualities that distinguish humans from other conscious species. She wonders what defines
us and separates us. She uses the pig from the film "Babe" to identify some of those human qualities, the ones we

Human vs. Animal emotions (O: 12 x 6) Student O agrees that there are human qualities, going beyond even

Consciousness, the body, and literature (S: 10 x 6) Student S begins with Walt Whitman's views about the
inseparability of the body and soul. She sees how humans are more than the sum of computational parts. S goes on
to cite the case of brain-injured people who can function in all ways except they lack emotion. S states that these
people could not pass the Turing Test. She wonders what this says about consciousness and what it means to be

Fig. 3. Summary of discourse from node from the EGR 389 Knowledge Forum workspace for view #2.

tive means for bringing a more integrated approach
to learning into engineering education.

5. Assessing student perceptions in pilot
study

In order to assess reactions to the knowledge build-
ing approach, at the end of EGR 389 students were
asked to respond to the open-ended questions
presented in Fig. 4. These questions were designed
to gather information about the utility and effec-
tiveness of knowledge building and their impres-
sions about how it impacted their participation,
collective learning, development of new knowledge,

and preparation for working in the knowledge age.
The questions were administered anonymously and
completed by 19 of the 20 students enrolled in EGR
389.

5.1 Distinguishing features

Most students indicated that there were features of
knowledge building that distinguished it from other
teaching and learning activities they have encoun-
tered. Many (63%) focused on the communal aspect
of knowledge building. They defined knowledge
building as being collaborative, providing a forum
for participation of all class members, and support-
ing class members to learn collectively. They often
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were online or in class.

1. Describe the features of knowledge building that distinguish it from other approaches to
teaching and learning that you have encountered. Please indicate whether previous experiences

for not doing so.

2. Describe your participation in Knowledge Forum. How effective was Knowledge Forum in
helping you to express your ideas, learn from other students, and develop new knowledge? How
important to the Knowledge Building approach is the ongoing record of discourse and the “out of
class” access to participation in discourse? If you did not participate please describe your reasons

knowledge age?

3. How did the use of Knowledge Building in this class help to prepare you for working in the

understanding of artificial intelligence?

4. To what degree have students in this class improved their collective (rather than individual)

5. Consider the ideas concerning artificial intelligence that you brought to the class.
Describe whether or not your ideas changed over the course of the discussion on
Knowledge Forum. Would you still choose the same theory now?

Fig. 4. Open-ended knowledge building survey questions administered at end of EGR 389.

indicated that the type of collaboration in knowl-
edge building differed significantly from their other
engineering classes. For example, one student in-
dicated that “we were able to form and shape our
own ideas based on the thoughts of our
classmates. . . thisis different than other approaches
to teaching because the knowledge building method
allows students to study not only what they can
learn from an instructor or book, but what they can
learn from each other.” In another similar response,
one student indicated that knowledge building
“allowed the students to actually become the tea-
cher, which is different from most of the learning
experiences I have encountered.”

The second most commonly cited distinguishing
feature mentioned by 36% of respondents was the
range of ideas and theories that students were
exposed to. One student wrote that knowledge
building is “the process of collaborating to come
up with an agreed upon theory, taking all possible
theories into account.” You can “connect ideas,”
“build ideas,” “incorporate outside sources” and
“reflect on others’ posts.” One student wrote, “the
feature of grouping together many different theories
and seeing what other people have to say has been a
better approach to learning” than other methods
she had encountered.

5.2 Effectiveness

Student responses regarding effectiveness focused
predominantly on their experiences with the Knowl-
edge Forum software and were affected by their
frustration with the unstable server on which it ran.
While this factor may have had a negative impact on
the overall responses, most students were able to
articulate their reactions to knowledge building.
Many students were very positive (42%) indicating
that they liked having an opportunity to express and
see ideas from their classmates outside the class-

room, a record of discourse, and the ability to think
about issues and respond at their leisure. One
student indicated that it was a really good way to
communicate, that she “began to realize that one
mind is so limited . . . it doesn’t matter how smart an
individual is, there is always something more to
know . .. knowledge building really diversifies ideas,
like a melting pot.” Another two students (10%)
reported that knowledge building was a positive
experience and improved their ability to express
their thoughts. Other responses were varied. Three
students (16%) indicated that they found knowledge
building challenging because they lacked confidence
in expressing their thoughts. In a similar vein, two
students (10%) reported a similar initial discomfort
with sharing their opinions, but felt that they over-
came this with time and practice. Finally, three
students (16%) indicated that they prefer to talk in
person with peers, though one of the three acknowl-
edged that this might have been due to the Knowl-
edge Forum server being down regularly.

5.3 Preparation for working in the knowledge age

Only one student (5%) felt that knowledge building
did not contribute to preparing her for working in
the knowledge age; two students (10%) were not
sure. The remaining respondents (85%) indicated
that knowledge building did help prepare them for
working in the knowledge age. They cited that it
helped them express ideas and see other viewpoints;
broadened their perspective, knowledge, and
awareness of outside resources; improved their
ability to think creatively and critically; and im-
proved their ability to interact electronically. For
example, one student stated:

Knowledge Building contributes to an ability to think

independently and in depth about complex problems,

to communicate those independent thoughts with

others, and to collaborate and build upon your collea-
gues’ ideas. This is an important skill regardless of
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whether it is in the Knowledge Forum context; learning
to engage in productive discourse (especially via an
electronic medium) is essential to working effectively
with others.

5.4 Narrative and framing concepts

All but one student (95%) indicated that the narra-
tive of Alan Turing’s life positively impacted their
interest in the subject matter. These students re-
ported that learning Turing’s story increased their
interest, made it more fun to work on knowledge
building and influenced their thinking about artifi-
cial intelligence. One student wrote that because of
the Turing narrative she began to talk with her
friends for the first time outside class about what
she was learning and that her friends were amazed.
Overall, the analysis of student responses clearly
indicated that utilizing narrative enhanced engage-
ment and interest in this course.
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6. Assessing student participation in pilot
study

While we observed that all students participated in
the classroom knowledge building activities, we
found that the level of student participation re-
corded in Knowledge Forum workspace was more
varied. Fig. 5 illustrates several measures of student
participation in the electronic discourse. Figure 5a
shows the number of notes read by each participant.
The median was 24.5 for all students in the class.
Most students read between 10 and 40 notes, but
25% read fewer than 10 notes and 15% read between
60 and 120 notes. Figures 5b—5d show the level of
student contribution to the discourse. Most stu-
dents (80%) contributed at least one note and built
on another student’s note. The median number of
notes contributed was 7.5 with one student contri-
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Fig. 5. Student participation recorded in EGR 389 Knowledge Forum workspace showing number of (a) notes read, (b) notes contributed,
(c) build-ons contributed and (d) annotations contributed by each student in the class.
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buting a maximum of 47 notes. The median number
of build-on notes was 1.5 with a maximum of 13.
Eight students (40%) also chose to annotate their
classmate’s notes with a median of 4 annotations.

Reading student notes is the most basic level of
participation in the electronic discourse. It was
surprising that 25% of the students in the class read
only a few notes. These students also posted few
notes and annotations. Because of the public nature
of the discourse and the diagnostic tools available in
Knowledge Forum, these students were identified
early in the discourse to encourage their participa-
tion. In the instructor intervention they noted sev-
eral reasons for their low level of participation
including: they were frustrated that Knowledge
Forum was often inaccessible due to technical pro-
blems; they were too intimidated to take the chance
of posting their thoughts in a public forum; and they
chose not to participate to allow more time to
improve low grades in other classes. By comparison,
several students became deeply engaged and in-
vested a large amount of time in the discourse. These
students chose to read a variety of books that deeply
explored the topic by authors including Daniel
Dennett, Roger Penrose, Colin McGinn, John
Searle and others. It is also interesting to note the
role of Student H who became a leader in the
discourse. She was not only the most active con-
tributor on Knowledge Forum (see Fig. 5), but she
also played an important role in monitoring the
progress of the discourse and ensuring its success.
However, she never spoke in class other than during
knowledge building. In a self-evaluation required
for the class, she wrote that “I almost never spoke in
class, and was probably not as involved in in-class
activities as I could have been; I really could have
taken more chances. Most of my participation in this
class was through Knowledge Forum.”

Not surprisingly there is some evidence to sup-
port the idea that students who are more successful
in class—as assessed by traditional measures—are
also more active in the electronic discourse. In a
two-way t-test students with combined midterm and
final exam scores in the upper half of the class read a
mean of 42.6 notes. By comparison, students in the
lower half only read a mean of 15.3 notes. The
difference in means is statistically significant (p-
value=0.038). However, a comparison of the differ-
ence in mean number of notes contributed by the
upper student group (11.9) did not show a signifi-
cant difference (p-value=0.14) from the mean of the
lower student group (4.8).

7. Discussion

Knowledge building is a strategy for improving
engineering education that both supports deep

learning and helps students develop the skills
needed to be successful participants in an economy
where knowledge and innovation are pervasive. The
pilot study is the first step in our plans to integrate
knowledge building more broadly in the Picker
Engineering Program and systematically investigate
its effectiveness and best practices for its use. It
raised a variety of questions that remain to be
answered, such as:

e EGR 389 isan upper-level technical elective class.
Is knowledge building more effective in certain
types of engineering classes?

e Students surveyed in EGR 389 focused on knowl-
edge building as a means to improve their profes-
sional skills. Is knowledge building more effective
at addressing some student learning outcomes
than others?

e In EGR 389 the participation in the electronic
discourse varied greatly across the students in the
class. Does knowledge building work better for
some students than others? How can broader
participation be achieved?

e Students in EGR 389 participated in an intensive
learning experience intended to improve their
ability to work effectively with knowledge. As
students acquire more experience in knowledge
building, how does the role of the instructor
change?

While the pilot study raised many questions, we
have identified three key questions that will be the
initial focus of our future study.

(1) Students in the pilot study engaged in knowl-
edge building in an effort to better understand
the nature of consciousness and the limitations
of intelligent machines. This problem of under-
standing created student engagement and re-
sulted in a productive discourse in which ideas
and theories were shared, examined and im-
proved. What types of problems most effec-
tively serve as an invitation to and context for
knowledge building?

(2) The best actions for scaffolding and facilitating
knowledge building were often not clear to the
pilot study instructor. What are the best ap-
proaches for teachers to establish, adjust and
support the participant structures and other
determining qualities in knowledge building
environments?

(3) Evaluating some aspects of student learning
was found to be challenging in the pilot study.
What are the best approaches for assessing
whether students can use knowledge innova-
tively?

Ultimately the answers to all of these questions must
be based upon assessing student learning that re-



956

G. Ellis et al.

sults from participation in knowledge building. We
propose that aspects of this learning can be broadly
grouped into three categories. First, students need
to be able to use knowledge innovatively (that is, to
see and conceptualize engineering problems and
contexts in new ways). We believe that assessing
“preparation for future learning” (PFL) (see
Schwartz, et al. [22]) is a promising approach for
measuring this aspect of learning. (For example, a
PFL assessment may focus on what students notice
and identify as important features about a real
problem in context or what they would do to learn
to solve the problem.) Second, students should
develop and improve the competencies needed to
participate in a knowledge producing organization.
They should be able to ask questions that generate
discourse, disagree constructively, focus on idea
improvement, set learning goals for themselves
and attend to their progress toward those goals.
This aspect of learning may be measured by analyz-
ing the Knowledge Forum discourse and through
problems designed to measure the ability of students
to organize themselves and proceed collaboratively
toward a solution. Finally, the ability of students to
learn the content and technical components of
engineering courses is as critical as their ability to
use knowledge innovatively and participate in
knowledge building communities. Students clearly
need to simultaneously develop an efficient com-
mand of the information, procedures, algorithms,
formulae, and methodology that represent the ““tra-
ditional”” outcomes of engineering education, typi-
cally measured through exams, projects, reports and
other means.

8. Conclusions

We have completed a pilot study investigating the
application of knowledge building in an engineering
course at Smith College. An analysis of the dis-
course recorded on Knowledge Forum shows that
knowledge building clearly took place as indicated
by the following evidence:

(1) students worked with ideas as conceptual arti-
facts;

(2) the community met each of Scardamalia’s de-
terminants of knowledge building;

(3) the community greatly improved their initial
theories about the potential for developing a
conscious machine.

The use of narrative was found to be an effective tool
in creating the level of engagement necessary for
knowledge building to take place. Student surveys
indicated that the majority of students found
knowledge building to be an effective approach to
learning and prepared them to work in the knowl-

edge economy. While most students participated
fully in all phases of the discourse, about one
quarter of the class did not participate actively in
the electronic discourse. Reasons cited for low
participation included a preference for communi-
cating in person; being intimidated by the process;
technical problems with accessing the software and
choosing to invest more time in other classes to
improve a low grade.

References

1. C. Bereiter, Liberal Education in a Knowledge Society, in B.
Smith (ed.), Liberal Education in a Knowledge Society, Carus
Publishing Company, 2002.

2. National Science Board (NSB), Moving Forward to Improve
Engineering Education, National Science Foundation, Ar-
lington, VA, 2007.

3. R.K.Sawyer (ed.), The Cambridge Handbook of the Learning
Sciences, Cambridge University, New York, NY, 2006.

4. M. Scardamalia and C. Bereiter, Knowledge building, in
Encyclopedia of Education, 2nd ed., Macmillan, New York,
NY, 2003.

5. J. D. Bransford, A. L. Brown and R. R. Cocking (eds), How
People Learn: Brain, Mind, Experience, and School, National
Academy Press, Washington, DC, 2000.

6. J. Holbrook and J. L. Kolodner, Scaffolding the develop-
ment of an inquiry based (science) classroom, Fourth Inter-
national Conference of the Learning Sciences, Mahwah, NIJ,
2000.

7. R.W. Marx, P. C. Blumenfeld, J. S. Krajcik and E. Soloway,
Enacting project-based science, Elementary School Journal,
97, 1997, pp. 341-358.

8. E. Hunt and J. Minstrell, A cognitive approach to the
teaching of physics, in K. McGilley (Ed.), Classroom Les-
sons: Integrating Cognitive Theory and Classroom Practice,
MIT Press, Cambridge, MA, 1994.

9. C. Bereiter, Education and Mind in the Knowledge Age,
Lawrence Erlbaum, Hillsdale, NJ, 2002.

10. I. Nonaka and H. Takeuchi, The Knowledge-Creating Com-
pany.: How Japanese Companies Create the Dynamics of
Innovation, Oxford University Press, New York, 1995.

11. Y. Engestrom, Expansive learning at work: toward activity-
theoretical reconceptualization, Journal of Education and
Work, 14(1), 2001, pp. 133-156.

12. National Academy of Engineering, The Engineer of 2020:
Visions of Engineering in the New Century, National Acade-
mies Press, Washington, DC, 2004.

13. National Academy of Engineering, Grand Challenges for
Engineering, 2008, http://www.engineeringchallenges.org/
cms/8996/9221.aspx (accessed 28 June 2010).

14. T. Brown, Change by Design: How Design Thinking Trans-
forms Organizations and Inspires Innovation, Harper Collins,
New York, NY, 2009.

15. M. Scardamalia, Collective cognitive responsibility for the
advancement of knowledge, in B. Smith (ed.), Liberal Educa-
tion in a Knowledge Society, Open Court, Chicago, 1L, 2002.

16. C. Bereiter and M. Scardamalia, Learning to work creatively
with knowledge, in E. De Corte, L. Verschaffel, N. Entwistle
and J. van Merriénboer (eds), Powerful Learning Environ-
ments: Unraveling Basic Components and Dimensions,
EARLI Advances in Learning and Instruction Series, Per-
gammon Press, Amsterdam, Boston, 2003.

17. C. Bereiter and M. Scardamalia, Education for the knowl-
edge age: design centered models of teaching and instruction,
in P. A. Alexander and P. H. Winne (eds), Handbook of
Educational Psychology, 2nd ed., Lawrence Erlbaum Associ-
ates, Mahwah, NJ, 2006.

18. M. Scardamalia and C. Bereiter, Knowledge building: the-
ory, pedagogy, and technology, in R. K. Sawyer (ed.), The
Cambridge Handbook of the Learning Sciences, Cambridge
University Press, New York, NY, 2006.



Applying Knowledge Building in Engineering Class 957

19. T. Koschmann, P. Glenn and M. Conlee, Theory presenta- 30. U. Treisman, Studying students studying calculus: a look at
tion and assessment in a problem-based learning group, the lives of minority mathematics students in college, College
Discourse Processes, 27, 1999, pp. 103-117. Mathematics Journal, 23, 1992, pp. 362-372.

20. C. E. Hmelo-Silver and H. S. Barrows, Facilitating colla- 31. R. E. Fullilove and P.U. Treisman, Mathematics achieve-
borative knowledge building, Cognition and Instruction, ment among African American undergraduates at the
26(1), 2008, pp. 48-94. University of California, Berkeley: an evaluation of the

21. S. Paavola, L. Lipponen and K. Kakkarainen, Models of Mathematics Workshop Program Preview, Journal of Negro
innovative knowledge communities and three metaphors of Education, 59, 1990, pp. 463-478.
learning, Review of Educational Research, 74(4), 2004, 32. J. M. Prince and R. M. Felder, Inductive teaching and
pp. 557-576. learning methods: definitions, comparisons and research

22. D. L. Schwartz, J. D. Bransford and D. Sears, Efficiency and bases, Journal of Engineering Education, 95(2), 2006,
innovation in transfer, in J. Mestre (ed.), Transfer of Learn- pp- 123-138.
ing: Research and Perspectives, Information Age Publishing, 33. C. Bereiter and M. Scardamalia, Commentary on Part I:
Charlotte, NC, 2005. process and product in problem-based learning (PBL)

23. K. Egan, An Imaginative Approach to Teaching, Jossey Bass, research, in D. H. Evenson and C.E. Hmelo (eds), Pro-
San Francisco, CA, 2004. blem-Based Learning: A Research Perspective on Learning

24. G.W.Ellis, A. Rudnitsky and M. Moriarty, Theoretic stories: Interactions, Lawrence-Erlbaum Associates, Inc., Mahway,
creating deeper learning in introductory engineering courses, N1J, 2000.

International Journal of Engineering Education, in press. 34. Picker Engineering Program, Vision and Mission http://

25. W. Doyle, Academic work, Review of Educational Research, www.science.smith.edu/departments/Engin/history_mission.
53(2), 1983, pp. 159-199. php (accessed 28 June 2010.

26. J. D. Nielsen, X. Y. Du and A. Kolmos, A knowledge 35. A. Turing, Computing machinery and intelligence, Mind,
building approach for learning engineering—a case study 59(236), 1950, pp. 433-460.
of GENSO (student satellite) project, European Society for 36. E. Y. C. Lee, C. K. K. Chan and J. van Aalst, Students
Engineering Education Annual Conference, Aalborg, Den- assessing their own collaborative knowledge building, Com-
mark, 2008. puter-Supported Collaborative Learning, 1(1), 2006, pp. 57—

27. J. Moore, Undergraduate mathematics achievement in the 87.
emerging ethnic engineers programme, International Journal 37. G. Jefferson, The mind of mechanical man, British Medical
of Mathematics Education in Science and Technology, 36, Journal, 1 (4616), 1949, pp. 1105-1110.

2005, pp. 529-537. 38. K. R. Popper and J. C. Eccles, The Self And Its Brain,

28. R. B. Landis, Retention by Design: Achieving Excellence in Springer, Berlin, 1984.

Minority Engineering Education, National Action Council 39. S. A. Jackson, Engineering and the Liberal Arts, 2001, http://
for Minorities in Engineering, New York, NY, 1991. www.rpi.edu/president/speeches/ps033101-smithcoll.html

29. P. C. Lam, D. Doverspike and P. R. Mawasha, Increasing (accessed 28 June 2010).
diversity in engineering academics (IDEAs): development of 40. C.P. Snow, The Two Cultures, Cambridge University Press,
a program for improving African-American representation, Cambridge, United Kingdom, 1998.

Journal of Career Development, 24, 1997, pp. 55-70.

Glenn Ellis is a Professor of Engineering at Smith College. He received his Ph.D. in Civil Engineering and Operations
Research from Princeton University. The winner of numerous teaching awards, he received the 2007 U.S. Professor of the
Year Award for Baccalaureate Colleges from the Carnegie Foundation for the Advancement of Teaching and the Council
for Advancement and Support of Education. His research focuses on applying narrative and knowledge building to
encourage deep, intentional learning in both K-12 and undergraduate engineering education.

Alan Rudnitsky is a Professor of Education and Child Study at Smith College. He received his doctorate in education from
Cornell University. His current research focuses on the creation of learning environments that support the development of
understanding and deep learning, in particular ways that engage students’ imaginations and that support knowledge work
in classrooms. He is co-author of Course Design: A Guide to Curriculum Development for Teachers. Now in its 7th edition,
Course Design offers educators a model for curriculum development based on principles of how people learn.

Mary Moriarty is an Assessment Researcher with the Picker Engineering Program at Smith College and serves as a private
evaluation consultant. She has over 15 years of research, evaluation, and project management experience. Her evaluation
work has spanned the areas of science and engineering instruction, robotics, technology application, and disability in
higher education. She has a doctorate in Educational Policy, Research, and Administration from the University of
Massachusetts, Amherst.

Borjana Mikic is the Director of the Picker Engineering Program and the founding Director of the Sherrerd Center for
Teaching and Learning at Smith College. She received her Ph.D. in Mechanical Engineering from Stanford University. She
is the 2007 recipient of the Smith College Sherrerd Award for Excellence in Teaching. Her research expertise is orthopaedic
bioengineering—specifically as it applies to tendon structure/function relationships. She also publishes on topics in
engineering education and faculty mentoring.



