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This paper presents a tool for assessment of engineering skills and knowledge, based on a model of
taxonomic classification. The tool methodology is built on previously published research and usage
in the area of human performance measurement. The paper presents the development of the
classification and its application in a comprehensive problem-based learning program in the School
of Engineering at Stanford University. Examples are given to illustrate how the tool can be used to
communicate the skills, create a common language and foster the creation of trust in teams within
the PBL environment. The paper goes on to describe additional usage by faculty, students and
industry practitioners in education and career planning.

THE VALUE OF TAXONOMIC
SCIENCE TO PBL

PROBLEM-BASED LEARNING has moved to
the forefront of engineering education, in practice if
not in name. The present-day offering of problem-
based courses exist under many names: capstone
courses for undergraduate seniors; project courses
that span multiple quarters or semesters; courses
built around industry-sponsored research or
design; and the most recent trend for creating
entrepreneurship programs focused on the student
creation of `fundable' companies. A large number
of today's engineering students, both graduate and
undergraduate, will participate in at least one PBL
course.

The growth in PBL programs has brought
together an academically diverse group of profes-
sors, researchers and administrators, each with
their own methods, knowledge and learning
goals. Therefore, a critical issue in the creation
and development of a PBL course becomes the
definition of required base knowledge and learn-
ing. Put simply, current PBL courses must define
the skills a student needs before starting the class,
the skills that will be developed during the class,
and the learning goals (new skills) that they
expect to be graded upon. This paper addresses
the problem of an uncodified skill knowledge
base through the development of a taxonomic
classification.

In any field of new or advancing learning, it is
often difficult to find the common ground on
which to construct a useful dialogue. In such
situations, a classification can help in framing a
problem area and providing the common ground
on which to discuss implications. Classification is
based on the ability to generalize across events, an

important goal of science, and for establishing and
enhancing communication among participants:
learners, educators and others [1].

This paper presents the development of an
engineering skills classification in multidisciplinary
settings. This classification was developed for
use in team-based, industry-sponsored PBL
classes at the authors' university [2]. Since its
creation, the classification has been applied and
refined to additional engineering courses, team-
based research and industry partnerships. This
paper presents a version of the classification that
was used recently in a graduate engineering course
on innovation and emerging technologies.

It should be noted that the classification devel-
oped in this article is only one of many possible
classifications utilizing a standard taxonomic
methodology. It is a tool that creates new dialogue
and does not aim to be exclusive, penultimate or
authoritative.

PBL AS SKILLS IN CONTEXT

The creation of most PBL classes is built around
the delivery of a real-world learning experience to
the students. The performance requirements of the
tasks in the class are meant to replicate those of the
real world. Therefore, a primary goal for educators
is to create a situation where the skills (know-how)
and knowledge (know-what) that is experienced in
the class is analogous to that learned in the real
world. The advantage of a classroom environment
is that learners can be provided with additional
support, time for reflection, lessons, or feedback
that may not be possible in the real world. This
time for planned reflection of the experience is one
of the key elements responsible for the success of
PBL.

As mentioned above, the experience can be* Accepted 22 August 2003.
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viewed from the perspective of contextual skills
and content knowledge. Content knowledge, or
know-what, is integrated into the learning experi-
ence through lectures, books, manuals, or other
hard materials. The complement to this explicit
knowledge is know-how, or implicit knowledge.
This implicit knowledge is captured in skills that
students are expected to already `know' or to learn
in the class.

Therefore, a real-world problem and a PBL
problem can each be described by a content topic
and the contextual skills are learned and applied. A
result of this comparison is that the measurement
of skills performance in the PBL setting should be
equivalent to skills performance in the real-world
problem. To address this comparison, the authors
looked to existing research in human performance
evaluation in operations research. Extensive work
has been developed around context and skills using
taxonomic classifications. Across this work, the
objective is to capture the full extent of human
skills, in context, that are required to measure
performance gains or to provide comparison.

TAXONOMIC METHODS AND PBL

The application of taxonomic classifications is
not new to learning research. Bloom's taxonomy is
a classic in the education space and has ongoing
value for some aspects of PBL [3]. But taxonomic
classification that focuses on the learning of skills
within a specific context has not been applied to
problems in PBL. The authors found no taxo-
nomic classifications in usage or in development
by the PBL community. With the increasing
adoption of PBL programs, the authors set out
to develop a taxonomy, classification and tool to
advance communications among educators. A
secondary set of goals was the creation of a
classification and tool that could be used by
teams, students and industry practitioners working
in the PBL space. The tool was therefore built to
support learning paths, the creation of common
language and trust in teams, and the development
and sharing of career paths.

The taxonomic method presented in this paper
was chosen based on its previous application to the
classification of multiple aspects of human abil-
ities. The basis for this research is the F-JAS
system, available from the Management Research
Institute, which was developed as a comprehensive
system for human physical task analysis in the
1950s [4]. This work was extended by one of the
authors in the mid-1990s for comparison of task
performance in real and virtual environments,
focusing on military simulation systems [5]. This
previous work focused on the transfer of the
method to a new area of application. It re-applied
the methodology at a fundamental level in order to
remove assumptions in the original taxonomic
classification that, while not incorrect, were no
longer valid in the new area. This previous research

helped to speed the development of the skills
taxonomy and classification system in the PBL
area.

ENGINEERING LEARNING SKILLS AND
CONTEXTS

The research program that supported the
developed of the taxonomic classification tool
was performed in an ongoing graduate PBL class
at the authors' university. This three-quarter,
industry-sponsored class is designed around a
team-based learning experience for mechanical
engineering graduate students intent on learning
more about product development, team inter-
action and prototype creation. All of the teams
work on projects that are proposed and funded by
a collection of international companies. The
authors' strong connection to the course is based
on the participation by all three in various roles:
two of the authors participated as learners and
secondary educators while the third is actually the
creator of the course and has been the course's
primary educator.

The original goal of the research in the course
was to develop a set of tools to better measure and
correlate the learning and experience of the teams
with their real-world contemporaries. While
acknowledging that a PBL class is not intended
to mirror the experience of a real-world project,
the authors wanted to better communicate the
similarities and values of the course to other
engineering educators, PBL designers and industry
affiliates. The research began by documenting and
noting design team interactions in the capture and
transfer of process knowledge, optimization of
learning, creation of artifacts, and management
of risk.

One of the recurring observations was the
importance of communication between team
members, between team members and industry,
and with members of the extended teaching team.
One of the first areas where communication was
breaking down was in the discussion of an indivi-
dual's background as it related to skills and know-
ledge: personal history, coursework, real-world
experience, or other relevant experiences. This
breakdown limited the creation of trust early in
the formation of each team. It limited the teams'
ability to communicate their collective skills and
knowledge to the industry sponsors, and it limited
their ability to communicate to the faculty, outside
coaches and student mentors.

In order to address this issue, a simple list of
skills and knowledge that each student probably
brought to the class was defined. A second list of
skills and knowledge relevant to success in the
classÐfrom a team, project and prototype
perspectiveÐwas defined. A comparison of these
two lists was to be expected. In our observation of
this PBL experience, two areas of knowledge work
in concert to enable the educational experience of
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the learner. The first knowledge area is classically
thought of as the skill being taught or learned.
These tasks are often discussed as `learning goals'
for a class: brainstorming, analysis, design, entre-
preneurship, writing, etc. The second knowledge
area that is critical to understanding the learner's
experience is the context, such as the problem type
or problem area. Common context areas from
an academic viewpoint are mechanics, thermo-
dynamics, and design engineering. Taking a more
problem-focused view, context can also be defined
as consumer product development, engine design
or computer systems architecture.

The combined lists that had been created
presented a course based on a mixture of skills
and contexts. A sample of the contexts that were
offered to the students, based on the specific needs
of the industry sponsors during one year of the
course, ranged from medical devices to automotive
manufacturing to airline furniture. Each of these
areas provides and requires a different context for
the students. The context of the problems under-
taken defined: the languages that the students
needed to learn and use; the knowledge that
needed to be acquired and integrated to complete
the project; the sources and types of knowledge;
the time-frame that the businesses and students
must operate within based on the market the
product exists in; and the way in which the final
knowledge must be delivered to the client or
customer.

When reviewing the list of skills with the revised
context list for the course, a number of skills were

added that extended beyond those of `traditional'
engineering, such as storytelling, visual commun-
ication and leadership. We then defined each of the
skills using a simple definition and examples.
Drawing from the taxonomic methodology
mentioned previously, each skill was further devel-
oped within a seven-point anchored scale, with
anchors or examples of the skill at the limits of
the scale. The skills were tested through multiple
iterations with faculty and other researchers,
although no formal measurement of separation
or completeness was done.

The refined skills list was then used to define
multiple matrices to test possible usage models. In
each matrix, a set of skills was defined across the
top, with the left column comprising the content
area or contexts within which the skills were
considered. Figs 1 and 2 both show a skills
matrix that was developed for team creation in a
separate PBL course. Along the top are the skills
that the students had probably learned, while the
left-hand column shows the degree or engineering
disciplines at the university. Referring again to the
description of the skills, the matrices were
presented along with the definitions for each
skill. One example of the definition for `writing'
could be:

Writing is the ability to capture explicit know-
ledge, information and data in a written form,
using the language of the community for which
the knowledge is intended.

The definition initially allowed for analysis of
the skills using an absence/presence evaluation and

Fig. 1. An example of the presentation of absence/presence scoring.
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reporting scheme. In this absence/presence evalua-
tion, students went through each cell of the matrix
to decide whether they possessed the skill within
the appropriate context. If they felt that they
possessed the skill, then they simply entered a
check in the box. An example of the presentation
of absence/presence scoring by a student in this
class is presented in Fig. 1.

The students were then asked to revisit the
matrix and to provide a score for each of the
skills/contexts that they had marked as being
part of their experience. A scored matrix for the
same student can be seen in Fig. 2. The scoring
used the seven-point anchored scales discussed
previously.

The class was reconvened after each student had
completed the scored matrix. The discussions
began with one of the students discussing the
groupings of contextual skills that they scored
highly in, moving to a class-provoked presentation
of examples by that student. The remainder of the
class followed this pattern, with more cross-
comparison between student examples occurring
as the class progressed. At the end of the class, the
authors had a better sense of the skills that each
student perceived that he brought to the class,
additional skills that the team had pointed out in
each other, what the team thought it could accom-
plish and where it might need help, and a common
language for discussing the learning goals that
each student had for the class. The exercise was
also performed by the class leaders and shared with
the team, providing additional areas for trust
creation in the class setting.

The matrices used in this class are being
revised and are scheduled for inclusion in
team-building activities in an upcoming engineer-
ing class on creativity and innovation. The plan
is to introduce a refined version of the matrix
tool, using a longer list of contexts and skills, in
the next offering of the industry-sponsored PBL
course.

Further uses of the matrix tool are planned
for testing during the PBL course, such as the
comparison of:

. skills learned versus skills required for industry
projects and jobs;

. skills learned over time, such as through a
student's educational experience (this will be
explored initially as a before and after in the
course); and

. the creation of teams around the skills required
for the problem context (better team creation
may be possible by comparing a context skill
matrix with a proposed team's aggregated
matrix).

CONCLUSIONS

The initial focus of this research was to under-
stand interaction and communication issues that
existed in an existing engineering PBL program.
This paper presents an assessment tool that
has been developed to enable and enhance com-
munication among learners, educators, research-
ers, or other practitioners. The tool has been

Fig. 2. A scored matrix for absence/presence scoring.
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used to enhance student trust-building and initial
communication, with plans to address a question
facing PBL educators and researchers today: `what
skills are being learned and in what areas?' From

initial usage, a user of a skills matrix can make
reasonably accurate predictions about what skills a
learner has developed in context and where this
can be applied to real-world problems.
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