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Abstract - Six years of interaction with NSF's VaNTH ERC
for Biomedical Engineering Educational Technologies has
had a significant impact on how the Engineering facultyat
UTPA, especially the Mechanical Engineering faculty, is
addressing the common goal of producing proficient and
adaptive engineers. Many of the principles and practices of
VaNTH, including adherence to the How People Learn
(HPL) framework for the design of effective learning
environments, have informed not only curricular materials
design but also an ongoing department level effort to
reform the Mechanical Engineering undergraduate
program of study. Beyond these more general adoptions
and inspirations, our interaction with VaNTH has resuted
in: 1) the development of seven HPL inspired
undergraduate level learning modules designed according
to the Legacy cycle implementation of challenge based
learning (CBL), 2) involvement of high school studentsas
well as, undergraduate and graduate students in the
development of learning modules, 3) development and
implementation of a web delivered module containing
adaptive learning activities, 4) delivery of a Biomechans
technical elective that would not otherwise have been
offered, and 5) greater awareness of current practices in

integrative educational experiences and motivating activities
[1] to support program objectives related to student tieten
coverage depth, and development of student adaptive

expertise. Interaction with VaNTH, a bioengineering
educational research coalition formed by Vanderbilt,
Northwestern, The University of Texas-Austin, and

Harvard/MIT, and supported by the Engineering Research
Center (ERC) program of the National Science Foundation
(NSF) http://www.vanth.org has significantly impacted the
UTPA engineering programs’ abilities to address these
objectives by introducing us to the How People Learn (HPL)
[2] framework for the design of effective learning
environments and to a network of Learning Scientists and
their current practices. In the following we briefly discuss
VaNTH’'s impacts on the faculty, students, and school,
followed by a description of the specific activities undeztak
as a result of our interaction with VaNTH.

IMPACT ON FACULTY
The faculty started their interaction with VaNTH just oser
years ago. At that time they had some interest in the
application of their areas of expertise to the biomechanics
domain, but no specific expertise in biomechanics. They were
approached, as faculty at UTPA, to work on curricular module

learning science and assessment. Each of these activitiesdevelopment in the area of biomechanics and to receive

along with their broader impacts is described.

Index Terms — Bioengineering education, educationalthe project.
collaboration, educational practices, integration
domains.

INTRODUCTION

acrosbiomechanics domain experts

summer support to do so. In reality, it was the prospéct o
summer support that provided their initial motivationjdm
However, the interaction with VaNTH
immediately peaked their
interest in applying their related expertise to current proble

in the area, and to the development of curricular modules

The University of Texas-Pan American (UTPA) is theconcerning biomechanical engineering. Then, the interaction
principal, post-secondary educational institution in the Riavith VaNTH Learning Science faculty not only better
Grande Valley. UTPA has a total enrollment of 17,000informed them of current practices but provided them \with
students (87% Hispanic), many of which are the firgh@gir  sounding board(s) for their ideas in how to designicuiar
families to attend college. The engineering program started innovations and to assess their effectiveness. They then
1993 and now has the sixth largest enroliment of Hispanimtroduced a new course in Biomechanics at UTPA comprised
engineering students in the nation, with 3 departmentsolely of their and other VaNTH curricular modules. He t
(Mechanical, Electrical, and Manufacturing) and a total of 82%ourse of teaching the modules developed by other VaNTH
undergraduate students (and 71 master’s students) deyved faculty they gained more expertise and interest in the area and
30 faculty. A significant proportion of the studentsivar at  have actively pursued creation of additional learning materials
the University inadequately prepared to do college-levekwor to enhance the effectiveness of these modules for their
and it is a struggle to help them maintain their intemestnd  students.

commitment to science and engineering, while developing IMPACT ON STUDENTS

their science, mathematics, and engineering skills. To tkis erDver the past six years, as noted in the module descriptions
the faculty are currently working on the development ofcome, four high school, nine undergraduate, and five gtadu
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students have assisted the various faculty in the develtpm integration of research and education. It provides a structure
of the curricular modules. In particular, two undergrag€luat for defining important information necessary for the other
students reproduced the Knee module in Spanish and tvaesign team members and other faculty and consultants to
groups of second-year Upward Bound Math and Sciencprovide input about the design. For instance, objectives are
Program high school students assisted in the developmant otlefined in explicit measurable terms for what a studentosill
VRML simulation of a simple leg model to be used in aable to do during and at the end of each sequence. Both
kinematics measurement module. Currently, there is onknowledge and ABET core competencies are considered. In
graduate student and two undergraduate students involved aaddition, this same information is important to futusens of

we plan to enlist additional groups of Upward Bound Maththese materials and future designers of similar materials.

and Science Program high school students to select modules

for their research projects in summer 2006. In additiory o\ Project Profile

150 students have participated in courses using the HPL Project Name

curricular modules. Project Director: Director Name and e-mail

IMPACT ON THE SCHOOL OF ENGINEERING AND COMPUTER Project Participants: Participant Names
SCIENCE Contents

The following illustrates some of the more general impacts|of Audience

VaNTH principles and practices on the School of Engineering Learning objectives

and Computer Science and, in particular, on the Department of Sequence of learning activities

Mechanical Engineering. Innovations

Mechanical Engineering Department Level Reform [3] Placement in the taxonomy

The emphasis of the recently initiated Mechanical Engineering Assessment

department-wide curriculum reform program is the Dissemination timetable

development of a four-dimensional (HPL), learner centered, References

knowledge centered, assessment centered, and commurigvised:April 1,2005

centered learning environment for the Department, as well [a, you are interested in adopting this material, please

for individual courses in the curriculum. This is a direxstult | contact the project director.

of our partnership with VaNTH. Beyond that, many o€ th  FIGURE 1. ROJECTPROFILE TEMPLATE (ORIGINAL TEMPLATE BY THE

ideas for planning, developing, assessing, and dissengnatin VANTH ERC)

the resulting curricular innovations are adapted from VaNTH , )

guidelines. This intimate inclusion of VaNTH ideas and Curriculum Design Teams

processes in departmental reform has and will have a Another critical component for the development of

significant and positive impact on all our faculty ancistts effective curricula is the establishment of a design team for
in terms of improved teaching and learning. Indeed oufach educational innovation comprised of a Learning Scientist
interaction with the lead institution, Vanderbilt, has hestin ~ (LS), Assessment and Evaluation expert (AE), Learning
our inclusion in a CCLI dissemination proposal (pegylito ~ 1€chnology expert (LT), and Domain expert. This is being

develop HPL inspired, challenge-based, curriculum module@dopted based on the success of this practice experienced
for the solid mechanics stem of Mechanical Engineering. within VaNTH and has resulted in our enlistment of UTPA

Curriculum Development Projects faculty in the Department of Curriculum and Instruction and
VaNTH has established a systematic approach to thie Director of the Center for Distance Learning and Teaching
development and assessment of curricular innovations. Thfgxcellence onto our innovation development teams.

approach can be viewed as having three major components; a Curriculum Effectiveness _
project development manual, an innovation design team, and The involvement in VaNTH has enabled a more rapid

an assessment strategy. The adopted aspects of th&gorporation of current learning science practices into our
components are described below. curricular design efforts. Beyond being informed of theL.HP

VaNTH Project Manual [4] effective learning environment  structure and its

Two templates, Project Profile and Modular Design,MPlementation via the Legacy cycle (see below), our
adapted from original templates developed by the vaNTHnvolvement has given us direct personal interaction with
ERC, are being used to help develop and disseminaf!Merous experts in LS & AE, allowing us to pick up the
educational innovations and/or student learning experiencelnone and discuss ideas with these individuals and have
The Project Profile (Figure 1) provides an outline ofimmediate access to their expertise. This not only saves time
information needed to give sufficient snapshot of theegtoj PUt helps clarify the goals of the planned innovation, Wit
to other faculty who may be interested in adopting thgepro €XPert effectively serving as a consultant to the design team.
or even participating in its development. The Design templat\nOther important result of our interaction has been the
(Figure 2) provides a workspace to articulate the response fy/areness of the importance of integrating the design of
the many driving questions for sequencing interrelate@Ssessment with the design of the curriculdrhis really

projects, laboratories, and competitions; computer-basef&rcefs' one to _design the curriculum to addre;s the desired
instruction: advance material and elective work: andearning objectives, as well as to clearly establish what those

objectives areAlso, one of the practices VaNTH employs to
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Modular Design Template
Mechanical Engineering Program of Study-UTPA

A. Sequence Description

Al. General Information
All. Project Title
Al12. Keywords to describe sequence
content/skills
A13. Project leader and member of design
team (LS, AE, LT)
Al4. Course numbers, names, and fractio
of the overall sequence covered

A2. Sequence Background
A21. Brief course descriptions (catalog
style)
A22. Target student population
A23. Attach course syllabi
A24. |dentify major course objectives
A25. Identify sub-objectives necessary for
achieving the major course objectives

A3. Describing Instructional Innovation/Experience

A3L1. Identifying Objectives of Educational
Innovation/Student Learning Experience
A32. Identify scientific/technical content
targeted by the learning activities (what
areas of the sequence taxonomy are
addressed)

A33. Identify potential integration with
other courses and domains

B. Identifying Student Needs
B1. Identify learning obstacles students often have
related to technical area of sequence addressed
innovation/experience
B2. Theory for pedagogical/cultural issues and
possible solutions for difficulties
B3. Identify evidence to determine success

C. Designing Instruction
CL1. Describe potential innovation/experience
statements that target the combination of concept
C2. Research and revise type of activities that
support students’ learning of specific concepts
related to the innovation/experience
C3. Test and refine activities that encourage stude
to display what they have learned and methods u
to help them evaluate and refine their current abili

D. Identifying Implementation Issues
D1. Special equipment or infrastructural resources
are necessary in order to achieve the learning
outcomes

E. Evaluation and Assessing Plan for the Project
El. Assessing Student Learning

>

Yy

nts
sed
ies

FIGURE 2. ADAPTED MODULAR DESIGN TEMPLATE (ORIGINAL TEMPLATE
BY THE VANTH ERC)
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assess the effectiveness of the classroom implementation of
curricular practice is the VaNTH Observation System [5].
This involves an external observer coding the effect orestud
behavior of classroom activity. We intend to enlist VOS
trained personnel to observe various courses and provide
feedback not only to the course instructors but also ¢o th
faculty as a whole in an effort to inform the faculty on
effective in-class activities.
SPECIFIC ACTIVITIES

Locally Developed Biomechanics Learning Modules
Six faculty have been involved in HPL inspired,
challenge/problem based learning module development, four
in Mechanical Engineering and one each in Electrical and
Manufacturing Engineering. These modules are structured
according to the Legacy learning cycle [6] which is based on a
sequence of contextually related challenges of increasing
difficulty. This structure is common to many VaNTH
curricular modules. A brief description of this cycle is given
below in outline format. Note that with embedded assessments
the entire cycle isassessment centered. Summaries of the
goals and status for each of the locally developed modules
follow the Legacy cycle description.

Legacy Cycle
Look ahead The learning task and desired knowledge
outcomes are described here. This step also allows for pre-
assessment and serves as a benchmark for self-assessment in
the Reflect Back step.
Challenge 1 The first challenge is a lower difficulty level
problem dealing with the topic. The student is providét
information needed to understand the challenge. The steps
shown below represent the remainder of the cycle, which
prepares the students to complete the challenge.
a.Generate ideas Students are asked to generate a
list of issues and answers that they think are relevant
to the challenge; to share ideas with fellow students;
and to appreciate which ideas are “new” and to revise
their list. Learner and community centered.
b. Multiple perspectives The student is asked to
elicit ideas and approaches concerning this challenge
from “experts. Community centered.
c. Research and reviseReference materials to help
the student reach the goals of exploring the challenge
and to revise their original ideas are introduced here.
Knowledge centered.
d. Test your mettle Summative instructional events
are now presentenowledge centered.
e.Go public: This is a high stakes motivating
component introduced to motivate the student to do
well. Learner centered.
Challenge 2...N The following progressively more ambitious
challenges enable the student to progressively deepen their
knowledge of the topic being explored. They are to repeat the
complete cycle (a-e) for each challenge.
Reflect back This gives student the opportunity for self-
assessmentearner centered.
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Leaving Legacies The student is asked to provide solutions
and insights for learning to the next cohort of studeagavell
as to the instructor(sCommunity centered.

Biomechanical Model-Based Control of a Human Leg

Module Developer: Dr. Mounir BenGhalia,
Associate Professor of Electrical Engineering
Targeted Course(s):ELEE 4321, Automatic Control

& ELEE 4333, Rapid Control Prototyping

Web link:

http://w3.panam.edu/~benghalia/automatic

Goal: A first challenge for students taking a control
systems course is to draw a block diagram to
represent a control process. One of the main
difficulties of this task is identifying the actuating
signals and the response (output) signals. Control
applications discussed in a typical undergraduate
control system course or those that can be found in
control systems textbooks deal with man-made
systems and processes. The main goal of this module
is to introduce students to a biological control
application consisting of the modeling and control of
a human leg.

Status: Learning materials implemented Spring 2006

Anaerobic and Muscle Work Capacity Development and
Retention Models

Module Developer:Dr. Miguel Gonzalez, Associate
Professor of Manufacturing Engineering

Targeted Course(s):MANE 2340, Fundamentals of
Industrial Engineering & MANE 3332, Engineering
Statistics

WebLink:

http://www.engr.panam.edu/~mgonzale/

Goal: The primary goal of this project is to develop
one module (Aerobic and Anaerobic Work Capacity)
to promote students' understanding of the concepts of
development and retention of aerobic and anaerobic
work capacities for the human body, and one module
(Muscle Static Work Capacity) to promote students’
understanding of the development and retention of
muscle work capacity.

Status: Module complete and implemented spring
2006.

Biomaterial Selection for |mplant Design

Module Developer: Dr. Robert Jones, Associate
Professor of Mechanical Engineering, and Dr. Mauli
Agrawal (UTHSC-SA)

Targeted Course(s): MECE 2440, Engineering
Materials

Web Link: http://www.engr.panam.edu/~rjones

Goal: The goal of this project is to provide a
framework for students to extend their existing
knowledge of materials engineering derived from a
classical Materials Science course by introducing the
distinctive attributes required of materials in a
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biological environment. Students also need to be
introduced to the manner in which distinctive
problems in biological systems affect the selection
and development of materials for engineering
applications.

Status: Learning materials implemented, module to
be implemented Fall 2006

Human Knee Joint Mechanics

Module Developer: Dr. Robert Freeman, Professor
of Mechanical Engineering

Targeted Course(s): MECE 4333, Introduction to
Computational Biomechanics & MECE 3380,
Kinematics and Dynamics of Machines

WebLink:
www.engr.panam.edu/~rafree/IntroBioMech/Bio
MechModules/The Knee/

Goal: The goal of the project in which the Knee Joint
module is a component is to develop granules and
modules for the investigation of thmechanics of
the human upper and lower extremities Currently,
focus is on the continuing development of a human
knee joint module based on the cruciate linkage
model of the tibiofemoral joint with a single point
model of the patellofemoral joint.

Status: Two challenges completed. Web version
implemented twice at UT-Austin and twice at UTPA.
CAPE version tested at UTPA spring 2006.

Solid Mechanics Module

Module Developer: Dr. Arturo Fuentes, Assistant
Professor of Mechanical Engineering

Targeted Course(s): MECE 3321, Mechanics of
Solids & MECE 4322, Introduction to the Practice of
Finite Elements

Web Link: www.engr.panam.edu/~afuentes/fea
Goal: The goal of the project is to develop a module
to illustrate the relationship between “classical
mechanics of solids” and “finite element” stress
analysis.

Status: Learning materials implemented, module to
be implemented Fall 2006

Skeletal Representation

Module Developer: Dr. Stephen Crown, Associate
Professor of Mechanical Engineering

Targeted Course(s): MECE 1221, Engineering
Graphics

Web Link: www.crown.panam.edu/EG

Goal: The goal of the project is to develop a module
to create a computer graphics model of the human
skeleton (leg)

Status: Under development

July 23 — 28, 2006

9™ International Conference on Engineering Education

T4H-4



Motion Measurement

Virtual World delivery Environment

Session T4H

Note that the modules may be used in other discipline®delat
Module Developer: Dr. Stephen Crown, Associate to biomechanics where the content taxonomies overlap.
Professor of Mechanical Engineering

Targeted Course(s): MECE 3320, Measurements VaNTH Curricular Module I mplementation
and Instrumentation We are also planning to implement and assess existing
Web Link: www.crown.panam.edu/measurements VaNTH biomechanics modules in various traditional

Goal: The goal of the project is to develop a moduleUndergraduate Mechanical Engineering (ME) courses. Table |

to measure human body (leg) motion the Engineering courses in which they will be implemented

Status: Materials to be tested Fall 2006 and assessed. A research question associated with this activity
is; Can tradition ME concepts be successfully taught within
the context of biomechanics applications? An additional, and
perhaps more significant, question is; Does the teaching of
traditional ME concepts out of their normal context ashist t
development of student adaptive expertise? The answers to
these questions are awaiting further implementation and
assessment.

Module Developer: Dr. Stephen Crown, Associate
Professor of Mechanical Engineering

Targeted Course(s):None, faculty resource

Web Link: www.crown.panam.edu/toolbox

e Goal: The goal of the project is to develop a module
to provide tools for faculty development of an
interactive web-based environment (VRML) for the
delivery of certain VaNTH materials

» Status: Tools available, module under development

TABLE |
VANTH MODULE IMPLEMENTATION IN TRADITIONAL ME COURSES ATUTPA

Module/ Original Course/Title Dept. / Required | Semester/ # of | Assessments

Development Site Students

Iron Cross / MECE 2301/ Statics ME & MANE/ | F06, Sp07/ Pre- and Post

Vanderbilt Req.-Yes 45 per semester| Quizzes

Jumping Jack C1/ | MECE 2302/ Dynamics ME & MANE/ | F06, Sp07/ Pre- and Post

UTAustin Req.-Yes 45 per semester| Quizzes

Soccer Injury/ MECE 3321/ ME & MANE/ F06, Sp07/ Pre- and Post

Vanderbilt Mech. of Solids Req.-Yes 45 per semester| Quizzes

Jumping Jack C2a/ | MECE 3380/ ME/ Req.-Yes F06,07/ Pre- and Post

UTAustin Kin. & Dyn. of Machines 60 per semester| Quizzes

Jumping Jack C2b/ | MECE 4304/ ME / Req.-No Sp07/ Pre- and Post

UTAustin Auto. Control Systems 15 per semester| Quizzes
Human Knee Module: CAPE [7] authored, eLMS[7] o NER
delivered :
The CAPE version of the Knee module mimics the standar T /keetadie Module s T |t=s [

s

web delivered Legacy cycle version in that the upper level, @
the CAPE module are the steps of the Legacy cycle. Figure

shows the upper level of the CAPE version of the module. TH = &5 ST =TT =
CAPE version differs significantly from the standard webj=""
version in that there are embedded adaptive learning activiti Look Ahead Challenge  Generate Ideas

in the Generate Ideas, Multiple Perspectives, and Research
Revise phases / steps that can not be included in a nd
managed web page delivery. Furthermore, eLMS keeps
delivery record that enables the instructor to see exactly ho
the student(s) traversed the module and, in particulssed¢o
their performance in the formative adaptive learning activitieg

This ability allows the instructor to discover common —
misconceptions and problems and underscores which areas | [* .
the module need improvement. Figure 4 shows the seco : T
layer of the Research & Revise phase, along with adaptiv Sl
o Public v

learning activities, for delivery via eLMS. Depending on the

.
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CONCLUSION
Partnership with VaNTH lead to our awareness and aulopti
of the How People Learn principles for the design of dffect
learning environments and has greatly impacted several
educational initiatives in the different engineering programs
The University of Texas - Pan American. In particular,
VaNTH’s implementation of HPL learning environment
design via a systematic approach to the development and
assessment of curricular innovations is providing guidamce
a department level reform effort, and to the development of
new courses and curricular modules in traditional areas of
engineering as well as in biomechanics.
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