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Motivating Design and Analysis Skills Acquisition through the 
Infusion of Adapted Physical Activity Projects in a Mechanical 

Engineering Curriculum 
 
 
Abstract 
 
At the heart of the mechanical engineering discipline is the design (including analysis) of 
machines and machine elements that satisfy societal needs. At California Polytechnic State 
University students are challenged in their four-year curriculum by unique, open-ended design 
projects. Many of these projects focus on the design, analysis, building and testing of adapted 
physical activity devices that allow greater inclusion of persons with disabilities in recreational 
activities. Adapted physical activity gives persons with disabilities the opportunity to play and 
obtain physical exercise. These projects present design challenges that force students to consider 
a user-centered design approach with little in the way of existing reference designs to build upon; 
therefore the students are required to use a disciplined approach to the engineering design 
process. These projects also provide additional motivation as students can see the impact their 
involvement and profession can have on the lives of others. This paper describes how adapted 
physical activity design projects are used in four separate courses to enhance learning of the 
engineering design process, engineering analysis skills and experimental methods. Preliminary 
assessment results of this service learning pedagogy’s effect on student attitudes, student 
motivation and student learning are reported.  
 
Background 
 
Assistive design projects have been used in Mechanical Engineering classes for many years (see 
Terpenny et al., 2001, Brackin and Gibson, 2002 and Widmann et al, 2009 for examples).1,2,3 
They provide open-ended design problems where students can fully explore all aspects of the 
design process and provide students with motivation to make a positive impact on their clients 
and society. When designing adapted devices for persons with disabilities, the students must 
consider the user, whose abilities and needs may be radically different from their own. 
Additionally, the user (or clients) with a disability often do not have a technical background; 
therefore, the students must fully develop the project’s technical requirements by themselves. In 
contrast, sponsors of industrial based projects might formally give students a technical 
specification thus negating the need for the students to practice the important skills involved in 
requirements development. In the conceptual phase of the project, the students are forced to fully 
explore the possible solution space due the uniqueness of the problems encountered. For 
example, investigating the different ways someone with severe physical disabilities might throw 
a Frisbee provides a greater creative challenge than designing a piping and flow control system 
for an industrial sponsor. Additionally, students undertaking these projects must dig deeper in 
their patent and product research to find relevant ideas and products. Since these projects often 
involve radically new ideas, the students are better motivated to turn to conceptual modeling 
earlier in the design process to better understand the problem they are trying to solve and the 
efficacy of their concepts. Finally the students often need to start analysis early in the design 
process to assess the viability of their concepts. In these ways, adapted physical activity projects 
have the potential to motivate the use of a formal design process, the learning of which is 
typically a desired outcome of a design course. Furthermore, the students may be more motivated 

P
age 22.1079.2



to engage in each step of the process since all steps will require careful consideration to achieve 
a complete solution that satisfies all the customer requirements. 
 
In addition to providing a platform for learning design skills, students working on adaptive 
physical activity projects may also be highly motivated to improve the quality of life of a specific 
client who will benefit from the design. In this paper, the authors address the research questions: 
Do adapted physical activity design projects provide the opportunity and motivation for students 
to learn the mechanical design process, design analysis skills and can the projects be expanded to 
provide motivation in other parts of the Mechanical Engineering Curriculum? 
 
In March 2008 the authors were awarded a Research to Aid Persons with Disabilities (RAPD) 
grant by the National Science Foundation entitled: Access by Design: Capstone Projects to 
Promote Physical Activity. This five year grant provides funding for undergraduate capstone 
design projects that allow access to recreational activities for persons with disabilities. Each year 
the grant provides funding for 10 separate design projects that are undertaking by mostly 
Mechanical Engineering, Computer Engineering, and Kinesiology students with occasional 
support from students from other engineering disciplines. The projects usually have specific 
clients with various levels and types of disability. Students working on these projects need to 
first understand the user’s capabilities and then design solutions to allow the clients to gain a 
level of physical exercise using appropriate technology. Each project is completed using a formal 
design process and all designs are built, tested and ultimately given to the user. 
 
The projects described in this paper have been undertaken at California Polytechnic State 
University, San Luis Obispo (Cal Poly). Cal Poly was founded in 1903 and is one of 23 
campuses of the California State University System. Cal Poly is primarily an undergraduate 
institution with approximately 18,500 enrolled undergraduates and 1180 faculty. 5000 students 
are enrolled in the College of Engineering which is comprised of nine departments. The largest 
department, Mechanical Engineering, has approximately 1000 undergraduates, 60 Masters 
Students and 28 full time tenure and tenure track faculty. The department awards about 200 
undergraduate degrees each year.  
 
Curriculum Overview 
Cal Poly’s Mechanical Engineering program is anchored by a comprehensive curriculum that 
emphasizes fundamentals of engineering, laboratory “hands on” experiences and engineering 
design throughout the four year program. Students are admitted into the program as freshman 
and start their Mechanical Engineering classes during their first year and continue these classes 
through their senior year. Adapted physical activity design projects are used in two curricular 
threads. One curricular thread is in the area of Mechanical Design. Freshmen are introduced to 
the design process in ME134: Introduction to Mechanical Engineering. This is a laboratory class 
(weekly three hour lab meeting) where active learning (such as mechanical dissection) and 
design activities are experienced. In their sophomore year, the students take a course entitled 
ME234: Philosophy of Design where the students focus on applying the design process through 
the solution of open-ended design problems with a special emphasis on creativity and conceptual 
prototyping. In their junior year, students take two classes (ME328: Introduction to Design and 
ME329: Intermediate Design) which focus on the application of advanced strength of materials, 
fatigue analysis, and on the design, analysis and selection of machine components. Each of these 
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junior level courses have a weekly three hour lab component where students solve open ended 
design problems in three or four-week projects (usually two per quarter). The last element of the 
Design thread is a full-year Capstone Design Project (ME428-ME430: Senior Design Project) 
where students design, build and test a solution to an externally supplied design problem.  
 
A second curricular thread considered here is in Mechanics. After completing a mechanics 
course taught by the physics department, Cal Poly Mechanical Engineering students take 
ME211: Statics, ME212: Dynamics, CE204: Mechanics of Materials I and CE207: Mechanics of 
Materials II in their sophomore year. In their junior year, the students are required to take 
ME326: Intermediate Dynamics, ME318: Mechanical Vibrations and ME328: Introduction to 
design. In their senior year, they take ME422: Mechanical Control Systems. Students can choose 
to expand these threads in their senior year with a selection from a variety of technical electives. 
One example is ME410: Experimental Methods in Design. 
 
Specific Courses and Associated Adapted Physical Activity Projects 
 
This section describes in more detail the specific courses where students undertake the design 
and/or analysis of adapted physical activity projects and how the projects are integrated into 
these classes.  The most extensive use of the projects is in the Mechanical Engineering, 
Computer Engineering and Interdisciplinary Engineering capstone design courses. They are also 
used in the Junior level machine component design class as four week conceptual design 
projects.  In the sophomore dynamics class, the projects are used to motivate the learning of 
dynamics concepts and problem solving skills and finally the projects are instrumented in a 
senior technical elective course in experimental methods. 
 
ME428/ME429/ME430 Senior Design Project 
This full year (three quarter) course is a prototypical industrial-based capstone design classes 
(see Widmann and Mello, 2007 for details).4 All projects have external sponsors who bring 
“real” world problems to the classes for teams of three to four students to solve through 
hardware-based engineering designs. Typically there are 60 different projects undertaken per 
academic year while about 10 of these are adapted physical activity projects. While the students 
work on their projects they are instructed about typical design processes that they are expected to 
apply in their work. The basic design process followed for all projects consists of: 

 A project definition phase where students develop a list of requirements in conjunction 
with their sponsor to insure that the problem is fully understood and the user’s needs will 
be addressed in the design. 

 A conceptual design phase where students creatively explore as many solutions to the 
given design task as possible. 

 A concept selection phase where different ideas are evaluated and the best concepts are 
selected for detail design. 

 A detail design phase where standard components are selected, detailed analysis occurs 
and drawings, schematics and software structures are created. 

 A manufacturing phase where raw materials and standard parts are procured, custom 
parts produced, electronic circuits assembled and software created. 

 A testing phase in which design requirements are verified and necessary modifications 
are made. 
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Deliverables for this class include a Design Requirements Document, a Design Report and 
Critical Design Presentation and Review with the project sponsor, a Final Project Report and 
hardware demonstration through a tradeshow-style Senior Design Expo. Student workload is 
typically high due to the open ended nature of the projects, the amount of detail work necessary 
and the iterative nature of the design process. Upon completion of the class, students should be 
able to: 

1. Apply a formal engineering design process to solve an open-ended, externally supplied 
engineering design problem. 

2. Work effectively on an engineering team. 
3. Develop, analyze and maintain an engineering project schedule using a Gantt chart and 

appropriate software. 
4. Use Quality Function Deployment (QFD) to evaluate customer requirements  
5. Formally define an engineering problem 
6. Generate an engineering specification document. 
7. Apply creative techniques to generate conceptual design solutions. 
8. Apply structured decision schemes to select appropriate engineering concepts in a team 

environment. 
9. Design subsystems within constraints of strength, size, materials, performance, cyclic 

loading, etc. 
10. Evaluate potential design solutions through the use of engineering and physical science 

analysis techniques and tools. 
11. Apply current industrial design practice and techniques such as DFX, FMEA and/or 

TQM to engineering design problems. 
12. Construct and test prototype designs. 
13. Develop and implement a design verification plan and report. 
14. Communicate and present engineering design project results orally, graphically and in 

writing 
15. Students will improve their ability to discuss and take a stand on open-ended topics 

involving engineering ethics and product liability 
16. Discuss engineering professionalism and its responsibility to society 
17. Understand the codes of ethics and their implications in engineering practice 

 
While the students are engaged in designing adapted physical activity solutions to their client’s 
needs a service-learning pedagogy is employed. Service-learning occurs when “Students engage 
in community service activities with intentional academic and learning goals and opportunities 
for reflection that connect to their academic discipline” (Cress et al, 2005)5. Reflection is an 
integral part of learning and helps to develop critical thinking skills (Jacoby, 1996; Tsang, 2000; 
Tsang, 2002).6,7,8 The development of these critical thinking skills enables engineering 
undergraduates to develop a broader appreciation of and ability to deal with the constraints 
facing the engineering profession and the ever changing world. Currently senior project design 
students are asked to reflect on their experiences in the form of monthly 500 word essays that 
respond to an instructor supplied prompt such as commenting on team experiences or on the 
experience of meeting their client. 
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Over the last three years, students have completed or are in the process of completing 32 
Adapted Physical Activity Projects funded by the RAPD grant. Three examples of the projects 
are described in more detail below. A complete list of projects completed and used in 
Mechanical Engineering Courses can be found in the Table 1 along with the number of students 
and the courses impacted. 
 
Table 1: Adapted Physical Activity Projects Completed in Mechanical Engineering Classes 
Project Name: Description Students Date Classes 
Adjustable Sit Ski: Modular X-country ski machine for 
person with paraplegia 

4 June 
2008 

ME428 

The Universal Play Frame (UPF) Mk.V: Frame to attach to 
any wheelchair to allow mounting of other adapted “toys”. 

3 June 
2008 

ME428 

Frisbee Launcher Mk II: A Frisbee thrower attachment for 
UPF for playing adapted Frisbee golf. 

3 June 
2008 

ME428 
ME212 

Rock n’ Bowler: UPF Attachment to allow adapted bowling 
for persons in motorized wheelchairs. 

3 June 
2008 

ME428 

UPF Golf II: UPF attachment to allow adapted golf for 
persons in motorized wheelchairs 

3 June 
2009 

ME428 

UPF Baseball: UPF attachment to allow adapted baseball for 
persons in motorized wheelchairs. 

3 June 
2009 

ME428 

UPF Soccer: UPF attached to allow “kicking” of soccer balls 3 June 
2009 

ME428 
ME212 

Power Soccer: Universal attachment to motorized wheelchairs 
to allow team-based soccer matches 

3 June 
2009 

ME428 

The Foot and Hand Cycle: An exercise machine for persons 
with limited muscle strength and balance difficulties. 

4 June 
2010 

ME428 
ME441 

Performance Sit Ski: Adapted Cross Country ski machine for 
U.S. Paralympic Ski Team Athlete 

3 June 
2010 

ME428 

The Adapted Paddle Launch Vehicle: A vehicle to help a 
person with disabilities transport a kayak from a car and into 
the water and back out. 

4 June 
2010 

ME428 

The Strider: A exercise and mobility device to allow a child 
with Spinal Muscular Atrophy to move independently in an 
upright position. 

3 June 
2010 

ME428 

Foam Wars II: Motorized wheelchair enclosure to allow a 
version of adapted paintball 

4 Dec. 
2010 

ME428 

The Foot and Hand Cycle II: An exercise machine to allow 
adapted cycling design for a specific client 

4 Dec. 
2010 

ME428 

UPF Mark VI: A new Universal Play Frame with improved 
stiffness and ability to interface with more wheelchairs 

3 Dec. 
2010 

ME428 

Adapted Bocce: A device to allow an adapted version of 
Bocce Ball 

72 Fall 
2009 

ME329 

Adapted Darts: A device to allow an adapted version of 
standard darts 

70 Spring 
2010 

ME329 
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systems. In this way, they clearly grab the student’s interest in a way that other “textbook” 
Dynamics problems do not. It is possible that the effect of seeing the efforts of fellow students 
increases the level of interest and the fact that their fellow students applied Dynamics principals 
in their designs lend added relevance to the topics.  
 
Table 2. Subjective survey responses regarding motivation 
 

Strongly 
agree 
(5) 

Agree 
(4) 

Neither 
agree nor 
disagree 

(3) 

Disagree 
(2) 

Strongly 
disagree 

(1) 
Mean 

The Wheelchair Bocce Design 
Project was interesting and 
motivating. 

6 5 2 0 0 4.31 

The Wheelchair Darts Design 
Project was interesting and 
motivating. 

6 16 3 0 1 3.93 

The Wind Turbine Power 
Transmission Project was 
interesting and motivating. 

5 6 2 0 0 4.23 

The Stretch Forming Machine 
Project was interesting and 
motivating. 

4 13 6 4 0 3.62 

 
Table 3. Subjective survey responses concerning Design Process 
 

Strongly 
agree 
(5) 

Agree 
(4) 

Neither 
agree nor 
disagree 

(3) 

Disagree 
(2) 

Strongly 
disagree 

(1) 
Mean 

The Wheelchair Bocce Design 
project helped me learn to apply 
the engineering design process. 

6 6 1 0 0 4.38 

The Wheelchair Darts Design 
project helped me learn to apply 
the engineering design process. 

7 14 4 1 1 3.93 

The Wind Turbine Power 
Transmission Project helped me 
learn to apply the engineering 
design process. 

4 9 0 0 0 4.31 

The Stretch Forming Machine 
Project helped me learn to apply 
the engineering design process. 

4 18 5 0 0 3.96 
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Table 4. Subjective survey responses concerning use of Creativity 
 

Strongly 
agree 
(5) 

Agree 
(4) 

Neither 
agree nor 
disagree 

(3) 

Disagree 
(2) 

Strongly 
disagree 

(1) 
Mean 

The Wheelchair Bocce Design 
Project helped me to improve my 
creativity skills. 

7 4 2 0 0 4.38 

The Wheelchair Darts Design 
Project helped me to improve my 
creativity skills. 

6 18 1 2 0 4.04 

The Wind Turbine Power 
Transmission Project helped me 
improve my creativity skills. 

4 7 1 1 0 4.08 

The Stretch Forming Machine 
Project helped me improve my 
creativity skills. 

1 11 10 3 2 3.22 

 
Lastly, we are interested in how the assistive technology context affects student development as 
conscious citizens. Specifically we are interested in how engineering students view those with 
disabilities and how the service learning experience might change that. An instrument, the 
Attitudes Survey on People with Disabilities is being administered to capstone design students 
before and after their involvement in the projects mentioned above. The students working on 
industrial based projects provide a control group. It is expected that student attitudes toward 
people with disabilities will improve more for those who work on the Adapted Physical Activity 
projects than those who do not. Preliminary results indicate that students identify a positive 
emotional benefit for working on projects to aid persons with disabilities. More data will be 
available at the completion of this academic year. 
  
Conclusions and on-Going Work 
 
This paper details the use of Adapted Physical Activity projects in four classes in Mechanical 
Engineering at Cal Poly. It is evident that service-based design projects that improve the lives of 
people with disabilities can provide a platform for attainment of the diverse set of learning 
objectives and student outcomes expected in these classes. It is the author’s intent to compare 
how students might benefit to a greater or lesser extent based on whether their project is an 
adapted physical recreation project versus more traditional industrial projects. Preliminary 
evidence from surveys of junior level students in a machine design class suggests that the 
students find the projects motivational and a platform on which to exercise their creative skills 
and learn the design process. On-going efforts for the 2010-2011 academic year include 
extensive surveys of the capstone class to measure design skill attainments, situational 
motivation and personal and professional growth (measured through thematic analysis of 
reflective essays). Lastly we will attempt to measure how working on adapted physical activity 
projects affects student development as conscious citizens.  
  
 

P
age 22.1079.13



Acknowledgements 
 
This work is made possible through an NSF Research to Aid Persons with Disabilities (RAPD) 
Grant (award #0756210) and the on-going assessment is supported by an NSF-EAGER grant 
(award # 1062297). It is also the result of the hard work of volunteers, engineering and 
kinesiology students who devote countless hours to the success of the projects and the on-going 
maintenance of the Adapted Recreation Activity Programs at Cal Poly. 
 
References 
 
1. Terpenny, J., Gao, R., Ritter, J., Fisher, D. and Krishnaumurty, S., “Senior Design Projects to Aid the 

Disabled,” Proceedings of the 2001 American Society for Engineering Education Annual Conference and 
Exposition, Albuquerque, NM, June 2001. 
 

2. Brackin, P. and Gibson, J. “Capstone Design Projects: Enabling the Disabled,” Proceedings of the 2002 ASEE 
Annual Conference & Exposition, Montreal, Canada, June 2002. 

 
3. Widmann, J., Slivovsky, L, Self, B., and Taylor J.K.,  “Aligning Goals of Capstone Design, Service Learning 

and Adapted Physical Activity, “,” Proceedings of the 2009 ASEE Annual Conference & Exposition, Austin, 
TX, June 2009. 
 

4. Widmann, J., and Mello, J., “Redesign of a Senior Capstone Design Experience: A Flexible Model for 
Continuous Improvement,” 2007 National Capstone Design Conference, Boulder, CO,  June 2007 

 
5. Cress, C.M., Collier, P.J., and Reitenauer, V.L. (2005) Learning Through Serving: A Student Guidebook for 

Service-Learning Across the Disciplines. Stylus Publishing, Sterling, VA. 
 
6. Jacoby, B. (1996) "Service-Learning in Today’s Higher Education", in Service-Learning in Higher Education: 

Concepts and Practices, ed. B. Jacoby and Associates, Jossey-Bass Publishers, San Francisco, CA. 
 
7. Tsang, E. (2000). Service Learning: A Positive Approach to Teaching Engineering Ethics and Social Impact of 

Technology. Proceedings of the 2000 ASEE Annual Conference & Exposition, St. Louis, MO, June 18-21, 
2000, Session 3630. 

 
8. Tsang, E. (2002). Use Assessment to Develop Service-Learning Reflection Course Materials. Proceedings of 

the 32nd ASEE/IEEE Frontiers in Education Conference, Boston, MA, Nov. 6-9, 2002, Session F2A.  
 

9. Self, B. P. and Widmann, J. “Dynamics Buzzword Bingo: Active/Collaborative/Inductive Learning, Model 
Eliciting Activities, Conceptual Understanding,” Proceedings of the 2010 ASEE Annual Conference & 
Exposition, Louisville, KY, June 2010. 

 
10. Brackin, P. and Gibson, J. “Service-Learning in Capstone Design Projects: Emphasizing Reflection,” 

Proceedings of the 2004 ASEE Annual Conference & Exposition, Salt Lake City, UT, June 2004. 
 

P
age 22.1079.14



Appendix AA: ME329 Adaapted Darts Prooject

P
age 22.1079.15



P
age 22.1079.16



P
age 22.1079.17



P
age 22.1079.18



P
age 22.1079.19



P
age 22.1079.20



 
 

 P
age 22.1079.21


