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Abstract 
 
The Engineering Education Innovation Center at The Ohio State University offers students an 
option to their traditional capstone design course by providing a Multidisciplinary Capstone 
Design course where teams work on company-sponsored projects.  Teams include both 
engineering and non-engineering students and projects include product, process, and system 
design opportunities.  This active learning opportunity allows students to apply their academic, 
professional, and practical skills to real-world problem solving.  This two-semester program 
begins with a seven-week pre-capstone course.  During this time the capstone coordinators form 
teams based on student preference and disciplines appropriate to the project scope. The 
coordinators assign a faculty advisor and identify an industry liaison to provide leadership and 
coaching throughout the project.   
 
The program enhances critical thinking skills by providing open-ended projects.  By following a 
basic engineering design process, students develop several critical professional skills including 
oral and written communication, professional working relationships, project and time 
management, and ethics along with a broad understanding of the interrelationship of business, 
engineering, and design elements.  The design process includes: defining the problem, creating 
the requirements, creating design concepts, developing detailed specifications, creating a detailed 
design solution, building a prototype, validating the design, refining the design, documenting the 
design process, and identifying future recommendations.  Teams deliver multiple design reports 
and formal oral presentations to the class, advisors, and industry sponsors. 
 
The instructors continually solicit industry and departmental feedback to enrich the students’ 
experience and better prepare them for their careers. We recently surveyed 370 graduates of the 
multidisciplinary program ranging in experience levels from one to five years.1 The survey 
compared the key needs of industry with the success of the program in meeting these needs.  
This paper addresses the quantitative results of the survey and describes the current program’s 
structure.  The authors focus on learning outcomes that include “an ability to function on 
multidisciplinary teams” (ABET Criteria 3d), “an ability to communicate effectively” (ABET 
Criteria 3g), and “the ability to manage an engineering project.”  The authors also compare the 
survey results of multidisciplinary alumni to the general population of engineering alumni to 
provide insight into the effectiveness of the multidisciplinary program in achieving industry 
needs. 
 
Introduction 
 
Capstone design courses are one way for engineering programs to meet the Accreditation Board 
for Engineering and Technology’s (ABET) Criterion 5 which states: “Students must be prepared 
for engineering practice through a curriculum culminating in a major design experience based on 
the knowledge and skills acquired in earlier course work and incorporating appropriate 
engineering standards and multiple realistic constraints”.  Institutions across the nation meet this 
criterion in many different formats and structures.2 The Ohio State University offers 14 
undergraduate engineering programs through ten engineering departments. Each program offers 
one or more capstone design options—representing a variety of capstone structures across the 
college—some are one- and others two-semester courses.  Project topics are generated from 

P
age 24.560.3



faculty, research, or industrial clients. Projects are funded by departments, faculty research 
grants, or sponsor companies.  
 
The Engineering Education Innovation Center (EEIC) at The Ohio State University offers a 
multidisciplinary engineering capstone experience as another option.  This paper discusses the 
structure of the Multidisciplinary Engineering Capstone Program and alumni survey results of 
the program compared to the general population of engineering alumni.  
 
Multidisciplinary Capstone Program Structure 
 
The EEIC’s Multidisciplinary Capstone Program began in 2009 and has included over 450 
students from 20 disciplines and 70 projects from over 50 different companies. The two-semester 
course begins with a seven-week pre-capstone session followed by a semester-and-a-half project. 
The projects are all realistic projects defined by sponsor companies who support the projects 
financially and with company personnel.  Projects include process and equipment design, energy 
and environmental improvements, and new product development. Students from all 14 
undergraduate engineering programs have participated in the program along with students from 
business, psychology, international studies, industrial design, dentistry, speech and hearing, 
occupational therapy, and food science.  Many of the product development projects employ 
MBA students in the role of project manager. 
 
Because the multidisciplinary capstone course is one of several options for senior engineering 
students, instructors can be selective when accepting students.  They screen students through an 
application process that includes submitting a resume and application letter.  Often, personal 
interviews are the deciding factor to ensure teams are formed with self-directed students.  
Students are asked to explain their interest in joining the program and to describe the 
contribution they expect to make to their team. During this process, the coordinators look for 
students exhibiting professional skills including time management, leadership, teamwork, 
communication, and initiative.   
 
Capstone instructors recruit sponsoring companies and many are experienced, recurring partners. 
Instructors recruit through personal contacts, alumni referrals, Industry Liaison Office, and the 
development office.  Many companies sponsor projects as a way of interviewing prospective 
employees.  Some do so as a form of community promotion and some expect effective results 
from capstone projects that affect their bottom line.   
 
The learning outcomes for the program are a vital part in preparing students for professional 
careers.  Table 1 summarizes these outcomes. 
 
 
Outcome Name  Outcome Definition  
1. Perform Professionally  Students individually exhibit integrity, accept 

responsibility, take initiative, and provide 
leadership necessary to ensure project success 
as part of a multi-discipline team.  

2. Produce Quality Designs  Students collectively produce designs that 
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meet important authentic performance 
requirements while satisfying relevant 
societal and professional constraints.  

3. Establish Team Relationships for Quality 
Performance  

Students establish relationships and 
implement practices with team members, 
advisors, and clients that support high 
performance and continuous improvement.  

4. Manage Project Schedule and Resources  Students plan, monitor, and manage project 
schedule, resources, and work assignments to 
ensure timely and within-budget completion.  

5. Apply Knowledge, Research and 
Creativity  

Students utilize prior knowledge, independent 
research, published information, patents, and 
original ideas in addressing problems and 
generating solutions.  

6. Make Decisions Using Broad-Based 
Criteria  

Students make design decisions based on 
design requirements, life-cycle 
considerations, resource availability, 
sustainability, and associated risks.  

7. Use Contemporary Tools  Students demonstrate effective use of 
contemporary tools for engineering and 
business analysis, fabrication, testing, and 
design communication.  

8. Test and Defend Design Performance  Students collectively test and defend 
performance of a multi-discipline design with 
respect to at least one primary design 
requirement.  

9. Communicate for Project Success  Students use formal and informal 
communications with team members, 
advisors, and clients to document and 
facilitate progress and to enhance impact of 
designs.  

10. Pursue Needed Professional Development  Students individually assess and pursue 
personal professional growth in concert with 
project requirements and personal career 
goals.  

 
Table 1: Program’s Learning Outcomes3 

 
The pre-capstone course (first seven weeks) focuses on teaching a design process in a lecture 
setting while teams of three or four students apply it to a mini-design project.  The design is then 
followed throughout the company-sponsored project (Figure 2.) 
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Figure 2: Engineering Design Process3 

 
To familiarize students with the design process, they perform a mini-design project in the pre-
capstone course. This involves redesigning a home product (i.e. toaster, fruit slicer, contact 
lenses case, etc.) to address a common functional issue.  Written and oral presentations are 
required at each phase of the project—each assessed with a set of rubrics (Appendix, Table A-1 
and A-2).  In addition to teaching the design process, lectures include topics on project 

Concept 
Generation 

Solution 
Realization 

Problem 
Scoping 

User-Defined Problem 

1. Define Problem 
• Gather information 
• ID stake holders 
• Understand root causes 
 

2. Create Needs 
• Define design requirements 
• Obtain customer approval 

3. Create Design Concepts 
• Select best solution 
• Define Specifications 
• Obtain customer approval 
 

4. Design Solution 
• Create detail design 
• Document 
• Obtain customer approval 
 

5. Build Prototype 
• Purchase  material 
• Construct product, process, 

or system 

6. Validate Design 
• Test against spec 
• Revise as necessary 

7. Implement Design 
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management, teamwork, communication, ethics, creative thinking, and design for 
commercialization. 
 
Upon completion of the pre-capstone portion, teams are selected and matched with a company-
sponsored project. Teams typically consist of three to six students matched to the needs and 
scope of the project.  To help ensure enthusiastic participation, clients present their project 
overview to all students and students rank the projects in order of interest.  They are assigned 
according to their preference ensuring that each team has the disciplines to match the project 
need. The company assigns an employee (typically an engineer directly associated with the 
project) to the team of students to act as a liaison, coach, and subject-matter expert.  Capstone 
instructors recruit faculty advisors for each project who are compensated from project funds.  A 
faculty mentor advises no more than two projects.  Oral and written assignments are due at each 
of the major design steps and are graded as an average of the faculty advisor and one of the 
project instructors to provide a “normalizing” affect.  To ensure consistency between graders, 
instructors apply common rubrics (see Appendix, Table A-1 and A-2).  Grades for the course are 
weighted 90% for team contribution and 10% for individual effort.  
 
Throughout the project, students interact with the company liaison and faculty advisor in several 
ways.  Each team meets with their advisors and company liaison once per week.  Written 
agendas guide the update of status, identification of obstacles and resources needed, and a 
summary of next tasks.  These meetings take on different forms but teams typically use 
teleconference or videoconference means.  At each project milestone, teams make a formal 
presentation to the client, often at the client’s facility.  Finally, students interact with the sponsor 
and mentor thru plant visits and email communications. 
 
Survey Methods and Respondents 
 
The Ohio State University’s College of Engineering (COE) has surveyed alumni regarding 
ABET Objectives and Outcomes since 1999.  In 2012, the college surveyed second- and third-
year engineering alumni. The survey includes both college-common and program-specific 
outcomes.4 Of the 1,376 surveys sent, the college received a response rate of 22.9% (n=315).  
This paper focuses on the college-common outcomes section of the survey and the surveyed 
alumni responses relating their academic preparation to the importance to their professional 
career.  
 
In 2012, the EEIC’s surveyed 370 multidisciplinary capstone (MDC) alumni. The survey focused 
on the learning objectives of the multidisciplinary capstone and their impacts on recent alumni’s 
(2008-2012 graduates) careers.  The survey follows a similar process and structure as the college 
survey of the general graduate population.  The MDC alumni survey includes the college’s 
common-outcomes section relating the surveyed alumni responses to ABET Criteria 3 
preparedness and importance to their professional career. Of the 370 surveys sent out, the 
Engineering Education Innovation Center received a response rate of 19.4% (n=66).   
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Survey Results and Discussion 
 
This section details and discusses the results of the MDC survey and compares equivalent years 
of graduates that participated in the MDC survey to the results of the larger COE alumni pool.  
The categories discussed include the four learning outcomes: 

• “an ability to function on multidisciplinary teams” (ABET Criteria 3d), 
• “an ability to communicate (written) effectively” (ABET Criteria 3g),  
• “an ability to communicate (orally) effectively” (ABET Criteria 3g), and   
• “the ability to manage an engineering project.”   

 
All survey respondents rated each category from one to five.  One indicates either Not Important 
to one’s professional career or Did Not Contribute in academic preparation and five indicates 
Extremely Important or Extremely Helpful. 
 
MDC Overall Results 
 
The averaged ratings for the early career (years 1-5 after graduation) MDC-specific alumni are 
shown below for the four learning outcomes.  
 

  
 

Figure 3: MDC Program Averaged Results 
 
There are two main considerations when examining the above results.  The first is recognizing 
that the results are averaged over alumni with one to five years of experience and the views of 
importance to their professional career and their academic preparation for first-year alumni may 
be different than alumni with five years of experience.  The second is that the results include 
alumni who participated in the inaugural years of the program and those who graduated more 
recently with the benefit of program improvements including curriculum material and delivery, 
expansion of student disciplines, and growing experience of staff and industry-sponsors.  
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With these considerations in mind, it is nevertheless positive to note that over the first five years 
of existence, the multidisciplinary program received a rating of four or better in academic 
preparation for the averaged results over the four categories.  Furthermore, the program provided 
reasonable academic preparation when comparing it to the importance to professional career 
ratings, with the greatest difference being 0.22.  
 
Consider the survey results when comparing the MDC subgroup results to the larger COE alumni 
pool responses for corresponding graduating classes.  The MDC alumni, also being part of the 
larger COE population, may have responded to both surveys one year apart.  For the same two 
graduating classes surveyed by the COE, the MDC response rate for the 105 alumni that 
participated in the program-specific survey was 22.8% (n=24).  
 
MDC and COE Survey Results Comparisons 
 
Consider the responses of the two groups that relate the professional importance and academic 
preparation with their ability to function on a multidisciplinary team (ABET Criteria 3d), shown 
below. 

 
 

Figure 4: MDC and COE Comparison with the Ability to Function on a Multidisciplinary Team 
 
There is a marginal difference between the two groups of students for “importance of the ability 
to their professional career”, but the MDC alumni subgroup indicated an 11.3% increase in 
“academic preparation” over the COE alumni pool.  Considering that one of the main objectives 
of the MDC program is to grow this skill, the results are positive feedback for the MDC 
program.   
 
The comparison results for the ability to communicate effectively (ABET Criteria 3g) are shown 
in the following two figures.  
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Figure 5: MDC and COE Comparison of Effective Communication – Written 
 

 
 

Figure 6: MDC and COE Comparison of Effective Communication – Orally 
 
Figure 5 and 6 indicate that the MDC subgroup was consistent with the larger COE alumni in 
regard to the importance to their professional careers in both forms of communication.  There 
was a marginal increase of 0.08 in rating for the MDC alumni’s academic preparation in 
effective writing communication.  However, the results indicate a more noticeable increase in 
rating of 0.55 with their preparation to effectively communicate orally.  The rating increased 
from 3.58 for the general COE group to 4.13 for MDC alumni, a 13.3% improvement.   
 
Contributing factors of this improvement could be attributed to the programs curriculum 
emphasis on developing oral communication skills.  The program provides a number of 
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opportunities to make formal oral presentations couple with formative and summative 
assessment.  Additionally, oral communication skills are developed through weekly status 
meetings with the client.  However, the COE discipline-specific capstone programs may offer 
similar experiences, which could indicate that the improvement may also include the way in 
which the program presents and assigns value to curriculum material that emphasizes developing 
oral communication skills. 
 
The results for the survey question regarding “the ability to manage an engineering project” are 
shown below.  
 

 
 

Figure 7: MDC and COE Comparison of an Ability to Manage an Engineering Project 
 
There is a noticeable increase of 13.7% in the academic preparation of the MDC alumni 
compared to the larger COE group, and similar ratings in the importance to professional career.  
Each project team is required to meet specific milestones at fixed dates.  Teams quickly learn 
that managing time and tasks is critical to meeting assignment dates.  Project status is continually 
addressed and monitored by both faculty advisor and industry liaison at weekly meetings placing 
a great visibility on the results of task completion. 
 
The authors observe that the four learning outcomes are rated lower by the general COE alumni 
than MDC alumni.  The difference between these two groups for academic preparation ranged 
from 0.12 to 0.54, with the greatest difference observed to be with the ability to function on a 
multidisciplinary team.  Also, the results identified the most important category to professional 
careers was effective oral communication; the MDC alumni had an average rating in academic 
preparation of 4.13 while the COE alumni had an average rating of 3.58. 
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While the survey results show positive results in several learning outcomes, the capstone 
coordinators continue to monitor feedback from industry, faculty and anecdotal feedback from 
graduating seniors.  In addition to The Ohio State University’s internal survey responses, the 
capstone coordinators look at successes of other institutions and trends in engineering 
education.5 In order to meet the objectives of continuous improvement, the MDC capstone 
coordinators continue to improve the capstone program by adapting the following concepts: 

• Implementing “flipped classroom” techniques and spending more class time working 
with teams 

• Extending capstone design to a full two semesters to provide more time for design 
validation 

• Working with various programs to extend design concepts throughout all four years 
• Developing technical writing course taught within the college of engineering 
• Incorporating “design thinking” concepts and “user-centered” design 
• Focusing on environmental, social, and global impacts of design 

 
Conclusion 
 
The Ohio State University’s Multidisciplinary Capstone Program challenges student to apply 
their academic and professional experiences to industry-sponsored projects.  The program gives 
students an opportunity to develop skills in project management, professional communication 
and application of a design process to a real-world project in a multidisciplinary team 
environment. 
 
This paper described the current Engineering Education Innovation Center’s Multidisciplinary 
Capstone program’s structure and addressed the quantitative results of an alumni survey.  The 
authors focused on learning outcomes that include “an ability to function on multidisciplinary 
teams” (ABET Criteria 3d), “an ability to communicate effectively” (ABET Criteria 3g), and 
“the ability to manage an engineering project.”  The survey asked the alumni to rank these four 
outcomes relating their academic preparation to the importance to their professional career.  The 
authors compared the survey results of multidisciplinary alumni to the general population of 
engineering alumni to provide insight into the effectiveness of the multidisciplinary program in 
achieving industry needs. The response rate for the two alumni surveys was 22.8% (n=24) and 
22.9% (n=315), respectively.  
 
Overall, the authors observed that the multidisciplinary capstone respondents recognized the 
program as providing reasonable academic preparation for the four learning outcomes when 
comparing them to the importance to professional career ratings.  When comparing the 
multidisciplinary respondents to the general population of engineering alumni, the 
multidisciplinary alumni rated all four outcomes higher in importance and preparation when 
compared to the general engineering population.  
 
The authors also discussed their continuous improvement concepts to help improve the student’s 
capstone experience and to better prepare them for their future professional careers. The authors 
are introducing new curriculum delivery concepts, emphasizing design concepts and extending 
the length of the industry-sponsored project. 
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Appendix 
Table A-1: Sample of Oral Presentation Rubric 

 
 

Oral
 presentation

• Speaks directly to audience
• Well-rehearsed
• Keeps audience's attention                                     
• Smooth transitions between speakers

Information
Flow

• Strong intro (good "hook") 
• Good structure and logical flow of information
• Good conclusion
• Discussion of next steps

Physical 
Slides

• Graphically pleasing layout
• Good use of graphics, sketeches, photos, etc. 
• Easy to read with simple, bulleted lists
• Good grammar and parallel structure

Question
Response

• Serveral team members respond to questions  
• Understand and repeats question for 
clarification
• Give logical and complete answers
• Does not require follow-up, clarifying 
question

Message 
Content

• Includes all content from outline
• Technically sound content
• Information supported by good engineering 
design

Time 
Limit • Within 5% of time limit  

• Presentation not rushed
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Table A-2: Sample of Written Documents Rubric

 

5 4 3 2 1

5 4 3 2 1

5 4 3 2 1

5 4 3 2 1

5 4 3 2 1

5 4 3 2 1

Professional 
grammar

• Strong sentence and paragraph structure
• Use of active voice and present tense
• Correct grammar including spelling, correct use of 
words, correct punctuation, etc.  
• Good transitions between paragraphs and sections.  
• Good use of parallel structure.

Flow/
readability

• Strong introduction, sets the stage
• Logical progression of thoughts
• Continuity between each section

Coherent
Message

• Addresses targeted audience
• Easily understood message
• Good use of graphics, figures, tables to support text

Technical 
Content • Addresses all technical content from outline

Layout • Includes cover sheet, updated revision block, appendix
• Correct bibliography
• Follows outline correctly.

Rewrite
Effectiveness • Responds to comments

• Makes corrections throughout document P
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Table A-3: Sample of Survey Questions 
 

Multidisciplinary Engineering Capstone Program Survey Questions: 
 
1. What year did you take Engineering 659: Multidisciplinary Capstone Program? 
 
2. What is your current employment status? 
 
3. In what program did you earn your bachelor’s degree? 
 
4. Did you have any non-engineering students on your team? 
 
5. Rate its importance to your CAREER (1-Extremely Important to 5-Not Important)? 

a. Design and Conduct Experiments 
b. Analyze and Interpret Data 
c. Design a system component, or process to meet a desired need within realistic 

constraints 
d. Function on a Multidisciplinary Team 
e. Function on a culturally and ethnically diverse environment 
f.  Manage an engineering project 
g. Identify, formulate, and solve engineering problems 
h. Communicate effectively orally in presentations, meetings, etc. 
i. Communicate effectively in writing letters, technical reports, etc. 
j. Recognize the need for and engage in life-long learning 
k. Use techniques, skills and modern engineering tools 
l. Use computing technology 
 

6. Rate its Contribution to your preparation resulting from your CAPSTONE EXPERIENCE (1-
Extremely Helpful to 5-Did Not Contribute)? 

a. Design and Conduct Experiments 
b. Analyze and Interpret Data 
c. Design a system component, or process to meet a desired need within realistic 

constraints 
d. Function on a Multidisciplinary Team 
e. Function on a culturally and ethnically diverse environment 
f.  Manage an engineering project 
g. Identify, formulate, and solve engineering problems 
h. Communicate effectively orally in presentations, meetings, etc. 
i. Communicate effectively in writing letters, technical reports, etc. 
j. Recognize the need for and engage in life-long learning 
k. Use techniques, skills and modern engineering tools 
l. Use computing technology 
 

7. Did the Capstone Experience help . . . 
a. Have a successful interview 
b. Obtain your first job after graduation 
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c. Transition into your first job assignment 
d. Provide career advancement opportunities 
 

8. Would you recommend the Multidisciplinary Capstone? 
 
9. Why or why not in regards to your answer in Question 8? 
 
10. How could we improve the MULTIDISCIPLINARY CAPSTONE experience? 
 

P
age 24.560.17


