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Given the majority of product cost is determined in the design phase, the value and use of cross- 
disciplinary design teams is becoming increasingly common in industry. Therefore, as educators, 
it is imperative we educate our students how to function effectively in these new environments. 
The opportunity for students is to threefold: 1) learn to apply their disciplinary skills and 
knowledge to the task, 2) work effectively with other disciplines and 3) leverage these differing 
perspectives to create a better solution to the problem. 
 
We know that working in teams is not easy especially with groups that are very diverse. Team 
research (Lovelace, 2001) informs us that heterogeneous teams generate more conflict and are 
less able to reach goal consensus, in part because of their differing product lens and disciplinary 
cultures. For example, a marketing person in a development project focuses on a fit between 
product features and articulated customer needs and might measure product success by market 
share gains. In contrast, designers emphasize the user experience, ergonomics, and aesthetic 
value of a given solution as measured by product appeal, peer recognition, and individual 
satisfaction. Moreover, the engineer seeks to maximize performance attributes and create new 
technologies preferably that result in patents. While each function seeks to enhance the user’s 
benefit from a new product or service, they approach the problem and the solution in somewhat 
different ways. These differences can be both productive and destructive.  
  
Cross-functional or interdisciplinary teams facilitate product development in that they bring 
together persons from different disciplines and functions that have pertinent expertise to apply in 
developing and commercializing an idea. In this cycle, each discipline contributes to an 
integrative and mutually informative conclusion through its specific lens (Mansilla, 2006). This is 
accomplished through focusing on disciplinary integration, or the conversion from silo product 
development to transdisciplinary product development. In a transdisciplinary team, individuals are 
seemingly more open to creative solutions due to the influence of multiple perspectives and the 
ability to effectively communicate relevant criteria. Team members are also more confident that 
the functional needs are addressed in a timely and collaborative manner since cross-disciplinary 
input happens early and often. Thus, these new transdisciplinary structures produce new 
products faster, at lower costs and with a better fit to customer needs. 
 
The challenge for educators is two fold. First, how do we create a multidisciplinary experience in 
a traditional disciplinary curriculum? And second, how do we manage such an experience so that 
students build stronger disciplinary competencies, appreciate functional differences and with that 
added knowledge develop new insights for a better outcome. Thus, this paper addresses the 
following issues; does simply putting disciplines together on a team and providing a specific 
product design problem enable a more transdisciplinary product development experience? If not, 
what team organizational and management processes contribute to a more efficacious 
experience? And finally, why do some teams have more conflict and an inability to reconcile 
perspectives than others, and what processes or procedures are useful tools to mitigate 
unproductive discord? 
 
Using case studies from the Medical Device Innovation and Entrepreneurship Program at the 
University of Cincinnati, we demonstrate how implementing team formation criteria can facilitate 
the alignment and realization of individual and team goals, enhance personal commitment toward 
the project outcomes, reduce unhealthy team conflict, and increase consensus building. In this 
paper, we compare eight teams comprised of engineering, business, and design students each 
ranging in size from 3 to 9 students per team. Each team was required to produce both aesthetic 



models and functional prototypes. Teams worked together for 6 to 9 months with varying degrees 
of project success and overall personal satisfaction. 
 
From our experience, we ascertain that contrary to conventional wisdom, teamwork is not a virtue 
in itself. Rather it is a strategic choice of individuals who make up the team and not unlike 
adopting a new methodology. And certainly when it is properly understood, implemented and 
adopted by all, it is a powerful and efficacious tool.  
 
Multidisciplinary Experience 
 
On virtually every college campus today, an exciting opportunity exists to move beyond traditional 
discipline or college-based curriculums and create multidisciplinary experiences. The challenge 
for these schools is to not only identify programs that would benefit most from this integrative 
educational approach, but also to learn how to create and effectively manage such pedagogies. 
Given the newness of this approach, paradigms do not exist to guide program development. 
Thus, we share these lessons, especially those that apply to team composition and management 
concerns. Specifically, we address the following: 
 

• Does simply putting disciplines together on a team and providing a specific product 
design problem enable effective product development? 

• What are the attributes and/or activities of these teams that allow for a more efficacious 
experience? 

• And, finally, why do some teams have more conflict than others and an inability to 
reconcile their differences? 

 
In the following sections we focus on fours topics to address the questions: 1) team formation 
criteria, 2) developing goal consensus and 3) trust among team members, and 4) steps toward 
transdisciplinary education. 
 
Overview  
 
The cross-disciplinary teams that are described in this paper are part of the Medical Device 
Innovation and Entrepreneurship (MDIE) program which is comprised of students, faculty and 
curricula from four University of Cincinnati colleges; Engineering, Medicine, Business and Design, 
Architecture, Art and Planning (DAAP). This program in its current form has been in place for the 
past 3.5 years. Each college has an educational component in the program that satisfies 
curricular and cooperative education requirements. However, only the Biomedical Engineering 
students are required participate in this program and students from the other disciplines enroll in 
this course as an elective or an overload.  
 
Nature and Source of Projects 
 
Studio/lab availability 
 
While our facilities in regards to a lab/studio space have evolved over the past few years, each 
design team had space available to them to complete their project 24/7. In addition all teams 
have access to clinical staff and facilities including the ability to validate their design in animal and 
cadaver labs. In the following image, students perform hernia repair in an animal lab after 
observing surgical resident training.  



 
 
Faculty Diversity 
 
Faculty involved with the student teams has largely remained the same with two biomedical 
engineers, one industrial designer, and one business professor interacting with the teams on a 
regular basis.  
 
Meeting Regularity 
 
Meeting times for the design teams varied from one year to another. For the first two years the 
design teams met two days a week for a total of three hours and were expected to meet outside 
of class time. It was discovered, however, that scheduling a regular time for the students to work 
as a group proved challenging as each had their other core curricular requirements. Our solution 
was to increase the class time and require the students meet in the lab three days a week for two 
hours of class time. While this class time is not uncommon for designers, it is culturally different 
for the business and engineering students. 
 
The table below shows a description of the projects, team composition, and outcomes from the 
past three years.  
 
Table 1. Teams and their projects. 
Design Team Program 

Year 
Number 
of Team 
Members 

Team 
Selection 

Project 
Length 

Functional 
Prototype 

Conceptual 
Model 

Usability 
Test 

1 Robotic 
Surgery 

1 6 Faculty  6 
months 

Yes Yes No 

2 Transcranial 
Ultrasound 
Thrombosis 

2 3 Faculty  6 
months 

No Yes No 

3 Ventral 
Hernia 
Repair 

2 7 Faculty 9 
months 

No Yes No 

4 Robotic 
Dissector 

2 3 Faculty 9 
months 

Yes Yes No 

5 Laser Guide 
1 

2 5 Faculty 9 
months 

No No No 

6 Laser Guide 
2 

3 4 Faculty & 
student 

6 
months 

Yes Yes Yes 

7 Intubation 3 5 Faculty & 
student 

6 
months 

Yes Yes Yes 

8 Endocardial 
Thermal 
Monitor 

3 3 Faculty & 
student 

6 
months 

Yes Yes Yes (2x) 

9 Aortic 
Aneurysm student months 

3 7 Faculty & 6 Yes Yes no 
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students would be best for each project (teams 1–5 in Table 1). In the selection process, the 
faculty largely relied on previous course experience with students and overall academic 
achievement scores. The team formation criteria centered on assembling a well-based te
appropriate technical skills for the project and identifying at least one person that might be willing 
to take a leadership role. Each student was discussed in regards to demonstrated leadership and 
whether they had expressed interest in leading a team, but not which problem they desired most 
to solve.  
 
T
and a seemingly already unified group, we placed students who were close friends on the same
team. The result was a difficulty in focusing their efforts to actually get work accomplished. Rathe
the project was viewed lightly and the mantra “D is for diploma” was adopted by some of the 
members. The most significant shortfall centered on project commitment. These different 
expectations manifested themselves in several ways. First, at the middle of the second we
class, students requested to switch teams. These requests should have been our first indicator o
future issues but they were not fully appreciated. Since we were working on such an aggressive 
schedule and team-building exercises had been completed, students were not permitted to make
a switch. Second, not all team members were willing to meet outside of scheduled class time with 
their team. Given the project goals were ambitious for each group, class time was not generally 
sufficient to achieve a functional prototype. Lastly, some teams did not use class time well. 
Instead, these less teams spent a majority of their time without making the necessary decisi
move forward or simply not being productive. Of the five teams who were formed using our initial 
selection process, only two achieved a workable prototype and none of the teams were able to 
conduct subsequent usability evaluations.  
 
R
team selection process to address the commitment and goal disparity issues. In the second year 
students were asked a series of questions to determine relative skill levels as well as interest in 
each project offered (See addendum). While this delayed work for the first week of class, it 
enabled us to create teams with similar project interests as well as an appropriate set of tech
skills. In addition, we asked each student, to identify anyone with which they did would not want 
to work. While they were instructed not to provide a reason, all commented that while they had no
real negative feelings for a particular person they just felt work ethics differed across individuals. 
Most wanted to be paired with those that had similar goals for the class.  
 
T
demonstrate that functional prototypes and usability evaluations can be accomplished in t
given amount of time and with the correctly motivated team. Teams 6-9 achieved a substantia
improvement in team experience. 
 
T
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application. Each team was required to determine the intermediate goals throughout their 
individual design process. For team 1, our first year, the project was slightly unwieldy and t
goals did not get fully realized until mid winter quarter. Even though this team had strong 
leadership, we as faculty failed to provide clear expectations beyond the problem solved. T
remedy this in the following year, more structure was provided in regards to design process a
proven path to success. Teams were still responsible for interim goals and deadlines but the work 
tended to largely happen just before deadlines imposed by the faculty. In this instance the 
students spent more time preparing their presentations and less time planning their solution



These teams (2–5) were more successful as a whole, but were heavily faculty lead and studen
absorbed. To improve the development and realization of the goals sooner in the following year, 
teams were provided further research concerning their clinical problem as well as a proposed 
goal for the interim and end of the quarter. Deadlines and weekly goals were determined by the
students and agreed upon by each team member. This proved to be a better system and a more
balanced approach; however it does require more preparation than just a typical design problem 
statement.  
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eam Trust 

rust was not assumed; rather, it was earned through individual participation. This meant that 

eadership also contributed to team trust. For the majority of teams, both faculty and student lead 
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faculty. This proved difficult as teams were given tough problems to solve and generally had li
experience in building a working prototype without external assistance. As the program has 
evolved so has the requirements of communication between the students as well as the stud
and faculty. The first year, no formal communication method was implemented and for the most 
part this was acceptable until teaming problems arose. This became a challenge as the faculty 
would be unaware of the problems until it was almost too late. In the second year, listserv’s were
used and all the professors were copied on all communication between teammates. This provided
great insights for the beginning of the year but as the project progressed it became unwieldy 
because non-relevant emails were a significant part of the mix. It also became difficult to asse
individual participation as each email communication had varying levels of importance to the 
project. For the third year, we implemented weekly status reports. Although this is somewhat 
busy work, each team member was responsible for providing paragraphs describing their 
individual contribution to the team. This was a great grading resource as it became obviou
who were not interested in participating had nothing to contribute. In addition to the individual 
progress the teams were required to determine goals for the week, list achieved goals, 
outstanding issues, or question requiring faculty assistance, as well as their remaining b
The most successful teams rotated the person responsible for sending the email with this 
information thereby improving knowledge of what the other teammates have accomplished
towards meeting the teams goals. 
 
C
the team members. For engineering students this is a new culture. For the majority of their 
courses, they are required to memorize and problem solve using mathematics rather than 
creative free thought. For designers, free thought and verbal opinion is second nature. Bein
passionate about design beliefs is commonplace. To have these open discussions between th
disciplines, conflicts between team members had to be resolved. Without conflict resolution 
students would behave independently and without regard to the team goals thereby destructi
efforts both intentionally and unintentionally. For example, in our first laser guide team, engineers
were designing to meet a bump force for the entire device that the industrial designer believed to 
be too high. Instead of compromising and negotiating the team stifled, the ID student moved 
forward in their own direction, and the engineers moved in another. The result of this was grea
concept sketches from the ID and great analysis from the engineers, but the problem of designing 
and building a functional laser guide was nonexistent.  
  
 
T
 
T
when students came to class on time and prepared they gained the respect and trust from their 
peers. Trust was also gained through willingness to make extra efforts to meet with the clinical 
staff and/or assist others in achieving their goals rather than their personal responsibilities. 
 
L
team selection; those students with natural team leadership abilities were selected to direct the 
teams. In some instances the leader was well respected and liked by their peers. When team 



members did not contribute as expected or up to the level of quality for the leader, problems 
arose. For example, here is a quote from a team leader:  

 
“I’m not sure if I should lead my team…. it seems that Joe only wants to play video poker 

pull 

The team struggled through the first quarter and the team leader and Sara did complete a large 
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thnographic Techniques 

o facilitate project retrospection and learning, all students were briefed on ethnographic 
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esign for Medical Devices (MD) 

ne of the regulatory requirements for medical product design is the need for diligent record 

 

roblem-Solving Yin and Yang 

nother challenge in medical device design is capitalizing on the disparate ways each discipline 

ppreciation of Functional Strengths 

ecognition of the value each function brought to the table was another enabler of effective 

 for many 

plex 

and has plans to make millions, Jake is only interested in heading off to medical school, 
Amar has difficulty communicating and I feel he is at times from another planet which 
leaves only me and Sara to do the work…. how can I possibly motivate everyone and 
them together?... .I’ll just do it all or re-do what is given” 
 

majority of the work. The team did not fully believe in their concept even after building the first 
prototype and through initial testing they still had doubts and a lack of motivation. A key event 
occurred, a cadaver lab where success was proven and the team instantly became cohesive an
motivated. Lessens learned from this team include the ability to delegate for the team leader and 
have faith that others can complete a task at an acceptable qualitative level. 
 
B
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techniques such as journaling, preparation of interview guides and developing observation
protocols. These techniques helped students identify what they hoped to accomplish from the
activities and then self assess learning. Case in point, when teams prepared for user interviews 
they made better use of scarce physician time and were able to better drill down to critical clinica
requirements. Since the functional training for most students does not typically include significant 
user interface, developing preparatory materials forced them to fine tune their inquiries.  
 
D
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keeping. In this industry, regulators say that if it isn’t written down it didn’t happen. While this 
documentation step is second nature for most engineering students, designers, and business 
students are not accustomed to this level of detailed record keeping. Indeed, the challenge was 
not only to encourage all parties to record all project steps and observations, but also to use lined
paper, an almost cultural anathema for designers!  
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A
approached problem solving. For example, most would agree that engineers think in what might 
be described as a highly linear and causally linked form. In contrast, most designers are typically 
lateral or free thinkers. Helping teams develop an appreciation for the merits of each approach 
was vital to the “feeling” of success and contribution for the team members.  
 
A
 
R
transdisciplinary learning. While it’s relatively easy to understand and assess your own 
contribution, it can be more challenging to value another approach. The “ah-ha” moment
of these team members occurred during the twice-quarterly technical design reviews. At these 
sessions, teams presented their design progress to a panel of multidisciplinary faculty. We 
observed that the engineers marveled at the industrial designer’s ability to communicate com
procedural diagrams coupled with new device concepts (see following image). 
 



  
 
In contrast, the engineers could provide empirical tests of the technical and clinical advantages of 
one design or material over another. Both of these capabilities were important pieces of the 
project goal and ultimate success of the proposed design. For example, the intubation team 
(Team 7) conceptualized several different product designs using various materials and then 
tested these prototypes in a clinical setting. The result of the tests proved that only hard materials 
would work for this specific application. The design, prototype development, and testing steps 
required the skills of several functional disciplines to arrive at an effective solution. (See following 
image.) 

  
 
 
 



Conclusion 

earning transdisciplinary product development is inherently complex and combines the learning 
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ransdisciplinary teams must learn to balance tensions between the disciplines while attaining 
 

uccessful teams also learned the priorities of their functional partners. Effective dialogue 
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lear goal setting facilitated by faculty but ultimately defined by the student teams was required 

ilos in industry and education are barriers between the disciplines and cause people to work 
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he transdisciplinary evolution of learning, http://www.learndev.org/dl/nicolescu_f.pdf
tier. 

 
L
approaches from each participating discipline while adding new ones. Success in this type of 
learning environment is directly related to the ability of the faculty and students to both apprec
and leverage differences. Thus, while what makes a product design good for each discipline 
generally differs, the overarching goals of a successful product remain the same.  
 
T
appropriate compromises that are acceptable to each discipline. Moreover, these compromises
must not violate the central tenets of any one discipline. As teams learn to manage and resolve 
conflict, we believe they will gain a better appreciation for the strengths and weaknesses of their 
choices and ultimately develop better-vetted solutions and products.  
 
S
between each other required they each learn the language (terms), tools, and techniques th
were building blocks in each curriculum. While admittedly they only began to scratch the surfac
of learning each other’s disciplines, just developing a foundation for a common language, 
common metrics and common objectives was a key step toward effective problem solving.
 
C
for consistent success and motivation. Project goals and compromises made without buy-in by 
the team designers and implementers will result in poor outcomes both in industry as well as in 
education. Without clearly articulated and agreed upon goals, teams seemingly “spin” their 
wheels and move in unproductive directions.  
 
S
against each other rather than together. The result is divisive rivalry, loss of productivity, anger,
and frustration by individual team members with seemingly unwinnable battles. Colleagues both 
in academia and industry who respect each other and understand the tenets of the participating 
disciplines can move forward and accomplish a more productive and satisfying experience. In the
future we hope to continue to build the program, our faculty team and dive deeper into the 
intricacies of multidisciplinary product development, thus blurring the lines between function
without destroying the fundamental disciplinary tenets. 
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Addendum 

edical Device Innovation Program: Team Selection questionnaire 

1. Please select a project in order of your preference: 

____ 

 
2. Please rate your skills. (It is OK to admit you are weak in a certain area, our goal is to 

 
Rating Level of Proficiency of Knowledge/Skill  

 
 
 
M
 

a. Laser Guide   _______ 
b. Anastomostic Device _______ 
c. Intubation   ___
d. Hot Max   _______ 

assure that teams have strength in all areas.) 

0 No knowledge 
1 Knowledge without comprehension (awareness) 

2 Comprehension—general understanding and ability to express concepts in 
own words  

3 Application—can use to solve simple problems 
4 Application & Analysis—can use solve more complex problems 
5 Synthesis and Evaluation—combine ideas and make judgments on quality  

 
a. ________Identify needs relative to product design 

linical therapies and 

c. 

e identify 

nt/3D modeling 
r usability) 

 
3. Please list your co-op companies and briefly describe your responsibilities. 

 
4. Are there any classmates you feel you would have difficulty teaming with? (This is a 

 
5. What are your career goals postgraduation? 

ool 
ecify corporation/consultant/start-up, etc.) 

 

6. Do you want a leadership position? If yes, why? 

b. ________Procedural research (identifying various c
reasoning for physician decision making) 
________Write design requirements 

d. ________Mind Map/Creative thinking 
e. ________SolidWorks—Alias 
f. ________Other 3D CAD: pleas
g. ________Sketching/concept illustration 
h. ________Mechanical design 
i. ________Prototype developme
j. ________Writing testing protocols (mechanical o
k. ________Experimental design 
l. ________Analyze results 
m. ________Writing software 

confidential question and your answers will not be shared.) 

a. Research 
b. Medical Sch
c. Industry (please sp
d. Other: Please tell us: 

 

a. Yes 
b. No 



 

 

 
 


