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Abstract

Teams have been an integral part of engineering education for decades.  However, the teams organized for classroom projects usually consist of a group of students brought together by friendships with a common goal to pass the course.  Even if the students are united for a loftier purpose with common interests and the additional goal of producing an award-winning design, there is an opportunity to provide the students a more organized approach to having a successful team experience.  This paper provides insight into the behavioral dynamics of an engineering team and how an instructor may better coach his teams to meet this goal.

Introduction

Peter Capezio in his book Winning Teams defines a team as “a group of individuals working together for a common purpose, who must rely on each other to achieve mutually defined results.”  For an engineering project in a classroom setting, a team often takes on the characteristics of a group of individuals brought together by friendship, with a common goal to pass the course.  They either have never worked as a team before or if they have, their experience was probably like that of a high school group project.  

The students come to the team with different skill sets, which is a positive attribute, but with little or no coordination of these skills.  The team members have conflicting, class and personal, schedules that often make it difficult to meet on a regular basis.  They generally have no formal training in what is required to gain a high performance team.  They possess some management skills and a day planner but no experience in how to use these tools in a team setting.  In short, the whole team experience may end as a disaster or be lackluster at best.  

The history of self-directed teams probably goes back to the Neanderthals.  Certainly if a small group of individuals was going to kill and eat a very large animal, teamwork would be required.  During the 1950’s the British utilized the concept of self-directed teams to empower their workers and improve productivity.  Many companies in the United States were faced with restructuring and downsizing during the 1980’s and they too turned to a team structure to improve productivity.  The employees of these companies who survived downsizing and layoffs also found themselves working in a new and strange environment.  The number of supervisors and “bosses” decreased, as well as many of the resources they had once had at their disposal.  Posters begin to appear in the office with new terms like “getting closer to the customer,” “empowering people,” “speed to market,” and “teams, teams, teams.”  Middle management either disappeared or took on new names like “coach” or “facilitator.”  Total Quality Management (TQM) became another new buzzword.  

To engineers, this may not have been quite as drastic a change as it was to other employees.  Engineers were accustomed to working in teams on projects.  However, many times these teams were made up of individuals pulled from different departments.  This could be compared to selecting individuals from several different countries that speak different languages and asking them to write a book in English.  They would eventually figure out the problem and solve it but it would be a painful experience due not only to the language differences but also to the cultural differences.  In the new team culture, engineers were grouped in permanent working teams and given access to information they had never been privy to before.  They were now able to work 
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with customers to set schedules and budgets and were given information on the team’s financial performance.  If schedules were not met or budgets exceeded, the fingers could only point inward.  There was no one outside the team to blame. If schedules were met and budgets were on target, the team knew it was responsible and celebrated this success.  Teams were good!  

With such a heavy reliance on the team function in industry, it seems that some emphasis on team dynamics would be beneficial in our engineering curriculum.  How this could be integrated into the typical curriculum leaves a lot to interpretation but it is the opinion of the author that training in this area would greatly enhance our student’s success in their educational pursuits and ultimately in the job market.  The purpose of this paper is to provide some background information on engineering teams as well as advice on how this information could be infused into a classroom setting.

Team Classifications

There are several types of teams that engineers may encounter in their work experiences.  Examples of these team categories include natural work teams, cross-functional teams, hybrid teams and corrective action teams.  

A natural work team in an engineering consulting office might include the members of a department such as the Mechanical Systems Department.  The members of the team share the function of producing the mechanical design of some system.  The team is probably made up of individuals with different skill sets, e.g. project managers, senior level engineers, entry level engineers, CAD staff and even clerical staff.  However, their joint assignment is to produce a complete, constructible design at a level of quality established by the firm.  They may also have to coordinate with other departments to achieve their goals.  

A cross-functional team is made up of individuals representing significantly different functions.  Returning to our example of a consulting engineering firm, a cross-functional team could be structured by assigning members to the team from the Mechanical Systems, Plumbing and Fire Protection and the Electrical Departments.  This team would be assigned a project to complete.  These types of teams are problematic in nature because the three departments listed above may have different goals, values and ways of evaluating the firm’s definition of quality.  

Hybrid teams are more ad hoc in character.  These teams are comprised of volunteers or groups of individuals who meet independently to work on a project.  As an example, the consulting firm described above might ask for volunteers to form a team to study the firm’s method of working with standard detail drawings.  The team may be made up of several engineers, a representative from management, and a group of CAD designers, with the task of improving the quality and productivity of the firm through the standardization of drawing details.

A corrective action team is usually a very short-lived organization.  The team members are generally selected by management and are given the specific assignment of solving some organizational problem.  The team usually disbands when it has provided its recommendations. 

The teams organized in the engineering classroom setting would probably be best categorized as  natural work teams.  Some engineering colleges offer an IPPD program, which brings together engineering students from different departments to form a team to work on a single project.  The cross-functional team more closely models this IPPD team organization.

Team Development

There are many ways to describe the behavioral characteristics of a team.  The ultimate team would be the mature and seasoned, self-directed team, an established performer.   This team would exhibit the following characteristics:

1. Team members trust each other, work in harmony and respect each other.

2. Team members acknowledge that they have different capabilities and react differently to team dynamics.  They are capable of resolving their differences.

3. Team members demonstrate self-confidence in relating to others and in completing tasks

4. The team has developed values and have established a methodology for working together and making decisions

5. Team members are working at their highest level of productivity and are exhibiting synergy in meeting goals.

Of course this level of team functioning does not develop in a matter of a day or two.  There are some “self-directed” teams that may never reach this level of maturity.  One of the difficulties that management faces in working with teams is to recognize that a team has a life of its own.  With good mentoring and leadership, the team can mature to a level very close to that indicated above.  However, teams are often born out of necessity to work on a specific project and have to evolve through a very complex and often painful metamorphosis from an infant state to an adolescent state to the final “well-oiled”, fully functional mature state.  

When the team is initially organized, members find themselves in what might be called the “infant” stage of team development.  The members spend some time getting to know each other.  They may actually be excited about being on this team and their level of enthusiasm is high.  They are very interested in being engaged in the goals and objectives of the team.  They may begin to posture in such a way to define their personal identities and function on the team.  They are probably not too interested in establishing any values for the team at this point and are strongly dependent on the team leader or coach for direction and support.   Their organizational skills are minimal.

Later in the development of the team, they realize that the honeymoon is over and now they have to actually produce results.  There is conflict and confusion and team morale plummets.  Team members are establishing competing priorities and sometimes boldly going where no one else wants them to go, or taking action without telling the others on the team.  They may have developed team values during the first stage of development but now the pressures of producing are causing some team members to abandon these values.  The quality of their work may suffer.  Some members of the team may break off into cliques.  Tension, conflict and strained emotions are common occurrences.  This is the adolescent stage of  team development.  It is important for the team leader or coach to recognize this stage of development and to help the team move quickly through this stage.  As with real adolescence, there is much that can be learned during this stage.  Being able to recognize the symptoms and make corrections quickly will help the team members in the future when assigned to other teams.  The team leader or coach needs to place equal emphasis on task and behavioral adjustments.  The team must step back and focus on the goals, the values and their personal responsibilities to help the team progress.

As the team moves through the previous stage of development, the team members begin to realize the importance of keeping their fellow team members informed, making deadlines, using the resources of the team to make their job easier and developing trust in their team members.  The team members step up to ask for more challenges, wanting to be cross-trained so they can understand what other team members can do and are better able to assist the team with a variety of tasks.  Relationship development becomes as important if not more important than task behaviors.  To an outsider looking in, it appears that  a fully functional team exists.  The team now functions like a young adult.  

To move to the next stage, the ultimate, fully functional, established performer possessing the characteristics described above, the team leader or coach has to continue to stress training and behavioral development.  The ultimate performer will demonstrate a high level of productivity, autonomy, initiative and cohesion.  The team not only knows how to get the work done efficiently but also what to do to continue the relationship development,  integrate new members into the team, release members to other teams and develop new leadership.  

Experience has shown that the timing may vary as teams move through each of the stages.  Some teams may even slip back to an earlier stage of development.  Some teams get stuck in stage three, the young adult phase and need considerable experience and continued encouragement and training to reach stage four, an established performer.  The life cycle of the team is greatly affected by the external coaching of the team and the internal leadership on the team.

Drivers in Team Development

When put together for the first time and assigned a project, even seasoned team players require time to organize their team.  There are several steps that proven performers take in the mobilization of a team:

1. The team must establish its mission and goals.  The team should discuss these goals and make a commitment to their accomplishment.  If there is some reason that all the team members cannot make this commitment, then the goals need to be re-evaluated.  

Let us consider an engineering project assigned in a class.  The instructor sponsoring the project would like a group of mechanical engineers to provide a design for a primate environmental enrichment device (i.e. a device that will provide some level of entertainment and stimulation for a monkey in a cage).  The instructor establishes the need, provides the necessary technical information to assist the team in the development of the project and provides constraints on the sales price of the device.  The instructor would also like a working prototype.  The team has been given the scope, cost and schedule.  However, in evaluating the mission and goals, the team members determine that they are all willing to commit to a complete design and cost estimate but are constrained by the schedule and cannot commit to a working prototype so the team approaches the instructor with its plan and schedule and negotiates a revised scope.

2. After the team has finalized the mission and goals of the project and all members are committed and have determined their responsibilities in implementing the project, the team must then consider its structure.  The team should select a leader and determine the role of the team leader as it pertains to the composition of the team and the its mission.  The team can determine other functional requirements for the team and make assignments.  Each member should have a clear understanding of his or her role on the team.    

3. It is important that the team members comprehend that they are part of a very unique structure, the team, and that measures must be in place to monitor progress not only of the team’s technical accomplishments but also its success as a team.  Using the team working on the environmental enrichment device as an example, it is important for the team to establish norms and values to maintain throughout the design process.  The team might put together a checklist indicating the various objectives, both technical and functional, that it will monitor.  The list might include certain values such as quality and responsibility and norms such as requirements for meeting attendance, note taking, etc.  

4. As the work progresses and the team begins to develop its project, most certainly other forces will come into play and the well-organized plan may begin to unravel.  The team may have developed to a fairly advanced stage but these outside forces can cause the team to backslide, possibly regressing to the adolescent stage of development.   If the team understands its dynamics, it can respond to these forces in a positive fashion and maintain its productivity.  At this point it is extremely important for the members of the team to understand the behavioral aspects of team progression.  They will need to focus more on this than the technical progression until the team can reorganize its goals and schedule.

5. At the end of the project, the team should take time to celebrate and to critique its success.  It is important to take the time for this self-evaluation of the team’s performance, both technical and behavioral.  This is a learning experience that is strongly emphasized in industry and is just as important in a classroom setting.

Teams in the Classroom

The use of teams to work on projects in a college engineering course has been in practice for decades.  The complexity of the project may range from a two-week assignment to a year-long design and construction project.  Generally it is very difficult for an instructor to quickly evaluate the make-up of the class and make intelligent team assignments.  As mentioned previously, the teams usually evolve by groups of friends joining together and deciding that they want to work together on the class project.  The team size is often constrained by the instructor.  

It may be very difficult for the instructor to play an effective role in the team make-up but the instructor can dictate the team size, which in part can determine the team dynamics. If an instructor can visualize how the project team might work and how it might structure itself, then the instructor can select a team size that will force the team dynamics to play a positive role in the development of the project.  

To move to the next level, an instructor could develop a questionnaire to be utilized to obtain information useful in assigning class members to specific teams.  This would be a very challenging task.  Most campuses have strict regulations governing the use of questionnaires with students.  Under these circumstances, structuring such a questionnaire for a specific project in a class with a mixture of upper division engineering students would be very difficult.  Team selection can be effectively implemented in a typical work environment by having the management appoint a committee comprised of a cross-section of employees and assigning this committee the job of selecting members for each team.  This would also be a very difficult model to apply in the classroom setting.  In summary, the instructor may have to rely on selecting team size to introduce some diversity in the team make-up.  A minimum team size might be five members.  An odd number of members facilitate decision-making (voting) that might take place.  Five would probably force most groups driven by friendship to bring in someone from outside their comfort circle.  

After the teams are organized, the instructor essentially becomes a coach for the team in addition to providing technical assistance as required.  This role of coach can be greatly enhanced if there is a common set of values and goals within the engineering department on team development.  In any given course, the students making up the team come from a diverse background of team experience.  If the department has developed an operational manual on team organization and dynamics and provides this manual as a resource every time a team is required for a course assignment, then there could be a consistent strategy for students to follow in setting up their teams and working toward a successful team experience.  This manual could be provided on the department website to facilitate the dissemination to students.  

The following outline would be a starting point for setting up such a manual:

1. Introduction 

a. A statement of the department’s policy on teams in classrooms

b. The definition of a team and how this definition relates to the various courses and projects in the curriculum

c. A discussion on the history of teams and the types of teams used in industry and how this relates to the teams used in classroom exercises.

2. Team Development

a. A discussion of the various stages of team development, providing the characteristics of each stage 

b. A primer on how to set up an effective team with discussions on the role of the team leader and the coach

c. Questionnaires to use in selecting individuals for a team and evaluating the stage of development for a team

d. A discussion on how a team can improve its internal and external development as a team

e. A questionnaire for use at the end of the project to evaluate the effectiveness of the team and what could have been done to improve its performance

3. Team Tools

a. A list of scheduling tools that can be used by the team and team members to keep the project on schedule

b. Guidelines for holding effective meetings with sample attendance rosters, meeting minutes, project notebook entries, etc. 

c. A list of references (some of which could be reproduced in an appendix to the manual) on team dynamics, communication skills and behavioral evaluations.

In summary, the author believes there is an opportunity for instructors in engineering courses to improve classroom team performance and at the same time provide essential training on team dynamics that will enhance the students’ performance in industry.  With a relatively small investment in time and resources, a department could provide an invaluable resource in the form of an on-line policy or operational manual for teams in the classroom.

References

Ankarlo, Loren (1992) Implementing Self-Directed Work Teams, Career Track Publications, Boulder, CO

Capezio, Peter (1998) Winning Teams, Career Press, Franklin Lakes, NJ

Fisher, Kimball (1993) Leading Self-Directed Work Teams, McGraw Hill, New York, NY

Shaw, M.E. (1981) Group Dynamics: The Psychology of Small Group Behavior (3rd ed.), McGraw –Hill, New York, NY

Herbert A. Ingley, Ph.D., P.E.

Ingley is an Associate Professor in the Department of Mechanical and Aerospace Engineering at the University of Florida.  Ingley joined the faculty in 1972 and served in a full-time capacity until 1983 when he formed a consulting firm, Ingley, Campbell, Moses and Associates, Inc. (ICM) He served as CEO for this firm until 2001.  During this time he continued to teach courses at the University of Florida in Consulting Engineering Practices, HVAC and Hydronics.  He sold his business in 2001 and returned to the University of Florida to teach and perform research in the HVAC field.  During his tenure at ICM, he led the conversion of the firm from a traditional departmental structure to a fully functional, self-directed team structure.   

ASEE Southeast Section Conference

1

