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Teaching Teamwork: A Training Video
Designed for Engineering Students

Abstract

The ability to communicate and work effectively on a team has increased in importance in the
field of engineering as the demands of business and industry have evolved!. Engineers today
report that communication is critical to their success and spend a large percentage of time
interacting with others! and working on teams?. Despite the need for interaction in practice,
industry reports indicate engineering graduates show skill deficiencies in communication and
teamwork®. Due to the importance of these skills, many encourage their integration into the
engineering classroom, suggesting curriculum should emphasize their value and reinforce their
importance in students’ future engineering careers®. Instructors who teach team skills, or who
integrate effective team practices into the design of projects, can set student teams up for
success, maximize their learning, and enhance students’ ability to work on teams in the future.
Teaching these skills can be challenging however, which led us to create a brief research-based
video that integrates research and theory relevant to engineering student teams, from the fields of
engineering education and Industrial/Organizational (1/0O) Psychology, a field that studies
behavior at work. The purpose of this paper is to provide a resource to educators who want to
learn more about the practices demonstrated in the video and how to integrate this learning tool
into their classroom successfully. We discuss the research and theory behind the strategies
modeled and taught in the video, focusing specifically on what instructors can do to improve
team effectiveness throughout a project.

Introduction

Team projects are frequently used in both engineering education as well as industry, yet
teamwork is often fraught with conflict which interferes with a team’s effectiveness and their
ability to produce desired outcomes. Borrego, Karlin, McNair, and Beddoes (2013)?, conducted
a meta-analysis on the use of student teams in undergraduate and graduate engineering and
computer science education. Their meta-analysis, which included 104 articles published
between 2007 and 2012, identified five constructs that are particularly relevant to engineering
student teams and suggested strategies for educators to address each issue. Borrego et al. (2013)
also called for the integration of theory and research from Industrial/Organizational (1/0)
Psychology, a field that studies behavior at work, to better understand and improve teams in
engineering education. Expanding upon the work of Borrego et al. (2013), we created a video
learning tool integrating theory from both engineering education and I/O Psychology, to
facilitate the teaching of team skills to engineering students. This educational resource
incorporates research on team effectiveness, specifically relevant for engineers, along with best
practices utilized at well-known engineering institutions including the Massachusetts Institute of
Technology (MIT), Cornell, and University of California (UC) Berkley.

The five core teamwork constructs identified as critical for undergraduate engineering projects
by Borrego et al. (2013) are social loafing (i.e., lack of equal team member contribution),
interdependence (i.e., task completion is dependent on collaboration), conflict resolution, trust,
and shared mental models (i.e., mutual understanding of roles and responsibilities that guide
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team behaviors). Each of these constructs are incorporated into the video and strategies to
mitigate problems that arise from them are discussed. The video follows a team of four
engineering students through their senior design project, focusing on three key points in any
project; formation, mid-point, and completion.

The medium of video training was chosen due to its accessibility and ease of implementation in
the classroom. Video training has been shown to be equally effective to other training
mediums®, and significantly better than print resources alone®. As a relevant example, a study on
conflict resolution training, showed that video training had a significant positive impact on
conflict resolution, increasing participant solutions, and elevating conflict resolution self-
efficacy’. Training has been shown to impact learning and behavioral change, with training on
interpersonal skills showing the strongest connection to results®. Effective training is directly
related to performance, adaptation, and skills, and indirectly related to empowerment,
communication, planning, and task coordination®. Ideally this brief video would be paired with a
class discussion or a reflection assignment to crystalize learning, similar to the reflection
assignment modeled by the students near the end of the video'®, but the video can also stand
alone as an educational tool.

Individuals are more motivated by work if they believe it to be important to them personally*?,
and receive the most benefit from training when they are highly motivated to learn'?. As a result,
the teaching of team skills and communication, which may seem out of place in the engineering
classroom, must be prefaced with conversation around the importance of these skills for
practicing engineers in order for students to see the message as important. Most engineering
work today is done in teams? and engineers report that much of their time is spent
communicating with others®. As a result, the development of team and communication skills
should be presented to students as a fundamental element of their education, which is critical to
their future success in the field. Instructors can reiterate this message by giving examples in
their classes of engineering teams or experiences they, or other engineers have had working in
teams. Conversations such as these can be integrated throughout the course and can provide an
introduction to the video by communicating its relevance to engineering students. The training
video uses situations and language specific to engineering, but instructors can emphasize this
message, increasing the benefit of viewing the video and the likelihood students will implement
the practices.

Team Formation

Tuckman’s (1965)'2 model of effective teaming has frequently been integrated into programs
designed to address teamwork skills in engineering students and has been used at schools
including MIT, Cornell, and UC Berkeley. The model includes four stages: forming, storming,
norming, and performing. Research has shown that effective teams are typically not quite this
linear, but the model has prevailed due to its simplicity, relevance to team experiences, and
because it normalizes interactions that might otherwise be viewed negatively, such as conflict
resolution®*. The forming stage, in which teams come together, is a critical time that can
significantly influence the project and students’ level of performance. Intentionality in this stage
is critical as teams need to set expectations that will guide their work and ensure they are
working towards the same goals. During the team formation phase, the training video focuses on
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contracting and establishing team norms, to address the constructs of conflict resolution, trust,
and shared mental models. Research has shown that efforts to define team processes and norms
of behavior, including communication and interpersonal interactions, can help prevent conflict in
many situations'4. Establishing norms can also improve team efficacy, or the team’s confidence
in their ability to accomplish their goals, as well as their overall performance®® ¢,

An effective strategy to help students establish norms and expectations for their team is to have
them create a team contract when they begin working together, which can be given as an
assignment. Contracting is beneficial as it encourages them to set goals and provides an
opportunity for them to discuss their expectations and hold each other accountable during the
project. The act of creating a contract and setting goals as a group can increase the chances team
members will share the same mental model, which can reduce conflict throughout the project®’.
Shared team mental models can be described as a mutual understanding of tasks, roles,
responsibilities, and experiences that guide team behaviors®®. An effective way to create shared
mental models is to require project teams to think through these aspects together when creating
their team contract'* *°,

Goals

Research on effective goal setting has been a focus of 1/0 Psychology due to the influence goals
can have on both motivation, and performance. It seems intuitive that it would be hard to
achieve something if you do not understand what it is you are trying to accomplish, and yet
people often skip the step of creating specific goals to focus and define their activities. Goal
specificity improves performance by reducing the ambiguity about what is to be attained'® and
will help students clarify what they are trying to achieve. Effective goals encourage team
interdependence, or the need for team members to collaborate?®. Goals should be created as a
team when possible, which ensures shared mental models, and in turn increases team efficacy
and performance!!. Student teams should be encouraged to create goals at the outset of their
project which will guide their work and help them create a shared sense of direction. Instructors
should encourage teams to set goals that are specific and challenging, yet achievable, as goals of
this nature are more likely to lead to higher performance!!.

When task complexity leads to high levels of anxiety, as is often the case in student projects,
learning goals are recommended over performance goalst. A learning goal is focused on
development and potential, with an emphasis on mastery through effort and strategy, rather than
focusing on achievement?:22, An example of a learning goal is, “by the end of this project, I
would like to have significantly increased my knowledge of subject (X), even if our design is not
perfect.” Learning goals such as this encourage the individual to focus on learning, and places
emphasis on effort. An example of a performance goal, in contrast is, “I want to earn an ‘A’ on
this project.” The problem with performance goals, which are the type most commonly set, is
they prioritize achievement over learning. Thus, students who set these types of goals focus on
maximizing performance to earn a grade instead of making sure they learn the concepts and
skills.

Specifying the end but not the means energizes team members, orients their attention and action,
and engages their talents?3. Instructors who allow teams the autonomy to determine how they
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will accomplish their goals, allow them to draw on their full range of knowledge, skills, and
experience, help motivate them to perform at their highest level?®. Teams should be encouraged
to set goals together, as well as to set individual learning goals which align with the team’s
objectives. This approach can help to reduce conflict and to increase team participation and
commitment. Conflict between personal and team values may result in members pretending to
embrace team values, when in actuality they are less motivated to work on team goals?*. Social
loafing, or the phenomenon that individuals contribute less while working on a team than they
would if working alone,?® ¢ is by no means found only in undergraduate engineering project
teams. Social loafing is an issue that has been identified in teams worldwide, and most often
manifests when individuals lack motivation or engagement?. Research suggests that a team’s
commitment to a common purpose, and a set of specific and actionable performance goals, can
help prevent social loafing?’, which is why contracting and goal setting in the forming stage is
crucial. In addition, instructors can reduce the extent of social loafing by communicating that
team participation is mandatory and specifying how each individual’s contribution will be
measured? 2628 Examples of how to measure individual performance include peer evaluation,
specific task designation and measurement, and instructor observation. In addition, team
members are more likely to be motivated to contribute when their contribution is unique? 2> 2,
This can be accomplished by assigning specific roles? or emphasizing diversity of thought and
experience within each team?: %,

Defining roles during the formation phase can help the team clarify responsibilities and prevent
conflict?®. In particular, designating a facilitator to organize and moderate can help meetings run
efficiently and effectively; while designating a note taker can ensure that important team
information is captured and recorded?®. Different projects will require additional roles that
instructors can help students define and assign within their teams, depending on the needs of the
project.

Another critical aspect which should be emphasized in the forming stage, and included in team
contracts, is the use of an agenda for every meeting. Students often complain that group
meetings are unproductive and a waste of time!’. The efficiency of meetings can be greatly
enhanced with the use of an agenda as it gives structure to the meeting and clearly outlines what
team members should be prepared to discuss. Student teams should be required to create and
distribute an agenda to all team members prior to each meeting'’. The agenda should list the
topics to be covered in the session, as well as the time allocated for each topic. To help students
think about their meetings and maximize their time together, instructors can encourage students
to consider the “Five W’s of Team Communication” when they create each agenda; this tool
emphasizes the importance of establishing who, what, when, where, and why a team will
communicate®®. “Who’ focuses on those that should be involved, ‘what’ looks at the content
communicated, ‘when’ and ‘where’ help the team organize meeting times and places, and ‘why’
clarifies the importance of communication. The individual in charge of the agenda should
announce it aloud to the team at the beginning of the meeting in order to set the meeting structure
and guide their time together.
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Conflict Resolution

Cognitive conflict, or conflict between ideas, can be beneficial for teams as it improves decision
quality and is related to increased understanding, creativity, and interpersonal relationships
within the team3L. It can also help teams avoid the social phenomenon of groupthink where team
members prioritize consensus over independent thinking and critical evaluation of ideas®?.
Interpersonal conflict, however, has been shown to be destructive for decision quality and team
efficacy®’. When conflict occurs, it is more productive and effective to focus on the divergence
in opinions relevant to the task, rather than on interpersonal issues®*3°. Stress and anxiety from
conflict can have physical consequences, trigger the fight-or-flight response, and disable
rationale conversation®®. Therefore, it is important for team members to remain calm and tactful
during conflict, and to focus on the content of the ideas, which allows for better understanding of
the rationale behind differing opinions and resolution®*. In addition, students should be
instructed to revisit their contract and team goals when conflict arises to see if they included any
provisions about how they would handle conflict. Team members may also find that certain
goals or aspects of their contract need to be redefined in order to overcome the conflict and
prevent it from arising again in the future®’.

Mid-Point Check-In

Revisiting the team’s contract is a valuable activity both when conflict arises and at the mid-
point of the project where an assessment of the team’s progress and processes can facilitate
project completion®®. A mid-point check-in is critical to a team’s success for several reasons.
One is that it causes teams to pause and reflect on what is working and what is not, allowing
adjustments to be made, rather than reaching the end of the project and realizing things could
have been done more smoothly. At the beginning of a project, it is difficult to know every aspect
that will need to be contracted or the actual scope of the work. By the mid-point, teams have a
better idea of what the work entails and how they work together, allowing them to make
necessary adjustments. When instructors introduce a project, they can inform the class each
team will do a mid-point check-in, which will give them a chance to reflect on their progress and
processes, and make changes to help them complete the project. Groups should be encouraged
to make changes to items in their contract or processes that are not working, and to think about
what they are doing well, so they can capitalize on their strengths. Instructors could give
students a portion of class time to meet with their teams and perform the mid-point check-in or
could require each team to turn in a revised contract or work plan based on their conversation.

End of Project

Reflection is important not only at the mid-point, but also at the end of a project, as it helps
students synthesize their learning and make changes moving forward. A key criterion of team
effectiveness is individual learning and well-being?®. One of the most effective ways to capture
learning through experience is to intentionally reflect on what is being learned either during or
immediately after the experience® 3. An example of a reflection assignment would be to have
each team member write about what they learned in relation to the concepts being taught. In
addition, students should write about what they would do differently when working within a
team in the future, as this will help them solidify their learning and apply it. It is best to have
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students do a reflection while the experience is fresh in order to best synthesize and reinforce
their learning!® 2038,

Summary

Communication and team skills are critical for success in the field of engineering but can be
difficult to teach in the classroom. We created a training video for engineering students to fulfill
this need, which focuses on the aspects of teamwork and communication most relevant to this
population. This video should provide an effective way for instructors to teach these skills
without requiring much preparation or class time. An instructor can be a valuable supplement to
the video if they build these practices into their projects and communicate to students that these
skills are valuable and critical for their development. Instructors can support effective team
practices throughout the process by having students define and establish team norms, goals, and
processes, and write these into a contract at the beginning of the project. They can also
encourage teams to take time for evaluation at the mid-point to assess their process and make
adjustments, and encourage reflection at the end of a project to facilitate application and
learning.
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