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Abstract
In highly technical organizations, work is becoming increasingly distributed; requiring practicing
engineers to master virtual collaboration skills while acquiring expertise in a range of
collaboration technologies. Although there has been great emphasis on developing collaboration
competencies in the engineering curriculum, empirical evidence of successful strategies for
distributed team settings is scarce. As an attempt to fill this gap this study investigates the
impact of a scalable intervention in developing virtual collaboration skills. The intervention,
based on instructional scaffolds embedded with collaboration technologies, is aimed at
supporting specific processes including planning, goal setting, clarifying goals and expectations,
communication, coordination and progress monitoring. A quasi-experimental design was used to
evaluate the impact of the intervention on student teamwork skills. Data from 278 graduate and
undergraduate engineering students participating in virtual team projects was used in the
analysis. Results from the analysis are presented suggesting a statistically significant impact of
the intervention on self-management skills when comparing randomly assigned teams with and
without the intervention. The intervention is designed to be scalable so that it can be embedded
into existing project-based courses. Our findings have important implications for the
development of teamwork skills in engineering courses and provide evidence of a successful
strategy that can be integrated into the existing engineering curriculum.
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Introduction
The ability to work on multi-disciplinary teams constitutes a critical competency to succeed in an
engineering career.1,2 Many academic programs are invested on developing these skills through
initiatives such as Columbia University’s Gateway design course,5 Massachusetts Institute of
Technology’s undergraduate design course and its “New Products Program”6 and Rowan
University’s Engineering Clinics Program.7 Although these efforts constitute very valuable
initiatives for the development of teamwork skills, a recent review of research on engineering
student teams suggests that our understanding of how best to cultivate and assess collaborative
learning outcomes in engineering students is not well understood.11
Methodology
This paper describes a scalable intervention that combines the use of a web-based collaborative
platform with embedded instructional scaffolds designed to support project-based teamwork. The
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intervention was implemented in existing courses without changing the content. It was developed
based on state-of-the-art knowledge on team effectiveness from the industrial, behavioral and
cognitive psychology fields, as well as technology appropriation and acceptance theories from
the field of Management Information Systems.17-22,23 The approach was designed to support
specific cognitive and behavioral team processes such goal setting, planning, strategy
formulation, team monitoring and coordination.7
The collaboration tool was designed to provide easily accessible tools that best align with the
specific activity or task that teams need to accomplish at different states of the project using the
principles of task-technology fit. Figure 1 some key elements of the collaboration platform and
the processes that the platform was designed to support. It includes tools that can be used to
support communication, collaboration and progress monitoring such as an embedded
videoconferencing tool, a file repository with version control and a task-tracking tool. Along
with the tool, the intervention included critical activities that the teams were required to complete
as part of the project to support collaborative work. Some of the activities included a team
building exercise, development of a team charter and a project plan.
COLLABORATION PLATFORM

TEAM PROCESSES

Tools
•
•
•
•

Videoconferencing tool
File Repository
Discussion/message board
Task tracking tool

Team activities/artifacts
•
•
•
•

Team Building Exercise
Team Charter
Team Plan
Peer Evaluation

•
•
•
•
•
•
•

Goal-Setting
Planning
Strategy Formulation
Coordination
Backup Behavior
Monitoring Progress
Systems Monitoring

Figure 1: Elements of the collaboration platform and associated team processes

The video conferencing tool allows teams to communicate using high quality video and audio.
The file repository relies on Google Drive and other Google Applications to allow for version
control, document tracking and remote collaborative writing and editing. The repository has a
prebuilt folder structure to organize the different types of project documents. Figure 2 includes a
screen capture of a sample team home site that shows the team mascot, conference room access
button (Hangout button) and team plan. The team mascot shown in the home page was an
outcome of the team building exercise. The team developed the mascot during the first week of
the project as one of the required activities and it represents the shared values of the team
members with respect to the project.
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Figure 2. Screen shot of a sample team site

We evaluated the impact of the tool on teamwork activities using a quasi-experimental design.
Results obtained to date have shown that the intervention has a significant impact on teamwork
skill development. In particular, students that went through the intervention displayed a
significantly higher ability to manage team projects than those in the control group. Teamwork
skills were 7% higher in the teams that went through the intervention after controlling for
incoming skills before the project (Pazos, Magpili & Zhou, 2016).
On a follow-up study (Magpili, Pazos & Ullal, 2016), we used qualitative inquiry to further
explore what tools were more useful in supporting teamwork. Based on our findings, the tools,
activities and artifacts provided to teams largely supported team processes as shown by the high
percentage of teams which reported benefiting from the tools (90%). In general, the data
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suggests that the majority of the teams found the scaffolds generally helpful in supporting the
following processes:
•

Team coordination. At least 81% of the teams reported benefiting from the collaborative
platform to help them coordinate tasks in their project. The specific tools that they found
most useful were the video conferencing toll and file repository.
An illustrative quote on how some of the tools supported the teams is shown below:
“Google hangout and the video chat capabilities … seemed to work really well.
Regardless of really whether or not we had much to discuss, we always had a standing
weekly meeting even if it was for a few minutes. If we were just working on just assigned
tasking and we didn’t have a decision point, we still discuss together … and just made
sure everybody is on the same page”.

•

Progress monitoring. At least 80% of the teams reported that the collaborative platform
helped them monitor individual and collective progress on the project. A quote to
illustrate a specific instance is shown below:
“Everybody set up their own little section, we each had whatever parts we had. It had our
name and whoever co-help was and then our dates so I thought that was perfect. Go
ahead, work at your own pace, set your own dates, just know that our final needs to be
finished at this particular date. I did it that way. I was checking off my stuff, putting up
progress like 60% done here. No one else really seem to so I had sent out weekly
reminders saying hey guys where are at? What are you doing? Nobody really responded.
. .but the tools that were provided, no one used them I was the only one, it was incredibly
frustrating the entire semester.”

The overall results of qualitative analysis showed that the intervention was very supportive of
effective teamwork processes. The analysis also uncovered a wide variety in the way teams used
the tools to support their collaborative work. Most teams used different combination of tools to
support different processes based on their preferences.
The result from the qualitative analysis also helped identify the most common barriers
preventing teams from using and benefiting from the tools, activities and artifacts to support
team processes. These factors that were reported as barriers for successful teamwork include lack
of initiative in team members, task orientation, team turnover, and perceived ease of use of the
tool. Team turnover emerged as a driving factor affecting teamwork. Team turnover affected
team processes by negatively influencing the morale and level of initiative of the team.
Developing training that teaches students how to make their team adaptable to sudden changes in
membership may help. Another option is to keep a stable team membership for student teams by
increasing the initial team size to account for possible dropouts. A small number of teams
focused excessively on the task while largely ignoring the interpersonal aspect of collaboration.
They reported having a less successful experience than those that focused on both the task and
the collaboration.
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The combined results from the mixed (qualitative and quantitative) methods study provide
evidence of a successful approach to improve collaborative work in the engineering classroom.
By incorporating some or all of the previously described tools and activities in an existing
project based course, has great potential in creating more successful team project. With respect to
the experience for the faculty teaching the course. They reported having to invest less time and
effort in managing teams and they perceived that quality of the projects was higher when using
the intervention. Further analysis are being conducted to test whether their observations are
statistically significant.
This study comes with some limitations. Data collected during the qualitative study relied on
structured interviews with students. These data, as it is typically the case in similar studies, relied
on what the interviewees remember. Students’ description of past events might be limited by the
individual ability to recollect facts and events. We used additional sources of data to triangulate
the results from the interview analysis (collaboration platform activity log, progress reports and
team reflection essays).
Acknowledgements
This material is based upon work supported by the National Science Foundation under Grant
No. 1340407.
References
1.
2.
3.
4.
5.
6.
7.
8.

9.
10.
11.

Prados, J.W. “The Editor’s Page: Engineering Criteria 2000- A change Agent for Engineering
Education”. Journal of Engineering Education, 85, no. 4 (1997).
Shuman, Larry J., Mary Besterfield-Sacre, and Jack McGourty. "The ABET “professional skills”—Can
they be taught? Can they be assessed?." Journal of Engineering Education, 94, no. 1 (2005): 41-55.
Passow, Honor J. "Which ABET competencies do engineering graduates find most important in their
work?." Journal of Engineering Education, 101, no. 1 (2012): 95.
Prados, John W., George D. Peterson, and Lisa R. Lattuca. "Quality assurance of engineering education
through accreditation: The impact of Engineering Criteria 2000 and its global influence." Journal of
Engineering Education, 94, no. 1 (2005): 165-184
McGourty, Jack, James Reynolds, L. Shuman, M. Besterfield-Sacre, and Harvey Wolfe. "Using
multisource assessment and feedback processes to develop entrepreneurial skills in engineering
students." Proceedings of the American Society for Engineering Education Conference. 2003.
Durfee, William K. "Engineering education gets real." Technology Review, 97 (1994): 42-42.
Dahm, Kevin D., James A. Newell, and Heidi L. Newell. "Rubric development for assessment of
undergraduate research: Evaluating multidisciplinary team projects." In CD) Proceedings of the American
Society for Engineering Education Conference. 2003.
Whitman, Lawrence E., Don E. Malzahn, Barbara S. Chaparro, Mark Russell, Rebecca Langrall, and
Beth A. Mohler. "A Comparison of Group Processes, Performance, and Satisfaction in Face-to-Face
Versus Computer-Mediated Engineering Student Design Teams." Journal of Engineering Education, 94,
no. 3 (2005): 327-337.
Zhou, Zikai and Pazos, P. "Managing Engineering Capstone Design Teams: A Review of Critical Issues
and Success Factors." In IIE Annual Conference. Proceedings, p. 3006. Institute of Industrial EngineersPublisher, 2014.
Kirschner, Paul A., John Sweller, and Richard E. Clark. "Why minimal guidance during instruction does
not work: An analysis of the failure of constructivist, discovery, problem-based, experiential, and
inquiry-based teaching." Educational Psychologist, 41, no. 2 (2006): 75-86.
Borrego, Maura, Jennifer Karlin, Lisa D. McNair, and Kacey Beddoes. "Team effectiveness theory from
industrial and organizational psychology applied to engineering student project teams: A research
review." Journal of Engineering Education, 102, no. 4 (2013): 472-512.

© American Society for Engineering Education, 2017

2017 ASEE Zone II Conference

12.
13.

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

Vygotsky, Lev Semenovich. Mind in society: The development of higher psychological processes.
Harvard University Press, 1980.
Tien, Lydia T., Vicki Roth, and J. A. Kampmeier. "Implementation of a peer‐led team learning
instructional approach in an undergraduate organic chemistry course." Journal of Research in Science
Teaching 39, no. 7 (2002): 606-632.
Pazos, Pilar, Marina Micari, and Gregory Light. "Developing an instrument to characterise peer-led
groups in collaborative learning environments: assessing problem-solving approach and group
interaction." Assessment & Evaluation in Higher Education 35, no. 2 (2010): 191-208.
Hmelo-Silver, Cindy E., Ravit Golan Duncan, and Clark A. Chinn. "Scaffolding and achievement in
problem-based and inquiry learning: A response to Kirschner, Sweller, and Clark (2006)." Educational
Psychologist 42, no. 2 (2007): 99-107.
Quintana, Chris, Brian J. Reiser, Elizabeth A. Davis, Joseph Krajcik, Eric Fretz, Ravit Golan Duncan,
Eleni Kyza, Daniel Edelson, and Elliot Soloway. "A scaffolding design framework for software to
support science inquiry." The Journal of the Learning Sciences 13, no. 3 (2004): 337-386.
Marks, Michelle A., John E. Mathieu, and Stephen J. Zaccaro. "A temporally based framework and
taxonomy of team processes." Academy of Management Review 26, no. 3 (2001): 356-376.
LePine, Jeffery A., Ronald F. Piccolo, Christine L. Jackson, John E. Mathieu, and Jessica R. Saul. "A
meta-analysis of teamwork processes: tests of a multidimensional model and relationships with team
effectiveness criteria." Personnel Psychology 61, no. 2 (2008): 273-307.
Rousseau, Vincent, Caroline Aubé, and André Savoie. "Teamwork behaviors a review and an integration
of frameworks." Small Group Research 37, no. 5 (2006): 540-570.
Pazos, Pilar. "Conflict management and effectiveness in virtual teams." Team Performance
Management: An International Journal 18, no. 7/8 (2012): 401-417.
Pazos, P., and M. Beruvides. "Incorporating training and feedback into the study of patterns in group
decision making: The impact of communication medium." Team Performance Management 17, no. 1/2
(2011): 83-101.
DeSanctis, Gerardine, and Marshall Scott Poole. "Capturing the complexity in advanced technology use:
Adaptive structuration theory." Organization Science 5, no. 2 (1994): 121-147.
Venkatesh, Viswanath, Michael G. Morris, Gordon B. Davis, and Fred D. Davis. "User acceptance of
information technology: Toward a unified view." MIS Quarterly (2003): 425-478.
Stevens, Michael J., and Michael A. Campion. "The knowledge, skill, and ability requirements for
teamwork: Implications for human resource management." Journal of Management 20, no. 2 (1994):
503-530.
Stevens, Michael J., and Michael A. Campion. "Staffing work teams: Development and validation of a
selection test for teamwork settings." Journal of Management 25, no. 2 (1999): 207-228.
McClough, Anita C., and Steven G. Rogelberg. "Selection in teams: An exploration of the teamwork
knowledge, skills, and ability test." International Journal of Selection and Assessment 11, no. 1 (2003):
56-66.

© American Society for Engineering Education, 2017

