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Abstract 

The effectiveness of an authentic product development environment to enhance teamwork skills 

of rising 9th -12th grade students was studied as part of a 3-week summer program. Teams of 

students were provided scenarios of ‘customer’ requirements. The teams translated customer 

requirements into technical requirements, researched content and developed websites. Usability 

studies were conducted including heat maps of the websites using eyetracking equipment to 

provide feedback for closing the loop in the product development cycle. Student reactions to 

teamwork were documented using survey instruments and interviews. Results indicate 

participants recognized teamwork as an important element of real world work. The product 

development environment simulated an authentic real world scenario and played a positive role 

in emphasizing the need for teamwork.  
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Introduction 

The importance of teamwork skills is well recognized in the corporate world. The ability to 

function effectively on multidisciplinary teams therefore has been institutionalized in 

engineering education in the form ABET Student Outcome (d). The requirement to respond to 

the accreditation requirement, research on techniques to develop various teamwork skills, and to 

measure the effectiveness of these techniques continues1-4. In addition to teamwork being an 

essential 21st century skills, team-based learning improves student achievement by increasing 

student reasoning, problem-solving and critical thinking skills, encouraging more scientific 

thinking, and developing a deeper understanding of course content5-12.  

 

The Next Generation Science Standards (NGSS) now includes engineering design, thereby 

requiring teamwork to being emphasized at the K-12 level. A number of investigations13-18 have 

looked at the challenges and opportunities of implementing engineering design in schools. A 

team environment for project-based learning that promotes interdependence of the team 

members has been shown to impact student learning outcomes19.  

 

This paper is based on an NSF funded project (Grant # 1312285) for 9th -12th grade students to 

learn science concepts. A self-learning approach grounded in the learn-to-write, write-to-learn 

construct20-23 using a digitally mediated environment. The paper focuses on authentic learning of 

teamwork skills using an active-learning project based on the product development cycle and 

follows the eight essential science and engineering practices of the Science Framework of the 

NGSS24.  
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Participants 

Students (n=55, 27 male, 28 female) who were rising 9th-12th graders were recruited from two 

school districts in Alabama, one rural, and the other urban. All participants self-identified as 

African-American. 

  

Method and Materials 

The project team conducted 3-week long sister summer camps simultaneously at an urban 

location and at a rural location. Both the summer camps had identical components. The 

overarching context was an authentic product development task, i.e., developing a website in 

response to customer requirements; embedded in the task was the primary objective of learning 

science concepts through research and writing. The participants were assigned to five teams at 

each site based on their choice of a science concept that they wanted to learn. These five science 

concepts were aligned with the Alabama Course of Study. Each of the science concepts was 

included in a scenario that was worded as a requirement from a customer (see Appendix A) 

requiring the development of a website. Each scenario was supported by a webquest that 

including guiding questions to scaffold the process of researching appropriate content for the 

website. Some other aspects of the summer camp included oral communication skills, 

eyetracking, and distance learning with one site experiencing the learning materials face-to-face 

and the other site learning through an interactive audio/video link. The participants used the 

Product Development Cycle (Fig. 1) as they progressed through the eight essential science and 

engineering practices of the engineering design standard of the NGSS.  
 

          Figure 1. Product Development Cycle                                                                  

                             
  

The participants were provided instruction on the website design software, best practices of 

website design and oral presentations. The teams presented their products (websites) at the end 

of the summer camp explaining the process of the development. The teams also participated in a 

number of team building design-type exercises such as the “marshmallow-spaghetti tower”, and 

“egg drop.” Various attitudinal instruments were used to assess and evaluate the effectiveness of 

the approach. These included pre-post science attitude surveys, team work surveys, web usability 

rubrics and interviews.  The participants also used eyetracking hardware and software to assess 
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website usability through the use of heatmaps (Fig. 2), thus learning the importance of the 

verification, validation and improvement aspects of the product development cycle.  

 

Figure 2. Sample Student Heat Map 

   

                                 
      

 

The attitudes towards teamwork were assessed using instruments that measured several 

dimensions and provided opportunities to respond to open-ended questions. These teamwork 

instruments were originally developed to assess and evaluate teamwork skills of undergraduate 

engineering students working on capstone design projects25.  A Team Citizenship survey was 

given to the participants a week after the teams were formed and the participants had some 

experience of teamwork while working on the project. This survey introduced the participants to 

the four main dimensions and 12 sub-dimensions of teamwork. A Teamwork Achieved survey 

was given at the end of the project. This survey had a number of components including changes 

in perception of importance of the various dimensions (Fig. 3), identifying the most effective 

teamwork dimension and how it impacted their project, and teamwork lessons learned as a result 

of the product development cycle. This paper provides an analysis of the responses to the 

Teamwork Achieved instrument for one year of the program as other data are still being 

analyzed.  

    

Results and Discussion 

Responses of those who completed (n=45) Part A of the Teamwork Achieved instrument were 

analyzed. A majority of the participants reported an increase in the importance of the four main 

and 12 sub-dimensions of Teamwork Achieved. The changes in perceptions of the participants of 

the importance of these dimensions of teamwork are summarized in Fig. 3.  The process of 

Member Contributions received the highest increased recognition of its importance. For instance, 

76% of the participants recognized that competent performance of team members was more 

important than they originally had thought. Similarly, 74% of the participants recognized the 

importance of delegation and completion of tasks as more important than their original 

perceptions. Finally, 69% of participants reported an increased understanding of the importance 

of self and team-mates’ growth. 
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D = Decreased; NC= No change;    I = Increased      % Respondents                  

Perceptions of Importance 

Process Contributions of Team Members D  NC I 

Team 

Relationships 

Members engage other members with respect 2 29 69 

Members demonstrate commitment   69 

Members resolve conflicts constructively  40 60 

Joint 

Achievements 

Members help establish shared goals  42 58 

Members follow plans to achieve team goals  32 68 

Members work synergistically with others 9 24 67 

Member 

Contributions 

Members delegate and complete tasks, as needed 2 24 74 

Members perform competently to team standards  24 76 

Members enable self and others to grow 2 29 69 

Team 

Information 

Members strive for fully-informed members  40 60 

Members communicate well with stakeholders 7 40 53 

Members document achievements well  29 71 

    Figure 3: Change in Perception of Importance of Teamwork Dimensions 

 

Engaging team members with respect and demonstration of commitment were also registered as 

increased importance by 69% of the respondents. The increased importance of following of plans 

was reported by 68% of the respondents. 

 

Not only were we interested in changes in participants’ views of teamwork, but participants 

also were asked to identify the most effective process that resulted in their team’s successful 

performance over the 3 weeks of their work on the product development. Of the 37 who 

responded, 43% considered Team Relations as the most effective process, while for 30% Joint 

Achievements was the most effective process. Member Contributions were considered important 

by 14% and the remaining 14% considered Team Information as the most effective process. 

 

Participants were asked the following three open-ended questions on their chosen Effective 

Team Process: 

(a) What actions occurred when this “effective” team process was working well? 

(b) How this “effective” team process contributed real value to your team and/or project? 

(c) How developing this “effective” process has equipped you for future team projects? 

 



2017 ASEE Zone II Conference 

© American Society for Engineering Education, 2017 

The responses to these questions indicated that the participants had developed a vocabulary to 

articulate their understanding of teamwork. Typical responses included buy-in, communication, 

compromise, delegation, team goals, etc. Some examples are given below. 

 

“It made things a lot easier when we talked and respected every one opinion”; “contributed real 

value when each team member was assigned a role to play when working on the project”; “It 

showed me to respect everyone’s opinions and include them in what we were doing.”; “The team 

leader assigned equal amounts of work or amounts of work she thought some members could 

handle. Some students received more; others received the amount that they could complete. 

Most of the team was willing to do work so we were able to divide the work up between 

ourselves and get it done.” 

 

The participants also responded to the following three open-ended questions on Teamwork 

Learning.  

 

(a) What new understanding of teamwork have you gained over the duration of this experience? 

(b) What was the (learning) process that led to this new understanding? 

(c) How will this new understanding affect your approach to teamwork in the future? 

 

Some responses of the participants are given below: 

“I have learned to be open minded and considerate of others because when you work with a 

team, you have to work together to win or to come out on top.”; “This has equipped me for 

future team projects in the future because it has shown me that even if you have a team that 

doesn’t mean that you have one, you have to build a team, not just receive one. You have to 

build trusts and relationships with each other in order to understand what you’re working with to 

understand what you got.”; “We have to get to know what a leader is and what type of leader am 

I in order to gain success.” 

 

Conclusions and Future Work 

High school participants of the summer program were provided an authentic project-based 

learning environment. Understanding teamwork was an important component of the summer 

program. Participants developed vocabulary associated with teamwork and recognized the utility 

and importance of the dimensions of teamwork. An analysis of responses to open-ended 

questions on effective team processes and teamwork lessons learned found that a number of the 

participants exhibited sophisticated understanding of the different aspects of teamwork. Others’ 

exhibited different degrees of understanding of teamwork.   Future work will include providing 

coaching to the participants based on the perceptions and observations of their team-mates to 

support them in enhancing their teamwork skills. 

 

 

 

 

 



2017 ASEE Zone II Conference 

© American Society for Engineering Education, 2017 

References 

1  Davis, D. C. and R. R. Ulseth, “Building Student Capacity for High Performance Teamwork,” 120th  

 ASEE Annual Conf. June 23-26, 2013, Atlanta, GA 

2 Goldberg J., “Developing teamwork skills in capstone design courses,” IEEE Eng Med Biol Mag. 

 Vol 29(2):141-142 

3. Hughes, R. L. and S. K. Jones. Developing and Assessing College Student Teamwork Skills. Chapter 5., 

New Directions for Institutional Research, No. 149, Spring 2011 © Wiley Periodicals, Inc. Wiley, DOI: 

10.1002/ir.380 

4 Lingaard, R. W., “Teaching and Assessing Teamwork Skills in Engineering and Computer Science,” 

 Systemics, Cybernetics and Informatics. Vol 8 (1) 

5 Dunaway G., “Adaption of team learning to an introductory graduate pharmacology course,” Teach 

 Learn Med. 2005;17(1):56–62. 

6 Goodnough, K. and M. Cashion, “Exploring problem-based learning in the context of high school  

 science: Design and implementation issues,” School Science and Mathematics, Vol. 106 (7) 

7 Haidet P., R. O.Morgan, K. O’Malley, B. J. Moran and B. F. Richards, “A controlled trial of active versus 

 passive  learning strategies in a large group setting,” Adv. in Health Sciences Education. 2004;9(1):15–27 

8 Koles P., S. Nelson, A. Stolfi, D. Parmelee and D. Destephen D,” Active learning in a Year 2 pathology 

 curriculum,” Med Educ. 2005;39:1045–55 

9 McInerney M.J. and L. D. Fink, “Team-based learning enhances long-term retention and critical thinking in 

 an undergraduate microbial physiology course,” Microbiol Educ. 2003 May; 4:3-12 

10 Thompson, B. M., V. F. Schneider, P. Haidet, L. C. Perkowski and B. F. Richards, “Factors 

 influencing implementation of team-based learning in health sciences education,” Academic Medicine, 

 82(10), S53-S56. 

11 Vasan, N. S., D. O. DeFouw and S. Compton, “A Survey of Student Perceptions of Team-Based Learning 

in Anatomy Curriculum: Favorable Views Unrelated to Grades,” Anat Sci Educ 2:150–155 (2009) 

12 Zgheib, N. K., J. A. Simaan and R. Sabra, “Using Team-Based Learning to teach pharmacology to second 

year medical students improves student performance,” Medical Teacher Journal, 32(2),130-150 

13 Apedoe, X. S., B. Reynolds, M. R. Ellefson and C. D. Schunn, “Bringing engineering design into 

 high school science classrooms: The heating/cooling unit,” Journal of Science Education and Technology, 

17(5), 454-465 

14 Becker, K., N. Mentzer, K. Park and J. Pieper, J. “High school engineering design thinking and 

 performance,” 118th ASEE Conf. Vancouver, BC, Canada 

15 Mentzer, N. and K. Becker, “Exploring Engineering Design Knowing and Thinking as an Innovation in 

STEM Learning,”. Paper presented at the P12 Engineering and Design Education Research Summit, 

Seaside: Oregon, 2010. 

 16 Berland, L. K., D. T. Allen, R. H. Crawford, C. Farmer and L. Guerra, “Learning sciences guided 

 high school engineering curriculum development,” 119th ASEE Annual Conf. San Antonio, TX  

17 Carr, R. L., L. D. Bennett and J. Strobel, “Engineering in the K-12 STEM standards of the 50 

 U.S. states: An analysis of presence and extent,” Journal of Engineering Education, 101(3), 539-564 

18 Oppliger, D., J. Kampe, J. and V. Troesch, “High School Enterprise: Authentic Engineering  

 Experiences In Secondary Education,” Paper presented at 2010 ASEE Annual Conference & Exposition, 

Louisville, Kentucky. https://peer.asee.org/16002 

19 Smith, K. A., S. D. Sheppard, D. W. Johnson and R. T. Johnson, “Pedagogies of classroom engagement” 

Journal of Engineering Education, 94(1), 87-101 

20 Bangert-Drowns, R. L., M. M. Hurley and B. Wilkinson, “The Effects of School-Based Writing-to-Learn 

Interventions on Academic Achievement: A Meta-Analysis,” Review of Educational Research, Spring 2004 

vol. 74(1), 29-58 

21 Keys, C. W., “Revitalizing Instruction in Scientific Genres: Connecting Knowledge Production with 

Writing to Learn in Science,” Science Education, Vol 83, 115–130 

22 Klein, Perry D., “Reopening Inquiry into Cognitive Processes in Writing-To-Learn,” Educational 

 Psychology Review, Sep99, Vol. 11 (3), 203-270 

23 Rivard, L. P., “A Review of Writing to Learn in Science: Implications for Practice and Research,” 

 Journal of Research in Science Teaching, Vol. 31 (9), 969-983 

24 NGSS: http://www.nextgenscience.org/get-to-know, accessed on Oct. 25, 2016 

25 Trevisan, M. S., D. C. Davis, S. W. Beyerlein, S. W. J. P. McCormack, P. L. Thompson, P. R. Leiffer,  

https://peer.asee.org/16002
http://www.nextgenscience.org/get-to-know


2017 ASEE Zone II Conference 

© American Society for Engineering Education, 2017 

 H. P. Davis, S. Howe, J. E. LeBeau, R. E. Gerlick, P. Brackin, and M. J. Khan, “Integrated Design 

 Engineering Assessment and Learning System (IDEALS), 2012 ASEE Annual Conference & Exposition, 

 San Antonio, TX, https://peer.asee.org/21546 

 

Mohammad Javed Khan 

M. Javed Khan is Professor and Head of the Aerospace Science Engineering Department at 

Tuskegee University. He received his Ph.D. in Aerospace Engineering from Texas A&M, MS in 

Aeronautical Engineering from the US Air Force Institute of Technology and his undergraduate 

degree in Aerospace Engineering from Karachi University. His research interests include vortex 

dominated flows, and aircraft design. He is actively involved in research on engineering 

education and K-12 STEM education. He is a Fellow of the Royal Aeronautical Society, an 

Associate Fellow of the AIAA and a member of the ASEE. 

Marcia Rossi 

Dr. Marcia Rossi is a Professor of Psychology at Alabama State University. She has over 25 

years of experience in teaching and research. Her current research interests include effectiveness 

of various innovative informal learning experiences for STEM education, human factors issues 

in education and training, and environmental science education. 

 

Christine Schnittka 

Dr. Christine Schnittka is an associate professor of science education in Auburn University’s 

College of Education with a joint appointment in the College of Engineering. Her current 

research involves developing and evaluating engineering design-based curriculum units that 

target key science concepts through the contextual lens of environmental issues that engage us 

all.  See www.stemteachingkits.com Her curricula have been used by teachers in over 33 states 

and 13 countries. 

Fan Wu 

Dr. Fan Wu is associate professor of Computer Science Department at Tuskegee University.  He 

is also interim director of Tuskegee University Office of Undergraduate Research. He received 

his Ph.D. degree in Computer Science from Worcester Polytechnic Institute (WPI) in 2008. Dr. 

Wu’s research interests are in broad areas of Mobile Security, Mobile Computing, High 

Performance Computing with GPGPU, and Robotics. Dr. Wu serves as the member of editorial 

review board for International Journal of Handheld Computing Research. 


	Teamwork Using an Authentic Product Development Environment
	Introduction
	Participants
	Students (n=55, 27 male, 28 female) who were rising 9th-12th graders were recruited from two school districts in Alabama, one rural, and the other urban. All participants self-identified as African-American.
	Method and Materials
	Results and Discussion
	Responses of those who completed (n=45) Part A of the Teamwork Achieved instrument were analyzed. A majority of the participants reported an increase in the importance of the four main and 12 sub-dimensions of Teamwork Achieved. The changes in percept...
	Figure 3: Change in Perception of Importance of Teamwork Dimensions
	Conclusions and Future Work
	High school participants of the summer program were provided an authentic project-based learning environment. Understanding teamwork was an important component of the summer program. Participants developed vocabulary associated with teamwork and recog...
	5 Dunaway G., “Adaption of team learning to an introductory graduate pharmacology course,” Teach  Learn Med. 2005;17(1):56–62.
	6 Goodnough, K. and M. Cashion, “Exploring problem-based learning in the context of high school
	science: Design and implementation issues,” School Science and Mathematics, Vol. 106 (7)
	7 Haidet P., R. O.Morgan, K. O’Malley, B. J. Moran and B. F. Richards, “A controlled trial of active versus  passive  learning strategies in a large group setting,” Adv. in Health Sciences Education. 2004;9(1):15–27
	8 Koles P., S. Nelson, A. Stolfi, D. Parmelee and D. Destephen D,” Active learning in a Year 2 pathology  curriculum,” Med Educ. 2005;39:1045–55
	9 McInerney M.J. and L. D. Fink, “Team-based learning enhances long-term retention and critical thinking in  an undergraduate microbial physiology course,” Microbiol Educ. 2003 May; 4:3-12
	10 Thompson, B. M., V. F. Schneider, P. Haidet, L. C. Perkowski and B. F. Richards, “Factors  influencing implementation of team-based learning in health sciences education,” Academic Medicine,  82(10), S53-S56.

