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Abstract: As curriculum developers and high school teachers incorporate engineering into STEM 

courses, they must select or develop appropriate design experiences for their students. The National 

Center for Engineering and Technology Education (NCETE) commissioned the preparation of background 

papers exploring this problem area and made them available on the NCETE web site at 

http://ncete.org/flash/research.php. In August, 2011, NCETE convened a group of curriculum 

developers, cognitive scientists, and professional development providers for an intense face-to-face 

discussion based upon their research and experiences in classroom implementation. This paper reports 

the guiding principles developed by the group, their statements of characteristics of excellent 

engineering design challenges, the indicators of successful instruction, and issues in pedagogy and 

organization of science, technology, engineering, and mathematics (STEM) courses that incorporate 

engineering design.  

Background 
 

 The current emphasis on high-stakes testing restricts efforts to infuse engineering design into 
science, mathematics, and technology courses. 

 In addition, STEM teachers typically lack an understanding of engineering concepts, have few 
experiences with engineering design, and have difficulty integrating ill-structured engineering 
design problems into their standards-based courses. 

 There is a fundamental lack of consensus among curriculum developers and engineering 
educators on criteria for selecting and developing authentic engineering design challenges. 
Without a repertoire of appropriate design challenges, it simply is not possible to develop a 
coherent structure of appropriately scaffolded experiences for high school students in their 
STEM courses. 

 After disappointing experiences with conventional attempts to resolve some of these issues 
inhibiting the infusion of engineering design into high school STEM courses, NCETE decided to 
foster informed discussion sessions in order to seek consensus among individuals who had 
experienced high levels of success in the endeavor. The NCETE Caucus was designed to 
accomplish that goal. 

 
Approach 
 
Invitations to participate in the Caucus were issued to a small number of individuals with substantial 
experience and recognized expertise in high school curriculum development, teacher professional 
development, cognitive science, classroom implementation of engineering design challenges, and the 
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administration of funded projects in high school engineering education. Although a few invitees were 
unable to attend, a distinguished group of nine individuals participated in the August 2-3, 2011 sessions 
on the USU campus: 

 David Allen, University of Texas at Austin 

 Taryn Bayles, University of Maryland Baltimore County 

 Richard Grimsley, Educational Consultant 

 Chris Rogers, Tufts University 

 Christian Schunn, University of Pittsburgh 

 Cary Sneider, Portland State University 

 Johannel Strobel, Purdue University 

 Gary Wynn, International Technology and Engineering Educators Association 

 Malinda Zarske, University of Colorado 
 
Invited papers –  NCETE invited a small number of individuals to submit two- to- five-page white papers 
outlining their perceptions of principles or guidelines that they considered to be most important in 
effective infusion of authentic engineering design challenges into STEM courses for all high school 
students. These papers were submitted, reviewed by NCETE staff, and posted on the NCETE web site, 
www.ncete.org:  
 

 Design Problems for Secondary Students  by David H. Jonassen, University of Missouri 
 Infusing Engineering Design into High School STEM Courses by Morgan Hynes, Merredith 

Portsmore, Emily Dare, Elissa Milto, Chris Rogers, David Hammer and Adam Carberry, Tufts 
University 

 Integrating Engineering Design Challenges into Secondary STEM Education  by Ronald L. Carr 
and Johannes Strobel, Purdue University 

 Design Principles for High School Engineering Design Challenges: Experiences from High School 
Science Classroom  by Christian Schunn, University of Pittsburgh 

 Engineering Design Challenges in a Science Curriculum  by Arthur Eisenkraft, University of 
Massachusetts, Boston 

 A Possible Pathway for High School Science in a STEM World by Cary Sneider, Portland State 
University 

 A compilation of the papers with an introduction was also posted: Engineering Design 
Challenges in High School STEM Courses: A Compilation of Invited Position Papers, edited by 
Daniel L. Householder 

 After the Caucus, NCETE sought a synthesis of the six position papers and Building a Framework 
for Engineering Design Experiences in STEM: A Synthesis, by Cameron Denson was received 
and posted. 

 
The individual papers raised several significant issues and provided insight into several areas of 
innovative practice. Caucus participants had electronic access to the papers prior to the Caucus sessions 
and were encouraged to review them before coming to the Caucus. Time available for Caucus discussion 
was so limited that no formal session was devoted to the presentation or discussion of individual 
papers; however there were occasional references to some of the materials during the group 
interactions. 
 
Reference list – The NCETE staff developed a comprehensive list of publications dealing with various 
aspects of the process of introducing  engineering design challenges into high school STEM courses and 
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provided it to the Caucus participants in advance of the meeting. Participants were asked to suggest 
additional listings and several items were added to the list as a result. In addition, the published 
summaries of articles were included if they were available through the services of the USU Library. The 
reference list continues to be a work in progress; a current copy is available upon request 
 
Caucus sessions were held on the USU campus August 2 and 3, 2011. Participants arrived the evening of 
August 1 and were housed on the top floor of the University Inn, the conference center hotel. Caucus 
sessions were held in the Board of Trustees room on the same floor. Most of the Caucus discussions 
involved the entire group of participants, though there were also breakout sessions and opportunities 
for individual inputs. A synthesis of the discussions was circulated to the participants and organized into 
the format included here. 
 
Caucus Discussions 
 
The group agreed to focus on these goals of engineering design for high school students: 

 Problem solving abilities 

 Integrated understanding of science and mathematics 

 Development of interest, self-efficacy, identity, and positive attitudes. 

 Engineering habits of thought and action 
 

These specific principles were delineated to guide in the selection of engineering design challenges: 

 Goal components 

 Understand and refine constraints 

 Multiple possible solutions 

 Requires collaboration 

 Ethical considerations 

 Reflection, documentation, communication 

 Multidisciplinary integration  
 
Brief attention was focused on relationships between engineering design and standards-based 
instruction in school subjects: 

 Mathematics 

 Science 

 Technology 

 Social studies 
 
Specific descriptions of characteristics of excellent engineering design challenges were developed: 

 Are authentic 

 Have personal and social relevance 

 Require analytical thinking 

 Involve group efforts 

 Require hands-on participation 

 Are clearly structured but open-ended  

 Foster creative solutions 

 Consider ethical issues 

 Meet applicable constraints 

 Provide opportunities for modeling with replication 
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 Consider systems implications  

 Are well documented 

 Are self-assessed and independently evaluated 

 Enable communication among team members  
 
Criteria were identified for indicating success in implementation: 

 Engagement with the task 

 Open-minded questioning 

 Ability to generate multiple solutions 

 Ethical values 

 Collaboration and shared ownership 

 Skills 

 Rational logical defense of design decisions  
 
Pedagogy and Organization – During the Caucus discussions, the group lacked the time to attempt to 
isolate the professional development concerns or to identify specific pedagogical content knowledge 
needed by high school STEM teachers in order to introduce authentic engineering design challenges into 
their classes. However, the discussants described a number of specific attributes of effective teaching 
that facilitate the learning and problem-solving processes. These topics suggest important 
considerations for the design of professional development programs. 
 
Good pedagogical practices include: 

 Clarifying ambiguity  

 Group problem solving  

 Appropriate levels of difficulty  

 Learning progressions and scaffolding  

 Realistic time allocations 

 Facilitating student research  

 Provisions for multiple cycles of prototype testing, modifying, and retesting  

 Managing failure  

 Scalability; addressing ethical issues 

 Multidisciplinarity – integrating STEM content into design activities 

 Meta design analysis 

 Alignment with National Academy of Engineering priorities including the Grand Challenges  

 Effective assessments  
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