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National Center for Engineering and Technology Education 

 

Activities Report 

Year Five:  2008-2009 

 

 

Activities Outline 

The Activities Report is a fairly comprehensive review of the Year Five work and is divided into the 
following sections. 

I Background 

a) NCETE Mission 

b) NCETE Goals 

II The Shift to Research 

III Research Goal 1a: Status Studies 

IV Research Goal 1b: Professional Development 

a) Background 
b) Movement Toward An Exemplary Professional Development Program 
c) Evaluation of the Year-Long Professional Development Program 
d) Research Studies Associated with the Year-Long Professional Development Program 
e) Professional Development Workshop at ITEA 

V Research Goal 1c: Learning & Teaching 

a) Dissertation Studies 
b) Internal Grants 
c) New Faculty Grants 

VI Goal 2: Building Capacity 

a) Doctoral Students 
b) Doctoral Core Courses 
c) Research Leadership Development for Fellows 
d) Twenty-First Center Leader Associates 
e) Postdoctoral Students 

VII Goal 3: Communication 

VIII Realignment of Center Budget to Achieve Mission and Goals 

IX 2004-2009 Publications by NCETE Personnel 

X 2004-2009 Presentations by NCETE Personnel 

XI 2004-2009 Poster Sessions by NCETE Personnel 

XII Dissertations 
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I Background 

The National Center for Engineering and Technology Education (NCETE) received funding from the 

National Science Foundation on September 15, 2004.  Originally NCETE proposed the following  goals for 

the Center: 

• To build capacity in graduate education and develop a new cadre of leaders who are engaged in 
research, teacher preparation, and professional development with the knowledge and skill to 
integrate engineering into technology education 

• To conduct research in how students learn engineering and technological concepts; how 
students learn design and problem solving, assessment and evaluation strategies; and how best 
to prepare technology teachers 

• To refocus technology teacher education (TTE) to prepare increasing numbers of new teachers, 
representing the diversity of the nation, who can infuse engineering principles, predictive 
analytical methods, and design into the K-12 schools 

• To design and deliver professional development for practicing K-12 teachers and TTE faculty to 
enhance their knowledge and skills so they can infuse engineering principles, predictive 
analytical methods, and design into the curriculum, thereby enhancing problem solving abilities 
in students. 

•  To develop methods for encouraging a diverse array of K-12 students to choose science, 
technology engineering and mathematics careers. 

 
The Reverse Site Visit (RSV) presentation by the Center team at NSF May 1, 2006 generated a generally 
positive response from the CLT program officer, who noted our success in incorporating engineering into 
technology education, the progress of the cohort of Fellows toward becoming a leadership cadre in the 
field, and the research emphasis accomplished in the doctoral program. We were, however, asked to 
focus and prioritize our mission and goals, to align the research framework more closely with the revised 
Center goals, and to strengthen the plans and protocols for the evaluation of the work of the Center.   
 
The Center submitted its RSV response to NSF on October 30, 2006.  Included in our response was a 
revised NCETE mission and goal statement, stated below.  The mission and goal statement has guided 
our work since the RSV and provides the framework for this report. 

a) NCETE Mission  

The National Center for Engineering and Technology Education is a collaborative network of scholars 
with backgrounds in technology education, engineering, and related fields. Our mission is to build 
capacity in technology education and to improve the understanding of the learning and teaching of high 
school students and teachers as they apply engineering design processes to technological problems.  

b) NCETE Goals   

The goals of the Center are:  

1. To conduct research to:  
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a) define the current status of engineering design experiences in engineering and 
technology education in grades 9-12;  

 
b) define an NCETE model for professional development by examining the design and 

delivery of effective professional development with a focus on selected engineering 
design concepts for high school technology education; 

 
c) Identify guidelines for the development, implementation, and evaluation of engineering 

design in technology education.  

2. To build leadership capacity by developing a collaborative network of scholars who work to 
improve understanding of the process of learning and teaching of engineering design in 
technology education.  

3. To establish and maintain a communication program to inform all stakeholder groups of 
NCETE activities and accomplishments.  

 

II The Shift to Research 

The original NCETE goal pattern assigned primary responsibility for research to the graduate students, 

with only minor interest in supporting small internal awards to faculty members as well. That early 

vision anticipated that the dissertations of the doctoral fellows would provide the majority of the 

scholarly research output over the life of the Center. Following the RSV, the Center worked to increase 

the priority assigned to research.   

One of the major research efforts to define the current status of K-12 engineering education involved 

the preparation of a commissioned paper for the National Academy of Engineering committee working 

on DR-K12 Award 0733584. NCETE provided part of the support for the work of Kenneth Welty, who 

reviewed existing K-12 engineering education curriculum materials and prepared a report that will be 

published as a CD-ROM in conjunction with the published committee report. Several of the doctoral 

fellows were also involved in the early stages of that research effort. 

To further the research mission of the Center, we initiated an internal grant process. The internal grants 

were intended to support intensive scholarly endeavors over a period of 6 to 12 months.  Center 

members were encouraged to submit proposals for research studies that aligned with the Center goals. 

Proposals were screened by Center management and the more promising proposals were reviewed by 

an external panel.  Start-up grants were also provided to support the research of NCETE Ph.D. graduates 

as they began university faculty positions. 

Another effort to achieve the NCETE research goals focused on hiring post-doctoral research associates.  

Two of the NCETE doctoral graduates were interested in a post-doctoral research experience and were 

hired by the Center for a two-year program.  Nathan Mentzer, a doctoral fellow from Utah State 

University, and Cameron Denson, a doctoral fellow from the University of Georgia, began their post-
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doctoral work in August, 2008.  They were offered a two-year commitment from NCETE.  The post-

doctoral research associates were mentored by Daniel Householder, Kurt Becker and Christine Hailey.   

The University of Minnesota hosted the May 2008 NCETE meeting, which featured the on-going 

research activities of graduate students in the four doctoral institutions in the Center. Graduate students 

from Colorado State, Ohio State, Tufts, and Virginia Tech Universities were also invited to participate in 

the formal presentations of their research activities. The twenty presentations appear in the 

Proceedings of the Conference on Graduate Student Research in Engineering and Technology Education, 

available on the NCETE web site at http://ncete.org/flash/pdfs/RETE%20Proceedings.pdf.   

The March 25, 2009 NCETE research seminar, which was held in Louisville, Kentucky prior to the ITEA 

Conference, provided a comprehensive look at Center-supported research in professional development. 

This session began with a retrospective synthesis of the published materials describing the two initial 

years of professional development, then reported on the 2008 professional development workshops 

from the perspectives of the professional developers, the teachers, and the internal evaluator. A 

multiple case study analysis of engineering-oriented professional development concluded the morning 

session.  Informal updates were provided by the two recipients of start-up grants for doctoral graduates 

in faculty positions, followed by brief highlights of the four research efforts currently supported by the 

internal grant program. A panel comprised of the five doctoral graduates then offered suggestions for 

the direction of future NCETE research efforts. 

Center personnel are actively pursuing additional NSF funding possibilities for a wide range of research 

opportunities. During the year, proposals were submitted to the DR-K12 program, the RET program, the 

EEC symposium program and the CCLI program.  

The following sections provide detailed descriptions of the progress associated with each specific goal 

statement. 

 

III Research Goal 1a: Status Studies 

The first research goal was defined, in part, in response to feedback from the external evaluators, 

Inverness Research Associates.  They suggested it might benefit engineering and technology education 

to focus some efforts on status studies to describe what is currently in place in grades 9-12.  Research 

Goal 1a is to define the current status of engineering design experiences in engineering and 

technology education in grades 9-12. 

One of the major research efforts associated with this research goal was a commissioned paper for the 
National Academy of Engineering committee working on DR-K12 Award 0733584. NCETE provided part 
of the support for the work of Kenneth Welty, who reviewed existing K-12 engineering education 
curriculum materials and prepared a report that will be published as a CD-ROM in conjunction with the 
published committee report. Several of the doctoral fellows were also involved in the early stages of 
that research effort. The study was conducted as part of a larger project being conducted by the 
National Academy of Engineering and the National Research Council. Among other factors, the analysis 

http://ncete.org/flash/pdfs/RETE%20Proceedings.pdf
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examined the mission and goals of the curricula; the presence of engineering concepts, such as analysis, 
modeling, systems, and constraints; and the use of mathematics, science, and technology (Welty, K., 

Katehi, L., Pearson, G., & Feder, M., 2008). 
 
Todd Kelley’s doctoral dissertation, Examination of Engineering Design in Curriculum Content and 
Assessment Practices of Secondary Technology Education, informed this research goal.  He examined the 
current status of technology education teacher practices with respect to engineering design.  ITEA 
members, who were also high school teachers, were surveyed about the extent to which engineering 
design concepts are incorporated into curriculum content and the assessment practices employed by 
secondary technology educators. The survey also identified challenges faced by technology educators 
when seeking to implement engineering design.  Design thinking related to engineering design and 
engineering communications were greatly emphasized in secondary technology education programs.  
Engineering and human values, engineering sciences, and engineering analysis were the least 
emphasized categories in technology education curriculum content. 
 
Another doctoral fellow, Jenny Daugherty, reviewed the status of professional development programs.  
In particular, her study consisted of multiple case studies of selected professional development 
programs designed to prepare secondary teachers to deliver engineering-oriented education. The focus 
was on understanding the professional development design, fundamental content knowledge, essential 
pedagogies, unique challenges, and effective practices involved in this type of professional 
development.  Five professional development programs were examined, including: Engineering the 
Future, Project Lead the Way, Mathematics Across the Middle School MST Curriculum, The Infinity 
Project, and INSPIRES. Jenny and Rod Custer interviewed the leadership, instructors, and participating 
teachers; observed the in-person workshops; administered a survey to the teachers; and analyzed the 
project’s documentation. The findings from the individual case studies were compared and summarized 
across the five research questions.  Jenny’s dissertation study was part of a larger study in progress, led 
by Rodney Custer, to develop a foundation of knowledge on which to ground a professional 
development model for engineering-oriented technology education.  

 

IV Research Goal 1b: Professional Development 

This research goal builds on experiences of the first two years of the Center where individual sites 

conducted professional development to infuse engineering design into high school classrooms. These 

early experiences lead to the following research goal: to define an NCETE model for professional 

development by examining the design and delivery of effective professional development with a focus 

on selected engineering design concepts for high school technology education. Research investigations 

are underway to achieve this research goal. In addition, one of the core courses taken by the doctoral 

fellows at the four doctoral-degree granting institutions helps support this goal. 

a) Background   

In the first two years of the Center, five sites developed and implemented professional development 

(PD), with university faculty members working with teachers to infuse engineering design into high 

school classrooms. These early experiences resulted in a series of reports and presentations including:  
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Asunda and Hill (2007), Becker & Custer (2005, 2006), Becker (2006, 2007), Merrill, Custer, Daugherty, 

Westrick & Zeng (2007), Shumway, Berrett, Swapp, Erekson & Terry (2007), Merrill, Childress, Rhodes & 

Custer (2006), and Tufenkjian, Maurizio & Lipton (2006). 

Synthesis of first two years of professional development activities and the research studies to help the 

Center understand PD effectiveness provided guidance to the Center on essential features of effective 

PD, especially those learned from the mathematics and science communities. This work built on a spin-

off project of the Center, the National Symposium to Develop an Effective Model for the Professional 

Development of K-12 Engineering and Technology Education Teachers (NSF Award 0533572). In 

addition, the Center held a series of meetings to attempt to synthesize the lessons learned from two 

years of PD pilot studies that were conducted at five of the partner sites. Partners from USU, BYU, NCAT, 

ISU and CSULA planned a PD review workshop. A culminating one-week workshop, held at Illinois State 

University, involved: NCETE professional development providers; exemplary teachers, who had 

experienced one of the NCETE site-specific PD programs; beginning teachers; high school students; and 

internal and external evaluators (Cullum, J., Hailey, C., Householder, D., Merrill, C., & Dorward, J., 2008).   

b) Movement Toward an Exemplary Professional Development Program  

A year-long professional development (PD) program was developed, based on the experiences of earlier 

PD activities within the Center and the current body of research. This program represents the first-step 

in developing an exemplary PD program for infusing engineering design thinking into a variety of 

science, technology, engineering, and mathematics (STEM) classes.   

The goals of the year long PD program were to enable high school teachers of STEM to: 

 Increase their subject matter knowledge in engineering design and strengthen their mastery 
of pedagogical content knowledge related to the infusion of design experiences into their 
courses.  

 Apply principles and practices of engineering design as they work individually and in small 
groups to develop solutions to technical problems. 

 Develop proficiency in introducing engineering design challenges to high school students as a 
part of standards-based instruction in science, technology, engineering and mathematics. 

 Engage in reflective practice as members of the learning community by analyzing 
instructional effectiveness, modifying lessons, and revising materials in order to improve 
subsequent instruction. 

 Identify and select design challenges and instructional materials that will motivate and 
enable their students to move efficiently through learning progressions in engineering 
design. 

 Assess the effectiveness of student performance in completing open-ended engineering 
design challenges 

 Infuse engineering design experiences in their science, technology, and mathematics on a 
regular, on-going basis so their students acquire key engineering concepts while exploring 
the STEM disciplines  
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Two sites were selected to pilot the exemplary program:  CSULA and NCA&T.  Both sites had positive 

involvement from engineering faculty as content experts on the professional development teams and 

access to diverse teacher and student populations.  CSULA had access to STEM academies through Long 

Beach Unified Schools and NCA&T had access both to STEM academies and to traditional technology 

education programs.  Jim Dorward, Professor of Elementary Education at Utah State University served as 

the program evaluator.  His evaluation efforts were supported by a doctoral student, Jodi Cullum.   

Foundation Program:  The initial phase of PD program was a series of spring workshops that included a 

range of activities, including presentations, teambuilding, hands-on cooperative learning experiences, 

and group activities.  Specific topics and activities included engineering, the engineering design process, 

the role of the engineer, teambuilding, using science and mathematics for predictive analysis, infusing 

engineering design into science, mathematics and technology classes, developing engineering design 

challenges, participating in several engineering design challenges, and teacher reflection.   

Since the teachers had varied STEM backgrounds; each teacher was asked to apply what he or she 

learned to develop an engineering design challenge that could facilitate infusion of engineering design 

into one of their actual high school classes.  To do this successfully, the teachers needed a high level of 

understanding of the engineering design process itself.  Furthermore, each teacher had to consider what 

would interest students and meet appropriate STEM standards, while working within the existing 

physical environments and time constraints in their classrooms.  

At the conclusion of the Foundation Program, participants developed their initial concepts and proposals 

for their own engineering design challenges. They then received feedback from their teacher colleagues 

and the professional development facilitators. 

Summer Workshops: The summer workshops provided significant time for the participants to work with 

the facilitators, other consultants, and their colleagues to further refine their engineering design 

challenges.  During the initial three-day period, emphasis was placed on participants’ refining and 

completing development of their engineering design challenges, constructing required apparatus for the 

hands-on component(s), refining the science and math for the predictive analysis components, refining 

the instructional design/lesson plans, pilot testing, and determining how student performance will be 

assessed.  Activities of the remaining two days focused on sharing all engineering design challenges with 

the group, presenting selected elements, applying assessment rubrics and identifying what else must be 

done to infuse the engineering design challenges into their classes, and discussing additional steps. 

Classroom Implementation and Observation:  The 2008-2009 academic year provided opportunities for 

teachers to begin infusing engineering design into their classes using a variety of teaching and learning 

strategies.  Teachers include elements of engineering design and predictive analysis as appropriate into 

their classes with observation, when possible, by professional development facilitators. 
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c)  Evaluation of the Year Long Professional Development Program 

The program evaluation employed multiple mixed-methods which included: observation of foundation 

and summer workshop professional development activities; pre- and post surveys of participant 

knowledge and skills related to engineering design; and post-implementation interviews with 

participants and professional development facilitators. The results of the program evaluation are 

included in the Findings Section of this Annual Report in a section entitled “Final Internal Evaluation 

Report for 2008-09 NCETE Professional Development Program.”  The report focuses on information 

generated from initial planning in Fall 2007, to classroom implementation of engineering design 

principles during Fall 2008 and Winter 2009.  That report is also included in the Findings Section of this 

Annual Report. 

d) Research Studies Associated with the Year-Long Professional Development Program   

Two NCETE post-doctoral research associates and an NCETE internal evaluator conducted a case study 

to describe the lesson planning processes that teachers used during the year-long PD program to plan 

for the introduction of the engineering design process into their courses. This study was guided by the 

following research question: How do high school STEM teachers plan to implement engineering design 

in their classrooms? The 17 teachers participating in this study were science, mathematics, and 

technology education teachers who work under the constraints of standards-based curriculums. Data 

considered in this study were limited to the professional development experiences and did not include 

observations of teaching behaviors in teachers’ classrooms. A multisite case study approach formed the 

methodology for this study, utilizing the coordinated professional development efforts of NCA&T and 

CSULA. (Denson, C., Mentzer, N., & Cullum, J., 2009) 

Another study currently underway involves synthesizing the findings of five different observers who 

observed the PD sessions at NCA&T and CSULA.  Two qualitative researchers observed each of the 

foundation and workshop sessions. Data analysis is underway. 

e) Professional Development Workshop at ITEA  

NCETE sponsored a pre-conference workshop March 25 as a part of the 71st annual International 

Technology Education Association Conference in Louisville, KY.  The workshop was titled Introducing 

Engineering Design Challenges into Your High School Classroom.  Faculty from NCA&T and CSULA led the 

workshop supported by two high school mathematics teachers, one from Long Beach Unified School 

District and one from Windsor, North Carolina.  Both mathematics teachers had been participants in the 

year long professional development program.  

 

V Research Goal 1c: Learning & Teaching 

An important component of the first Center research goal is to conduct research to identify guidelines 

for the development, implementation, and evaluation of engineering design in technology education. 
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a) Dissertation Studies  
 
A number of doctoral fellows have focused their research to align with this goal.  In particular, Mentzer’s 
dissertation, “Academic Performance as a Predictor of Student Growth in Achievement and Mental 
Motivation During an Engineering Design Challenge in Engineering and Technology Education,” 
examined whether students’ academic success was correlated with student change in achievement 
during an engineering design challenge, and student change in mental motivation toward solving 
problems and critical thinking during an engineering design challenge.  Walrath’s dissertation, “Complex 
Systems in Engineering and Technology Education: A Mixed Methods Study Investigating the Role 
Computer Simulations Serve in Student Learning,” was conducted to determine if students receiving 
complex systems instruction in the form of software simulations recognize patterns and underlying 
elements of complex systems more effectively than students receiving traditional instruction. Franske’s 
dissertation, “Engineering Problem Finding in High School Students,” explored the engineering problem 
finding ability of high school students at three high schools in Minnesota. Students at each of the three 
schools had differing backgrounds, including pre-engineering coursework, traditional technology 
education coursework, and advanced science coursework.  
 

Three doctoral students focused on underrepresented groups and the learning and teaching of 

engineering.  Austin’s dissertation, “Factors Influencing African American High School Students in Career 

Decision Self-efficacy and Engineering Related Goal Intentions,” looked at a number of factors that may 

explain the lack of equity in the choice of engineering as a career.  Denson’s dissertation, “Impact of 

Mentorship Programs on African-American Male High School Students’ Perceptions of Engineering,” 

examined the impact of mentorship programs on African-American male high school students’ 

perceptions of engineering. In his study, indicators of students’ perceptions included students’ 

perceptions of engineering, their self-efficacy in the area of math, and their self-efficacy in the area of 

science.  Roue’s dissertation, still in progress, looks at the influence of grade level and gender on 

divergent thinking skills.   

b) Internal Grants  

In year five, the NCETE invited Center partners to prepare proposals for research to further the research 

mission of the Center. The internal grants were intended to support intensive scholarly endeavors over a 

period of 6 to 12 months during the period ending August 31, 2009. Funding for individual grants ranged 

from $10,000 to $45,000 for total direct and indirect costs, including released time or summer salaries 

for faculty, support for graduate students, travel, equipment, and supplies. A 10% cost-share is required.  

Nine internal proposals were submitted for review.  Six of the proposals aligned with the research 

mission of the Center and were externally reviewed by a panel consisting of Christine Cunningham, 

Boston Museum of Science; Gene Martin, Texas State University; and Larry Genalo, Iowa State 

University.  Based on the external reviews, four were funded.  Below is a description of the funded work 

and progress to date.   

Custer, R. L. & Daugherty, J. Formulating the conceptual base for secondary level engineering education: A 

review and synthesis.   

The study was designed to identify and refine a conceptual foundation for secondary level engineering 



10 
 

education. Over the past decade, the interest in engineering at the secondary level has grown 

dramatically. However, in spite of the increased interest, there is a lack of a coherent and well-defined 

articulation of concepts appropriate for secondary level engineering. As a result, curriculum and 

professional development tend to revolve around student and teacher engagement and the process 

dimensions of engineering. While these aspects are important, academic rigor demands that the 

conceptual foundations of engineering be established and clearly articulated. 

The primary methodology for the study has been to review and synthesize key literature. Key input 

activities include conducting a review and synthesis of extant materials focusing primarily on standards 

and curriculum materials as well as selected literature from the history and philosophy of engineering 

and technology. The review also includes relevant findings obtained from the NSF-funded National 

Symposium on Engineering and Technology Professional Development and the NCETE-funded landscape 

study of engineering-oriented teacher professional development practices. In addition to document 

analysis, a series of focus groups sessions has been conducted with selected engineering educators and 

practicing engineers to identify and classify their recommendations of concepts appropriate for 

secondary level engineering. Subsequent to the review and synthesis, the study will also include a 

reaction process, which will be conducted as a final, refinement focus group. The purpose of this phase 

of the study will be to refine the list of concepts generated through the first phase of the study (i.e., the 

review and synthesis, and the focus groups). 

The review and analysis of the philosophical and historical materials has been completed along with the 

development and application of an analysis procedure designed to classify the identified concepts as 

“core”, “engineering”, and “concepts.” Three focus groups have been conducted and analyzed. Current 

activity is concentrated on analyzing a body of secondary level, engineering-oriented curriculum 

materials. This phase of the process will be completed by mid-May. The final synthesis focus group will 

be conducted by the end of June. The final report will be submitted by the end of August 2009. 

Wicklein, R. & Mativo, J. Learning effects and attitudes of design strategies on high school students.  

Using experimental research methodology, of this study will compare learning and attitudinal effects of 

two different design instructional strategies on randomly selected and assigned 11th and 12th grade 

students.  Through the use of a common technological problem, students will be guided through a 

design sequence that will utilize two different instructional approaches (a) predictive analysis and (b) 

trial and error.  At the completion of a five-day (15 hour) learning activity, a standardized engineering 

design test will be administered to the students to evaluate differences in engineering design 

capabilities.  Additionally, students will complete an attitude inventory related to their perceived 

enjoyment and general value of the instructional group that they were assigned to.  The following 

research questions guide this study. 

i. Is there a significant difference in engineering design learning ability for students who 
participated in a predictive analysis based engineering activity when compared with a trial and 
error based engineering activity? 

ii. Is there a significant difference in learning attitude for students who participated in a 
predictive analysis based engineering activity when compared with a trial and error based 
engineering activity? 
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The results of this research will help establish a quantitative base of knowledge pertaining to the role 

and focus of engineering related curriculum and instruction for the field of technology education.  

Currently, there is significant discussion and debate pertaining to the importance and value that an 

engineering based curriculum may have on the field of technology education.  However, there are few 

quantitative data that can be generalized to the field that pertain directly to the learning effects of 

predictive analysis as a basis for teaching engineering design.  This research will add significantly to this 

knowledge base. 

The following project activities have been completed to date: a) identification of school partners; b) IRB 

approval; c) selection of instructional topic and preparation for instructor training; d) selection and 

training of instructors; and e) preparation of classroom and laboratory facilities. The following activities 

are still be done: a) selection of student participants; b) random assignment of participants; c) 

conducting of instructional programs, d) data collection and analysis; and e) dissemination of results. 

Shumway, S., Wright, G., & Terry, R. A case study of the implementation of an engineering program into 
a high school technology education classroom.  
Using a case study format, the study objective is to collect qualitative and quantitative data related to 
the NCETE research question: What issues, opportunities, and constraints do teachers confront as they 
change their approaches to teaching to infuse engineering concepts into technology education?  
Specifically, the investigators are collecting data that will allow them to investigate issues, constraints 
and opportunities experienced by a technology teacher who is in the first year of implementation of an 
engineering program at the high school level.   
 
The teacher and district personnel were contacted during summer 2008 and permission was received to 
conduct the study.  The teacher was interviewed before the start of the school year and interviews have 
been conducted at least monthly throughout the school year.  In addition, the researchers have visited 
the class and observed the teacher and students as they participate in various engineering activities and 
reviews of lesson plans and activities are being conducted.  Finally, a written survey was given to the 
teacher after the first semester and the findings of that survey were presented at the NCETE winter 
meeting in Louisville, KY.  Since that time, the interviews and observations have continued.  At the end 
of the school year the teacher will complete another written survey regarding the research questions.  
The findings from the various interviews, surveys, lesson and activity analysis and observations will be 
synthesized into a final report by August 31. 
 
Lawanto, O. & Stewardson, G. Problem-solving in the engineering laboratory: Understanding how 
learning styles relate to motivation and learning strategies in grades 9-12.  
The intent of this quantitative study is to improve understanding of the ways different approaches to 
solving an engineering design problem impact students’ motivation.  Approximately 80 students in 
grades 9-12 from several schools that implement Project Lead the Way (PLTW) curriculum are 
participating in the study. This study evaluates students’ motivation while working on two distinct 
engineering design activities: a design challenge that relies on design analysis (i.e., Bridge Design) and a 
one that relies on a creative trial-and-error process (i.e., Marble Sorter). One research question was 
constructed to guide the study: How do analysis-focused and creative trial-and-error-focused design 
activities impact students’ motivation? Two versions of Engineering Design Questionnaires (EDQ) are 
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used to assess students’ motivation: EDQ-Bridge-Design (EDQ-BD) and EDQ-Marble-Sorter-Design (EDQ-
MSD).  
 
Four high schools have submitted part one of the survey (i.e., EDQ-MSD).  Two schools are in Indiana 
and the other two schools are in Utah. Those four schools have provided 75 data sets for the first part 
of the survey. There is an indication that some schools may not complete the bridge design activity this 
academic year. Therefore, there is a possibility that an extension of time may be required in order to 
collect Survey part 1 (EDQ-MSD) and Survey part 2 (EDQ-BD) from those schools. 
 

c) New Faculty Grants  
 
In addition to the internal grants described above, NCETE provided start-up grants to two former NCETE 
fellows who had completed their Ph.D.s and were in their first year as faculty members. 

 
Kelley, T. & Strobel, J., PLTW and Epics-High: Curriculum and inter-school comparisons of the 
effectiveness of the programs to support the development of problem solving in the context of design. 
The goal of this study is to compare and contrast EPICS-High and PLTW, two different engineering –
focused curriculum programs implemented at the 9-12 grade level in regard to their effectiveness in 
teaching higher order thinking, particularly in the areas of design and problem solving. An outcome of 
this research will be transferable results on the effectiveness of the two programs and a preliminary 
explanation of the results. In addition, the study seeks to define characteristics of the different design 
experiences embedded in PLTW and EPICS-High by examining the nature of problems utilized and the 
integration of math and science in the respective curricula. An outcome of the results of this research 
will be a list of core elements of engineering design problems appropriate for study at the high school 
level.  

  

Stricker, D., A case study: Teaching engineering concepts in science.  
This study seeks to understand how a particular high school engineering education program derived 
organically from a science and math emphasis approaches engineering concepts.   Data will be collected 
through interviews, classroom observations, and collected curriculum documents in the classroom in a 
Minnesota high school. While 2008-2009 observations have been completed, the data have not yet 
been compiled and synthesized. 

 

VI Goal 2: Building Capacity 

The second Center goal is to build leadership capacity by developing a collaborative network of scholars 

who work to improve understanding of the process of learning and teaching of engineering design in 

technology education. 

In year five, the leadership development efforts focused on the doctoral and postdoctoral students to 

help them become future leaders in conducting research on STEM learning and teaching.  

a) Doctoral Students  

Consistent with the goal of the NSF Centers for Learning and Teaching, to renew and diversify the cadre 

of leaders in STEM education, the Center has worked to develop a community of doctoral fellows that 
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will become leaders in engineering and technology education.  The fellows reside at the four research 

partner institutions:  University of Georgia (UGA), University of Minnesota (UMN), University of Illinois 

at Urbana-Champaign (UIUC), and Utah State University (USU).   The NCETE doctoral fellows take core 

courses together and came together during annual workshops to share research results and strengthen 

their sense of community. The fellows and faculty experience the strengths of the four research partners 

rather than that of a single institution.  

Technology education has historically been dominated by white males; consequently the Center is proud 

of the diversity that our doctoral fellows bring to the profession.  Over 40% of the fellows are from 

underrepresented groups.  The Center currently has eighteen doctoral fellows.  Eight have graduated 

and ten are enrolled at one of the partner institutions.  The demographics of the eighteen doctoral 

fellows include two African American males, one Jamaican male, one Asian male, ten white males, three 

white females and one African American female.  Since its inception, the Center has lost four doctoral 

fellows, all early in their programs of study.  Once the fellows have completed course work and passed 

qualifying examinations, the Center has been successful in retaining the students. Brief biographical 

sketches of the fellows can be found at http://ncete.org/flash/graduate_fellows.php . 

Eight Center fellows have completed their doctoral programs.  Of these eight, three will be in tenure-

track positions at Purdue University, one is a research professor at the University of Wisconsin-Stout, 

one is a post-doctoral faculty member at Utah State University, and one is Director of the Northern 

Alaska Career and Technical Education Center.  Two fellows recently defended their dissertations in May 

2009 and have yet to announce their future plans. 

The Center has initiated a new faculty grant program to support fellows as they develop their research 

agendas as faculty members.  Todd Kelley at Purdue University and David Stricker at the University of 

Wisconsin-Stout have been the recipients of new faculty grants for the 2008-09 academic year.  The 

Center also supports the fellows’ dissertation research for amounts up to $10K for justified direct costs.   

The Center views the NCETE doctoral fellows as a select group of doctoral students who share similar 

backgrounds because of the core course sequence and opportunities to gather and discuss research 

results. In addition to the NCETE fellows, the Center has funded doctoral students who have helped 

conduct the research of the Center. Paul Asunda and Cameron Smith have completed doctoral programs 

at UGA, Mauvalyn Bowen has completed a doctoral program at UMN, John Duncan and Oenardi 

Lawanto have completed doctoral programs at UIUC and Jodi Cullum completed her doctoral work at 

USU. Asunda, Smith, Duncan, and Lawanto have doctoral degrees in the area of technology education. 

Cullum completed her doctorate in psychology and Bowen in human resource development. The Center 

also funded Edward Locke at the University of Georgia who will complete a Specialist in Education 

degree in August. 

b) Doctoral Core Courses  

NCETE faculty developed a two-year sequence of courses especially for the fellows. Each semester, one 

of the courses originated at a doctoral-degree-granting partner institution and distance-delivery 

technology was used to reach students at the other three doctoral sites. The “core courses” focused on 

http://ncete.org/flash/graduate_fellows.php
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cognitive science in engineering and technology education, the theoretical foundations of engineering 

design, and the application of engineering design. The core courses supplement the doctoral course 

work required at the respective institutions. 

Cohort one fellows completed the core-course sequence in years two and three (2005-2007). Faculty 

and representatives from cohort-one fellows from USU, UIUC, UMN and UGA met in Chicago, Illinois on 

July 10, 2007, to review and refine the core courses and other aspects of the fellows’ doctoral program. 

One significant outcome of the meeting was recognition of the need to provide an introduction to 

engineering design, including opportunities to engage in engineering-like design experiences, early in 

the doctoral experience.  Another significant outcome of the meeting was the addition of more research 

experiences in the core course sequence.  

Cohort Two fellows experienced an improved sequence of core courses.  During fall semester 2007, a 

two -hour seminar originated at USU to orient cohort two fellows to engineering design and research 

opportunities within NCETE. Ty Newell, a mechanical engineer from UIUC, conducted four seminar 

sessions on the engineering profession and engineering design as seen through the eyes of an 

engineering educator.  In addition, David Gattie, a biological engineer from UGA, conducted a session on 

systems thinking in engineering and Ted Lewis, UMN, conducted a session on selecting a dissertation 

research topic. 

The first NCETE core course, The Role of Cognition in Engineering and Technology Education, was 

revised and taught for the second time during spring semester 2008 by Scott Johnson. The majority of 

the course readings described empirical studies of cognition that focused on technical learning and 

thinking. Each student was expected to analyze a research report and present the major concepts from 

the article to the class. The fellows were also expected to write and present a major paper that reviewed 

and synthesized the literature on a critical issue related to cognition in engineering and technology 

education. Each fellow was also expected to conduct an analysis of the development of expertise in a 

domain of his or her choice using the protocol analysis method. This method of research was introduced 

in class as a way to capture empirically the thought processes that are used as the research participant 

completes a task. The fellows designed and conducted the study and wrote a technical report that 

included a description of the problem being addressed, the methods used to collect and analyze data, 

and the results and conclusions. The fellows also made formal presentations of their studies to the class. 

The second NCETE core course, Design Thinking in Engineering and Technology Education, was taught 
for the second time during summer semester 2008. Theodore Lewis was the lead teacher with an 
engineering perspective provided by Gary Benenson. The course explored the concept that design is the 
primary conceptual anchor for technology education, drawing the subject ever more tightly toward 
engineering. As the doctoral students reviewed contemporary literature in design thinking, they were 
asked to identify the conceptual framework against which the study was set, the quality of the research 
problem, the design/methodological approach of the study, the findings and recommendations, and 
study limitations. The students were expected to analyze a body of research and develop a journal-
quality synthesis paper.  
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In the third NCETE core course, Engineering Design: Synthesis, Analysis and Systems Thinking, the 
fellows were exposed to engineering design techniques. This course was team taught by engineering 
and technology education faculty at the University of Georgia (David Gattie, Syd Thompson, Nadia 
Kellum, Robert Wicklein and RogerHill). The course provided the fellows with an academic experience 
that fostered critical questions and recognition and identification of potential issues associated with 
infusing engineering design into K-12. The course identified the drivers of engineering design and the 
challenges of appropriately modulating qualitative reflection, quantitative analysis, critical thinking, 
mathematics and science within an engineering design process for technology education teachers and K-
12 students. Fellows were asked to develop a curriculum model that integrated engineering design 
concepts and activities into a technology education program. 

The fourth NCETE core course, Engineering Design in STEM Ed, focused on the integration of engineering 
design principles via engineering design challenges through research, development, and evaluation in 
grades 9-12 engineering and technology education. It was team taught by Mark Tufenkjian, an 
engineering faculty member at CSULA, and technology education faculty members Kurt Becker at USU 
and Jenny Daugherty and Rodney Custer at Illinois State University (ISU).  Concepts explored in the 
course included curriculum development; students as learners and teachers; and engineering problem 
solving, analysis, modeling, optimization, and design. The differences between the engineering and 
technology education approaches to design were discussed, and engineering learning modules were 
developed that were exemplars of the engineering approach. The course focused on development of 
various aspects of high-school-level engineering design challenges, and on ways that evaluation and 
assessment could be used to improve teaching and learning in engineering and technology education.  
Professional development methodologies to integrate engineering design were also explored. 

c) Research Leadership Development for Fellows  

Conference on Research in Engineering and Technology Education:  NCETE hosted a graduate student 

conference at the University of Minnesota May 22-23, 2008. Doctoral student research in the field of 

engineering and technology education was the focus of the meeting. NCETE fellows were joined by 

doctoral students and their mentors from Tufts University, Virginia Tech, Colorado State University, 

Purdue University, and Ohio State University.  They shared research interests and built professional 

networks.  

A conference proceeding has been published by NCETE and is available on the Center website 

(http://ncete.org/flash/pdfs/RETE%20Proceedings.pdf).  Theodore Lewis, conference host, summarized 

the major research themes presented by the doctoral students in the introductory section of the 

proceedings.  Twenty student papers are assembled in the proceedings, representing a spectrum of 

scholarship ranging from research synthesis papers from their doctoral course work to reports of 

completed doctoral dissertations.   

Pre-ITEA Research Seminar: NCETE hosted a research seminar for Center faculty and doctoral students 

on May 25, 2009 prior to the ITEA conference.  The morning session focused on findings from the variety 

of professional development programs conducted by the Center over the past five years.  The afternoon 

session focused on progress on research funded by an internal grant process.  At the conclusion of the 

morning and afternoon sessions, the recently graduated doctoral fellows participated in a panel where 

they were asked to synthesize the day’s presentations and then discuss implications for the future. 

http://ncete.org/flash/pdfs/RETE%20Proceedings.pdf
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Cohort Two Leadership Development:  In July, cohort two fellows will participate in an NCETE-sponsored 

workshop in Washington, DC.  The tentative program includes: Greg Pearson from the National 

Academy of Engineering on the NAE and its Role in K-12 Engineering and Technology Education; Patty 

Curtis, Managing Director of the Washington Office of the Boston Museum of Science, speaking about 

Influencing Federal Policies in Engineering and Technology Education; recipients of NSF funding who will 

present overviews of their research programs;  and NSF program officers discussing NSF programs, 

proposal writing and funding.  

d) Twenty-first Century Leader Associates (TCLA)  

The Council on Technology Teacher Education (CTTE) has set out to help early-career professionals begin 

to develop a stream of research and to develop skills necessary for negotiating promotion and tenure.  

The idea for an initiative to help early-career professionals was developed in 2005, and was piloted in 

2006 and 2007. Prior to 2007, the TCLA activities consisted of a series of on-line discussions about 

leadership.  In 2007, as a pilot program, the National Center for Engineering and Technology Education 

provided resources so that the program could include some activities in Washington, DC. The TCLA 

experience was modeled after a leadership experience that NCETE had provided for the Cohort One 

fellows.  In September, 2008 NCETE supported the travel of five TCLA professionals to attend a meeting 

in Washington, DC.  Given the success of the 2007 and 2008 CTLA experiences in Washington, DC, both 

CTTE and ITEA are exploring ways to fund this activity in the future. 

e) Postdoctoral Students  

In additional to doctoral students, the leadership development effort focused on postdoctoral students 

to help them become future leaders in conducting research on STEM learning and teaching. Two NCETE 

doctoral fellows were selected for post-doctoral research associate positions at Utah State University.  

As part of their leadership development, they attended four professional conferences during their year 

at USU.  They presented papers at both the International Technology Education Associate conference 

and the American Society for Engineering Education conference.  They also attended the American 

Educational Research Association conference and the Seventh Annual Harvey Mudd Design Workshop.   

Attendance at the two latter meetings enabled the post-docs to network with important leaders in the 

STEM education field and acquainted them with the research challenges being addressed in the broad 

STEM community. 

 

VII Goal 3: Communication 

The third goal of the Center is to establish and maintain a communication program to inform all 
stakeholder groups of NCETE activities and accomplishments.  In year five, we have continued to 
improve internal communication among Center participants and to provide accurate, up-to-date 
information on Center activities to external stakeholder groups. In an attempt to bolster our 
communications program, NCETE employed a University of Georgia graduate student to help in its 
public information efforts. 
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Communications initiatives designed to reach external audiences include the NCETE Web site, CLT Net, 
the NCETE Newsletter, conference presentations, poster sessions, and publications in the scholarly and 
professional journals. Internal communication relies heavily upon e-mail messages and conference 
telephone calls, in addition to the distance delivery of instruction to the fellows at the four doctoral 
sites.  Center-wide meetings play an important role in internal communication; these gatherings of 
fellows and faculty were at the University of Minnesota in May 2008 and prior to ITEA in March 2009. 
The Conference on Research in Engineering and Technology Education in May included invited doctoral 
students and faculty members from Colorado State University, The Ohio State University, Purdue 
University, Tufts University, and Virginia Tech University. 

The NCETE Web site, http://www.ncete.org continues to be updated. Two issues of the NCETE 

Newsletter were developed during the current year for distribution to officers and board members of 

the International Technology Education Association, the American Society for Engineering Education, 

the Center for the Advancement of Science and Engineering Education; to engineering educators in 

universities across the country; to participants in the NAE State Educators’ Symposium on Technological 

Literacy; and to state supervisors of technology education, mathematics education, and science 

education. The primary purpose of the Newsletter is to reach an audience of stakeholders who share 

our vision of engineering and technology education, but who are not necessarily aware of the range of 

NCETE activities, and who may not regularly visit the NCETE Web site. 

It is important to note that the increasing number of presentations and the increasing number of NCETE 

personnel involved in those presentations contribute substantially to the accomplishment of the 

external communication goal. The people who are most interested in the emerging field of engineering 

and technology education are the likely audience for conference presentations, and the expertise of 

Center personnel is being recognized by an increasingly wider audience. 

 

VIII Realignment of Center Budgets to Achieve Mission and Goals 

As an outcome of the reverse site visit, NCETE was asked to refine our mission, refocus our goals, and 

tighten our research framework.  In order to respond to the requests from NSF, we have shifted from 

teacher enhancement programs at five teacher educator sites to research on a professional 

development model. In addition, funds allocated for teacher enhancement in the original proposal 

budget have been redirected to funding dissertation research, the internal research program, the new 

faculty grant program and two post doctoral research associates.  The Center continues to fund doctoral 

fellows including stipends, tuition and funds for travel and research. 
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Abstract 

 

 In September, 2007 the NCETE management team commissioned university 

partners from North Caroline A&T and California State at Los Angeles to work 

collaboratively on development of a new professional development program with a focus 

on infusing engineering design into high school curriculum.  The goals for this one year 

program were to:   

 Increase teacher subject matter knowledge in engineering design and strengthen 

their mastery of pedagogical content knowledge related to the infusion of design 

experiences into their courses.  

 Apply principles and practices of engineering design as they work individually 

and in small groups to develop solutions to technical problems. 

 Develop proficiency in introducing engineering design challenges to high school 

students as a part of standards-based instruction in science, technology, 

engineering and mathematics. 

 Engage in reflective practice as members of the learning community by analyzing 

instructional effectiveness, modifying lessons, and revising materials in order to 

improve subsequent instruction. 

 Identify and select design challenges and instructional materials that will motivate 

and enable their students to move efficiently through learning progressions in 

engineering design. 

 Assess the effectiveness of student performance in completing open-ended 

engineering design challenges 

 Infuse engineering design experiences in their science, technology, and 

mathematics on a regular, on-going basis so their students acquire key 

engineering concepts while exploring the STEM disciplines 

 

The professional development model included the following elements: selection 

of cross-disciplinary teacher teams, use of communication technologies to minimize 

participant travel and sustain training over several months, a closely monitored 

implementation phase, and a strong evaluation component. 

The program evaluation employed multiple mixed-methods which included: 

observation of spring and summer professional development activities; pre- and post 

surveys of participant knowledge and skills related to engineering design, and post-

implementation interviews with participants and professional development facilitators. 

 

 Major findings from the evaluation of the one-year NCETE professional 

development program were: 

 All participants indicated that they have used some of the teaching strategies and 

steps in Engineering Design in one or more of their classes.   

 Most participants indicated that they did not implement a complete Engineering 

Design challenge in their classes.  Reasons for this finding included 

appropriateness of the content, the time required to fully implement a challenge, 

and lack of interest or feasibility with their current curriculum.   

 All participants indicated students derived benefits from teaching strategies or 

elements of activities from the PD that they were able to implement.  These 
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benefits included an increase in critical thinking, more student-centered focus, 

improved attitudes toward group work, increased interest in abstract subjects such 

as math.   

 Most participants indicated value associated with working with other teachers 

(interdisciplinary teaming) on activity development and implementation. 

 

The evaluators recommend the following for future professional development in 

infusing engineering design into secondary mathematics and science: 

 Increase emphasis in the workshops on the value added to student knowledge, 

skills, and attitudes when participating in group problem solving activities.  

 Increase the number of short-term projects taught by the developers during the 

workshop.  

 Align engineering design challenges to current high school curriculum.  

 Provide additional assistance to teachers in understanding and applying math 

formulas used in engineering.  

 Extend the professional development model over two years. 

 Cultivate and nurture support from school administrators and curriculum 

developers. 
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Background 

 

In 2003, researchers from Utah State University, the University of Georgia, and 

Brigham Young University assembled a strong team of engineering educators and 

technology educators to propose the establishment of the National Center for Engineering 

and Technology Education (NCETE).  The NCETE links technology educators with 

engineering educators in a partnership to build capacity and diversity in engineering and 

technology education at all levels.  In addition, NCETE is designed to infuse engineering 

content, design, problem solving, and predictive analytical skills into K-12 schools 

through technology education. 

A major activity of NCETE is technology teacher education (TTE).  The TTE 

component for the first two years involved five university partners delivering five 

different professional development programs to public school teachers.  The following 

six goals framed NCETE's initial teacher professional development efforts: 

 

 Develop teachers’ instructional decision making so that it focuses on the 

analytical nature of design and problem solving needed to deliver technological as 

well as engineering concepts.   

 Facilitate teacher-initiated change in program design, curricular choices, 

programmatic and student assessment, and other areas that will impact on learning 

related to technology and engineering. 

 Develop teachers’ capabilities as learners so that they assume leadership for their 

professional development activities, including recruiting and mentoring their 

colleagues 

 Create a pool of highly skilled cooperating teachers who will accept pre-service 

technology teachers into their classrooms and mentor the next generation of 

technology/engineering teachers to effectively teach students of diverse 

backgrounds. 

 Develop engineering analysis and design skills in technology teachers, including 

strengthening their mathematics and science knowledge and skills. 

 Develop curriculum integration and collaboration skills in practicing technology 

teachers so that they can effectively collaborate with mathematics and science 

teachers. 

 

Responding from feedback on initial TTE efforts, the NCETE management team 

commissioned university partners from North Caroline A&T and California State at Los 

Angeles to work collaboratively on development of a new professional development 

program with a tighter focus on engineering design.  The goals for this revised program 

are:   

 

 Increase teacher subject matter knowledge in engineering design and strengthen 

their mastery of pedagogical content knowledge related to the infusion of design 

experiences into their courses.  

 Apply principles and practices of engineering design as they work individually 

and in small groups to develop solutions to technical problems. 
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 Develop proficiency in introducing engineering design challenges to high school 

students as a part of standards-based instruction in science, technology, 

engineering and mathematics. 

 Engage in reflective practice as members of the learning community by analyzing 

instructional effectiveness, modifying lessons, and revising materials in order to 

improve subsequent instruction. 

 Identify and select design challenges and instructional materials that will motivate 

and enable their students to move efficiently through learning progressions in 

engineering design. 

 Assess the effectiveness of student performance in completing open-ended 

engineering design challenges 

 Infuse engineering design experiences in their science, technology, and 

mathematics on a regular, on-going basis so their students acquire key 

engineering concepts while exploring the STEM disciplines 

 

The revised program includes several elements characteristic of effective 

professional development.  These elements include selection of cross-disciplinary teacher 

teams, use of communication technologies to minimize participant travel and sustain 

training over several months, a closely monitored implementation phase, and a strong 

evaluation component.   

 

Scope of this report 

This final report includes contextual information addressing questions of program 

fidelity, the use of formative evaluation by program staff, and findings related to impact 

on participant knowledge and skills related to engineering design.  This report focuses on 

information generated from initial planning in Fall, 2007, to classroom implementation of 

engineering design principles during Fall, 2008 and Winter, 2009. 

 

Methods 

 

This evaluation employed multiple mixed-methods which included: observation 

of spring and summer professional development activities; pre- and post surveys of 

participant knowledge and skills related to engineering design, and post-implementation 

interviews with participants and professional development facilitators.  The research 

questions guiding program evaluation include: 

1) To what degree has the project contributed to an increase in participant knowledge 

and skills in engineering design?   

2) To what degree are teachers' able to apply engineering design principles in group 

problem solving? 

3) How have the NCETE PD workshops influenced teacher's proficiency in 

introducing engineering design challenges to high school students? 

4) To what degree do teachers identify and select and implement appropriate design 

challenges and instructional materials in their classrooms? 

5) To what degree do participants assess the effectiveness of student performance in 

completing open-ended engineering design challenges? 
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Sample and selection 

 The population for the NCETE professional development program is all middle 

and high school level engineering technology education, mathematics, and science 

teachers.  The convenience sample consisted of all applicants to the program (n=33), who 

were selected to participate (n=25), and who completed the summer workshops (n=17).  

Of the 17 workshop participants, 10 responded to multiple requests and completed post-

implementation interviews. 

 

Program Logic and Evaluation Methods 

 Multiple sources of information provided the data for this report.  The following 

table identifies overall project evaluation activities (See Table 1).  As noted, this 

preliminary report relies on information from the application survey through the summer 

workshop evaluation activities. 
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Table 1:  Overview of Program Components and Evaluation Methods 

 

Goal Actions Short-Term Outcomes Evaluation Long-Term Outcomes 

Increase teacher subject matter 

knowledge in engineering 

design and strengthen their 

mastery of pedagogical content 

knowledge related to the 

infusion of design experiences 

into their courses.  

 

Orientation on ED 

process 

 

Provide didactic 

lessons on 

engineering design 

 

Provide hands on 

engineering design 

activities 

NCETE teachers will be able to 

describe the engineering design 

process to solve 

engineering/technological 

problems. 

 

NCETE teachers will use the 

engineering design process and the 

technological design process to 

solve technical problems 

Teacher self-perceived 

proficiency 

Evidence of ED 

principles in lesson 

taught to HS students 

during PD. 

Increase in frequency 

and quality of 

engineering design 

activities and principles 

in classroom instruction.. 

Demonstrated by 

teachers’ modification 

of an existing lesson to 

include ED 

 Evidence of reflection 

on ED in teacher’s 

notebooks 

Apply principles and practices 

of engineering design as they 

work individually and in small 

groups to develop solutions to 

technical problems. 

Teachers involved in 

hands on ED group 

activities 

 

 

Teachers work in small groups to 

solve ED problems using the 

processes provided by NCETE 

Observation of 

teachers’ completing 

activities 

Evidence that 

participating teachers use 

ED to solve technical 

problems  

Develop proficiency in 

introducing engineering design 

challenges to high school 

students as a part of standards-

based instruction in science, 

technology, engineering and 

mathematics. 

Teachers provided 

with instruction and 

opportunities to 

practice engineering 

design activities 

Teachers implement ED activities 

adapted from those shared or 

developed during PD 

Pre and post survey on 

perceived proficiency 

in infusing ED into the 

classroom 

 

Interview teachers  

Participating teachers 

attribute increased 

proficiency to 

participation in PD. 
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Engage in reflective practice as 

members of the learning 

community by analyzing 

instructional effectiveness, 

modifying lessons, and revising 

materials in order to improve 

subsequent instruction. 

Time set aside at 

each PD meeting for 

teachers to reflect on 

the session in 

groups…  

Teachers will demonstrate 

reflective skills through group 

discussions and reflective writing 

activities? 

Observation of 

reflection sessions 

(i.e., time spent, 

questions posed, 

teacher feedback) 

 

Review design 

notebooks for 

reflective comments 

Review of short 

reflection papers 

 

Interview teachers on 

reflective practice 

Evidence of improved 

instruction attributed to 

reflective practice. 

Identify and select design 

challenges and instructional 

materials that will motivate and 

enable their students to move 

efficiently through learning 

progressions in engineering 

design. 

 

Highlight and 

discuss existing 

curricular products 

through national and 

state-based 

resources 

Program participants locate ED 

resources and adapt for use in their 

instructional settings. 

Teacher survey on 

design challenges and 

curricular materials 

they are using to infuse 

with ED 

Evidence that 

participating teachers 

adapt learning activities 

based on student 

characteristics. 

Assess the effectiveness of 

student performance in 

completing open-ended 

engineering design challenges  

Provide teachers 

with assessment 

rubrics for students 

Teachers able to apply assessment 

rubrics in PD  
Anecdotal comments 

from post-

implementation lesson 

study critiques 

Teachers apply scoring 

rubrics to own 

classrooms activities 
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Infuse engineering design 

experiences in their science, 

technology, and mathematics 

on a regular, on-going basis so 

their students acquire key 

engineering concepts while 

exploring the STEM disciplines 

 

Teachers taught 

instructional design 

processes by 

NCETE to plan 

lessons 

Teachers develop ED activities to 

fit within their curriculum 
Review of lessons 

plans developed by 

teachers 

 

Pre-post assessment of 

ED infusion to assess 

for change in the 

infusion of ED into 

classrooms 

 

Interview teachers 

 

Evidence that PD 

participants are resources 

and advocates for use of 

ED activities and 

principles in classroom 

instruction. 

 

 

 

Data Analysis 

Information analysis included measures of central tendency.  Qualitatively-oriented responses to open-ended survey questions, 

and formal and informal interviews were themed according to categories derived from survey data, and questions posed by project 

leaders.  The evaluators constantly compared emergent themes from the narrative data to project goals and evaluation questions.  As 

part of the interpretation of interview data, preliminary findings were shared with the two program facilitators.  These facilitators were 

asked whether the findings were expected and what implications the findings have for future professional development activities (See 

Appendix G).  
 

 

Limitations 

 

 The unit of analysis in this study was the 2008 Professional Development program undertaken by the National Center for Engineering 

Technology Education.  Some data related to this program is not included in this report.  Observations of site-specific professional development 

activities at North Carolina A&T and Cal State LA were completed by Center Co-PI’s, but that data was not made available for this report.  

Classroom observations by site facilitators have been ongoing during Fall 2008 and Winter 200.  Information from those observations is not 

included in this report.  Consequently, findings in this report were interpreted from a center-level perspective.



 

 October 10, 2008 Page 10 of 56 

 

 

Findings 

 

1) To what degree has the project contributed to an increase in participant knowledge and skills in 

engineering design?   

 

 There is evidence to conclude that participation in the spring and summer components of the 

professional development increased teacher knowledge, skills, and confidence in implementing 

engineering design principles.  Of the participants that responded to a pre-workshop question about their 

preparation to use engineering design in their classes, only 4 (23%) were prepared.  After the program, 

15 (88%) indicated they were prepared (See Table 1). 

 

Table 1:  Preparation in Implementing Engineering Design 

 

            Pre- Program          Post- Program 

 Yes No Yes No 

I am prepared to use ED in my class 6 (24%) 12 (48%) 15 (88.2%) 2 (11.8%) 

 

 This increase in teacher preparation to infuse engineering design principles appears to be a result 

of better understanding of theoretical and practical components of the professional development 

program (See Table 2). 

 

 

Table 2:  Post-survey Responses to Change as a Result of Professional Development 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the post-workshop survey, participants also reported increased confidence in their abilities to 

infuse engineering design principles, support other teachers, and develop assessments for engineering 

design activities (See Table 3).   

  

 Strongly 

Disagree 

Disagree Agree Strongly 

Agree 

Greater understanding of engineering 

theoretical foundations 

0 0 4  

23.5% 

11  

76.5% 

Greater understanding of hands on applications 

of engineering concepts 

0 1  

5.9% 

5  

35.3% 

10 

58.8% 

Greater understanding of what makes an 

activity/concept engineering design 

0 1  

5.9% 

5 

29.4% 

10  

64.7% 

Greater understanding of math knowledge 

needed to understand engineering concepts 

0 0 10 

58.8% 

7 

41.2% 

Greater understanding of science knowledge 

needed to understand engineering concepts 

0 1  

5.9% 

7 

41.2% 

9 

52.9% 



 

 October 10, 2008 Page 11 of 56 

Table 3: Confidence with Engineering Design 

 

 

 

 

 

 

 

 

 

 

 

During the post-implementation interviews, several participants indicated that they were utilizing 

what they learned about engineering design in their teaching.  For example: 

 
Currently, I’m working with a physics teacher here on campus and we’re going to be re-writing a course that is 

going to be called principles of physics and engineering. So we’re kind of applying some of the concepts that I 

learned. The class is going to be focused on five engineering design challenges. 

 

I learned more about what the engineering design looks like the steps to the process.  And I learned how to take a 

project and how to actually make it fit that design. 

 

The way that they (students) think and the skills that they acquire from the interests that were brought out because of 

what they have done in the class – based on what I had taken out from the professional development and brought in 

the classroom. And it really did help out a lot what I did and what I learned in the professional development kind of 

boost up my confidence in doing more team work in the class. And to encourage kids to think more of the problems 

and how they can solve it as a team. 

 

2) To what degree are teachers' able to apply engineering design principles in group problem solving? 

 

 There is evidence to suggest a shift in participants perceptions about the relative value of group 

problem solving activities.  In the pre-program survey, participants indicated that group or cooperative 

learning activities in engineering design were relatively infrequent in their classrooms (See Table 4). 

 

 

Table 4: Pre-program Classroom Activities 

 

 Daily Weekly Monthly  Rarely 

Individual projects 

 

2  

8% 

2 

8% 

8 

32% 

11 

44% 

Use engineering design for 

cooperative learning projects 

1 

4% 

1 

4% 

10 

40% 

11 

44% 

Student group projects include 

engineering design 

2 

8% 

2 

8% 

     7 

    28% 

14 

56% 

Students develop their own learning 

environment for engineering design 

2 

8% 

1 

4% 

2 

8% 

20 

80% 

 

 

Findings from the Post-workshop survey indicate that participants place a higher value on the use 

of group or cooperative learning activities (See Table 5). 

 

 

 Not 

Confident 

Confident Very 

Confident 

More confident in my ability to infuse engineering 

design into my classroom 

0 1  

5.9% 

11 

64.7% 

More confident in my ability to support other 

teachers with infusing engineering design into their 

classes 

0 2  

11.9% 
6  

41.2% 

More confident in my ability to develop 

assessments for engineering design activities 

1  

5.9% 

1  

5.9% 

10 

52.9% 
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Table 5: Post-workshop Ranking of Best Approaches for Integrating 

Engineering Design into Learning 

 

 Best Approach Second Best 

Approach 

Third Best 

Approach 

Fourth Best 

Approach 

Specialized group activities 

 

15  

(88.2%) 

2  

(11.9%) 

0 0 

Lecture 

 

0 0 4  

(23.5%) 

13  

(76.5%) 

Individual Group Projects 

 

1  

(5.9%) 

14  

(82.4%) 

2  

(11.9%) 
0 

Involvement in 

Competitions 

1  

(5.9%) 

1  

(5.9%) 

11  

(64.7%) 

4  

(23.5%) 

 

 

However, results from the summary interviews were mixed.  While several participants indicated 

some success in applying engineering design principles in group problem-solving activities, most 

participants found classroom implementation problematic. 

 
Beforehand I used to try using groupings and stuff and trying to make the kids think but it was always difficult to 

manage the kids in groups and make them think that they are trying to solve a problem.  When I got into the 

professional development and I saw a structure that I could help the kids think along that line and I presented it to 

them and I kind of trained them that you have to think this way and follow these steps. And they’ve improved a lot 

and it basically became a part of the way the teams work. 

 

It’s made me better able to ask questions and field questions related to application. I haven’t used it to come up with 

a project at this point because working with some of the guys over the summer they knew what they wanted from an 

engineering design challenge. And what I’m doing would not be it. 

 

I am still trying to put into place my plans for using the bungee cord experiment which is one of the things I learned 

from the professional development. And I am actually thinking of  bringing a team of kids because we have a 

symposium for all of the STEM school in Northern Carolina and I am thinking of bringing a team of kids and having 

them present what they would come up with the bungee cord experiment.  The way that they think and the skills that 

they acquire from the interests that were brought out because of what they have done in the class – based on what I 

had taken out from the professional development and brought in the classroom. 

 

Barriers to full implementation of workshop-like activities in participants’ classrooms included 

alignment of content with core curriculum, time necessary for implementation, and student 

capabilities.  

 
As a classroom teacher we already have enough on our plate.  For me to take a project like the ones they gave us 

and use that, after we tweak it a lot… I can’t give that to my 10
th-

 11
th

 graders- I would have to dumb it down. And 

that takes time.  They gave us all this stuff, which was nice of them but it not being utilized.  I can bet the other 

teachers are not using it either. 

 
Just time. You’ve got to prepare a lesson and to take it down to where we take a theory and then we test it and 

develop and build a model it is so time consuming. In high school teachers it’s here comes another comes another 

class, here comes another subject and is it tough.   
 
The biggest problem I have, its frustrating to me, is the lack of base knowledge kids have when they get to HS.  I 

have to go back further back then I would thing I would have to.  I shouldn’t have to teach a 10
th

 grader how to read 

a ruler.  That base knowledge that these HS kids are coming in with, is a huge barrier for this engineering design 

process. 
 


