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Engineering byDesign™ - 
A Standards-Based 
Approach 

“Somewhere, something incredible is waiting to be known.”  Carl Sagan 

n 2004, the International Technology Education Association’s (ITEA) Center to 
Advance the Teaching of Technology and Science (CATTS) began development of 
the Engineering byDesign™ Program, of which the Foundations of Technology 
guide is one component. The Program is described in detail later in the Introduction 

section of this guide and has been written so that you, as the teacher, supervisor, principal, 
or teacher educator can implement or develop standards-based instruction. The reader will 
find that the entire Program is described so that a sense of the overall approach to 
developing technological literacy through the study of Technology, Innovation, Design, 
and Engineering (TIDE) in Grades K-12 can be seen. 

More than anything else, the program has been developed through a process that is based 
on standards. Each course in the Program focuses on one organizing principle that was 
developed based on the content standards in Standards for Technological Literacy: 
Content for the Study of Technology (STL) (ITEA 2000/2002). As the reader and 
implementer, you will find that the approach is significantly different than the traditional 
‘‘find the activities then develop the content’’ method. To be truly standards-based, the 
Program must be created around standards and benchmarks-----not a series of activities. 
This guide is one of many to be produced that will do just that, so that the assessments 
that are introduced can be used appropriately by educators to inform instruction and 
improve student achievement. 

It is the goal of this guide to provide educators with a model for implementing a 
standards-based program and course. Each section will be related to standards and will use 
the forms that can be found in the ITEA Technological Literacy Standards Series and the 
supporting Addenda Guides. This guide presents content and lessons in a cornerstone 
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technology education model course for the high school. It is based on Technology for All 
Americans: A Rationale and Structure for the Study of Technology (Rationale and 
Structure) (ITEA, 1996) and Standards for Technological Literacy: Content for the Study 
of Technology (Standards for Technological Literacy/STL) (ITEA, 2000/2002). Further 
guidance is provided through Advancing Excellence in Technological Literacy: Student 
Assessment, Professional Development, and Program Standards (AETL) (ITEA, 2003), 
Realizing Excellence: Structuring Technology Program (ITEA, 2005) and Planning 
Learning: Developing Technology Curricula (ITEA, 2005). Because these ITEA 
publications contain the fundamentals of technological literacy curriculum, teachers, 
supervisors, and teacher educators are encouraged to review them prior to using this guide. 

Technology for All Americans: A Rationale and Structure for the 
Study of Technology 
Technology for All Americans: A Rationale and Structure for the Study of Technology provides 
a vision for the study of technology. It addresses the power and promise of technology and 
the need for every American student to be technologically literate when he/she graduates 
from high school. Understanding the nature of technological advances and processes and 
participating in society’s decisions on technological issues is of utmost concern. This 
publication outlines the knowledge, processes, and contexts for the study of technology. 
 

Standards for Technological Literacy: Content for the Study of 
Technology 
What is Standards for Technological Literacy? 
ITEA and its Technology for All Americans Project published Standards for Technological 
Literacy: Content for the Study of Technology (STL) in April of 2000. STL defines, through 
K-12 content standards, what students should know and be able to do in order to be 
deemed technologically literate. However, it does not put forth a curriculum to achieve 
these outcomes. STL will help ensure that all students receive an effective education about 
technology by setting forth a consistent content for the study of technology. 
Why is STL important? 
• Technological literacy enables people to develop knowledge and abilities about 

human innovation in action. 
• STL establishes requirements for technological literacy for all students from 

kindergarten through Grade 12.  
• STL provides expectations of academic excellence for all students.  
• Effective democracy depends on all citizens participating in the decision-making 

process; many decisions involve technological issues, so citizens need to be 
technologically literate.  

• A technologically literate population can help our nation maintain and sustain 
economic progress. 

Guiding Principles for STL 
• The standards and benchmarks were created with the following guiding principles: 
• They offer a common set of expectations for what students should learn about 

technology. 
• They are developmentally appropriate for students. 
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• They provide a basis for developing meaningful, relevant, and articulated curricula at 
the local, state, and provincial levels. 

• They promote content connections with other fields of study in Grades K-12. 
• They encourage active and experiential learning. 
Who is a technologically literate person? 
A person who understands-----with increasing sophistication-----what technology is, how it is 
created, how it shapes society, and in turn, how technology is shaped by society, is 
technologically literate. A technologically literate person can hear a story about technology 
on television or read it in the newspaper and evaluate its information intelligently, put 
that information in context, and form an opinion based on it. A technologically literate 
person is comfortable with and objective about the use of technology-----neither scared of it 
nor infatuated with it. Technological literacy is important to all students in order for them 
to understand why technology and its use is such an important force in our economy. 
Anyone can benefit by being familiar with it. All people, from corporate executives to 
teachers to farmers to homemakers, will be able to perform their jobs better if they are 
technologically literate. Technological literacy benefits students who will choose 
technological careers-----future engineers, aspiring architects, and students from many other 
fields. Students have a head start on their future with an education in technology. 
What is included in STL? 
There are 20 content standards that specify what every student should know and be able 
to do in order to be technologically literate. The benchmarks that follow each of the 
broadly stated standards at each grade level articulate the knowledge and abilities that will 
enable students to meet the respective standard. A summary of the content standards and 
benchmarks is presented in Appendix A of this document. Teachers and supervisors are 
encouraged to obtain STL to review the benchmarks associated with each standard. 
 

Advancing Excellence in Technological Literacy: Student Assessment, 
Professional Development, and Program Standards (AETL) 
While A Rationale and Structure for the Study of Technology provides a vision and Standards 
for Technological Literacy: Content for the Study of Technology provides the content, neither 
was designed to address other important elements that are critical to a comprehensive 
program of technological studies. As a result, ITEA’s Technology for All Americans 
Project published Advancing Excellence in Technological Literacy: Student Assessment, 
Professional Development, and Program Standards (AETL). AETL is currently available 
from ITEA and is designed to help schools implement new strategies and evaluate existing 
practices of assessing students for technological literacy, providing professional 
development for teachers and other professionals, and improving programs of teaching 
and learning. 
 
Advancing Technological Literacy: ITEA Professional Series 
The Advancing Technological Literacy: ITEA Professional Series is a set of publications 
developed by the International Technology Education Association (ITEA) based on 
Standards for Technological Literacy (ITEA, 2000/2002) and Advancing Excellence in 
Technological Literacy (ITEA, 2003). The publications in this series are designed to assist 
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educators in developing contemporary, standards-based K-12 technology education 
programs. This exclusive series features: 
• Direct alignment with technological literacy standards, benchmarks, and guidelines. 
• Direct alignment with mathematics and science standards and benchmarks. 
• Connections with other school subjects. 
• Contemporary methods and student activities. 
• Guidance for developing exemplary programs that foster technological literacy. 
• Titles and resources in the series include: 
 
Technological Literacy Standards Series 

 Standards for Technological Literacy: Content for the Study of Technology 
 Advancing Excellence in Technological Literacy: Student Assessment, Professional 

Development, and Program Standards  
 Technology for All Americans: A Rationale and Structure for the Study of 

Technology 
Addenda to Technological Literacy Standards Series 

 Realizing Excellence: Structuring Technology Programs 
 Developing Professionals: Preparing Technology Teachers 
 Planning Learning: Developing Technology Curricula 
 Measuring Progress: A Guide to Assessing Students for Technological Literacy 

 
Engineering byDesign™: Standards-Based Program Series 

 
Elementary School Resources 

 Technology Starters: A Standards-Based Guide 
 Models for Introducing Technology: A Standards-Based Guide 

 
Middle School Resources 

 Teaching Technology: Middle School, Strategies for Standards-Based 
Instruction 

 Exploring Technology: A Standards-Based Middle School Model Course 
Guide 

 Invention and Innovation: A Standards-Based Middle School Model Course 
Guide 

 Technological Systems: A Standards-Based Middle School Model Course 
Guide 

 
High School Resources 

 Teaching Technology: High School, Strategies for Standards-Based 
Instruction 

 Foundations of Technology: A Standards-Based High School Model Course 
Guide 

 Technological Issues: A Standards-Based High School Model Course Guide 
 Impacts of Technology: A Standards-Based High School Model Course Guide 
 Technological Design: A Standards-Based High School Model Course Guide 
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 Advanced Design Applications: A Standards-Based High School Model 
Course Guide (ProBase) 

 Advanced Technological Applications: A Standards-Based High School 
Model Course Guide (ProBase) 

 Engineering Design: A Standards-Based High School Model Course Guide 
(Capstone Course) 

 
Engineering byDesign™: Standards-Based Technological Study Units 

Elementary School Resources 
 Kids Inventing Technology Series (KITS) 

 
Elementary/Middle School Resources (Grades 5-6) 

 Invention, Innovation, and Inquiry (I3) Lessons 
 Invention: The Invention Crusade 
 Innovation: Inches, Feet, and Hands 
 Communication: Communicating School Spirit 
 Manufacturing: The Fudgeville Crisis 
 Transportation: Across the United States 
 Construction: Beaming Support 
 Power and Energy: The Whispers of Willing Wind 
 Design: Toying with Technology 
 Inquiry: The Ultimate School Bag 
 Technological Systems: Creating Mechanical Toys 

 
Secondary School Resources 

 Humans Innovating Technology Series (HITS) 
 
The Center to Advance the Teaching of Technology and Science: 
ITEA-CATTS 
The International Technology Education Association’s Center to Advance the Teaching 
of Technology and Science (ITEA-CATTS) was created to provide curriculum and 
professional development for technology teachers and other professionals interested in 
technological literacy. ITEA-CATTS initiatives are directed toward four important goals: 

 Development of standards-based curricula 
 Professional development through learning communities 
 Research on teaching and learning 
 Curriculum implementation and diffusion 

The Center addresses these goals to fulfill its mission to serve as a central source for quality 
professional development support for the teaching and learning of technology and science. 
 
The ITEA-CATTS Consortium was established as part of ITEA-CATTS to form 
professional leadership and alliances in order to effectively enhance teaching and learning 
about technology and science. Consortium members receive quality curriculum products 
and professional development based on the standards. The Engineering byDesign™ 
Program and this publication were conceptualized and developed through the ITEA-
CATTS Consortium. 
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Engineering byDesign™ - A Pathway 
Program for STEM and IT Clusters 
The EbD™ Program was designed to maintain integrity through three delivery scenarios.  
First, the model was designed as a Pathway program, where schools may adopt the 
articulated sequence of courses in a STEM themed academy and/or an IT themed 
academy.  Secondly, the program may be delivered by modularizing the components and 
adapting the design themes to support the STEM, IT, or other academy models.  In this 
scenario, as in many career-themed academy models, some modification is required to 
ensure themes are aligned with the Cluster Knowledge and Skills.   
 
The Engineering byDesign™ Program has been 
designed with current research on the 
development of smaller learning communities 
around career-themed academies as the guiding 
principle. While technology education courses are 
designed for all students, and not based on 
preparing students with technical skills, they are 
preparing students for the global workplace by 
ensuring that they are technologically literate. 
 
The Engineering byDesign™ Program was conceived with the intent to help school 
districts provide a program that constructs learning from a very early age and culminates 
in a capstone experience that leads students to become the next generation of 
technologists, innovators, designers, and engineers and ultimately restore America's status 
as the leader in innovation. Additionally, school reform efforts at the high school and 
middle school levels have been working hard to create a vertically (based on standards) 
and horizontally (articulated sequencing of courses and experiences) integrated program 
that employs career themes to guide the content learned by students.  EbD™ is both 
horizontally and vertically articulated, and leverages themes through authentic learning 
and collaborative themes so that students envision their future through their experiences.  

It is the experience of the developer (ITEA-CATTS) that States and Districts are 
desperately searching for models that improve student achievement, that, when forming 
smaller learning communities and academies around career themes, help to improve 
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student achievement and test scores.  The EbD™ Program is a model that may be used by 
schools developing themes in the STEM and IT Clusters that are looking to increase all 
students’ achievement in technology, science, mathematics, and English through authentic 
learning.  The program is built on constructivist models and creates awareness and 
competence over time as it builds on learned knowledge and skills --- aligning closely with 
the Cluster Knowledge & Skills in both the STEM and IT Clusters.  Nationally eleven 
states are using the model.  Each state modifies the program to their needs, but reduces 
the need for developing curriculum, professional development, and assessments from the 
ground up.  States that have adopted the Program have found that it provides districts 
with a model for standards-based instruction as well as models for using learning 
communities among their teachers and supervisors (see Professional Development Plan.)  

 
The Engineering byDesign™ Program has been developed through a series of carefully 
constructed processes that integrates the concepts of school reform and aligns with the 
goals of the NASDCTEc States’ Career Clusters Initiative.  In addition, as one of the only 
standards-based models available, the EbD™ Program is able to deliver content knowledge 
and skills for both the STEM and IT Clusters through themes that closely align with their 
identified Career Cluster Knowledge & Skills.  A cross-reference of these Cluster 
Knowledge and Skills and the Standards for Technological Literacy (STL) will be found 
on the NASDCTEc Endorsement website http://www.teachstem.net 

 
Scenario: 
As schools work through a planning process to determine what types of Academies will be 
offered to students, they begin to look at the strengths of the community and the school. 
School leadership teams identify between three and six themes built on the career-cluster 
model. Research shows that these themes should identify one academy for every 250-300 
students in a school. The concept of the academy uses a team of teachers to present the 
content around the theme. So, if the career-themed academy is Arts and Media, then all of 
the teachers identified in that academy plan their content around the Arts and Media 
theme. While some schools identify the theme that is directly related to a career cluster 
name, many do not. Some common Academy themes include: Arts and Media, Business 
and Finance, Entrepreneurship, Theatre, Science and Technology, Social Science, Human 
Services, Engineering, and International Studies. 
 
In each of these examples, technology education and the delivery of technological literacy 
is critical to the success of students in their future endeavors. The high school courses 
Impacts of Technology and Technological Issues are written in such a way that the 
framework for content can be centered on any of the listed academy themes. A course in 
Technological Issues can easily be focused (given the way the product is written) on 
International Studies, etc. This makes them a valuable part of the articulated sequence of 
courses that students take in their academy focus. These courses emulate the transferability 
necessary in a world where changing technology impacts our everyday life and creates 
issues for society. 
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SAMPLE STEM Pathway - Programs of Study 
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SAMPLE IT Pathway - Programs of Study 
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The Engineering byDesign™ Concept 
Engineering byDesign™ is a National Model Program that was developed in collaboration 
and consultation with the ITEA-CATTS Consortium, Technology Education Advisory 
Council, ITEA Institutional Members, and the Mathematics, Science, and Engineering 
communities. The reader will see, as the structure of the program unfolds, that the intent 
is related to the development of technological literacy for students in Grades K-12 and 
delivered in the context of Technology, Innovation, Design, and Engineering (TIDE.)  
 
States, districts, and schools may wish to use this chapter as the basis for the development 
of a new program in TIDE, or to use it just as it is written. Note that either way, the 
assessments that are used in the Program and in this course are designed specifically to 
measure achievement of the STL technological literacy standards and corresponding 
benchmarks. 
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The Vision - Engineering byDesign™ 
We live in a technological world. Living in the twenty-first century requires much more 
from every individual than a basic ability to read, write, and perform simple mathematics. 
Technology affects every aspect of our lives, from enabling citizens to perform routine 
tasks to requiring that they be able to make responsible, informed decisions that affect 
individuals, our society, and the environment. Citizens of today must have a basic 
understanding of how technology affects their world and how they exist both within and 
around technology. 
 
Technological literacy is fundamentally important to all students. Technological processes 
have become so complex that the community and schools collaborate to provide a quality 
technology program that prepares students for a changing technological world that is 
progressively more dependent on an informed, technologically literate citizenry. 
 
The Mission - Engineering byDesign™ 
The ITEA model technology program is committed to providing technological study in 
facilities that are safe and facilitate creativity, enabling all students to meet local, state, and 
national technological literacy standards. Technological study is required in sixth, seventh, 
and eighth grades. Students are prepared to engage in additional technological study in 
the high school years and beyond. Students will be prepared with knowledge and abilities 
to help them become informed, successful citizens who are able to make sense of the 
world in which they live. The technology program also enables students to take advantage 
of the technological resources in the local community. 
 
Organizing Principles 
The program consists of seven organizing principles. These principles are very large 
concepts that identify major content organizers for the program. As stated earlier, 
Engineering byDesign™ is to be taught in the context of Technology, Innovation, Design, 
and Engineering (TIDE). In order of importance, the seven identified organizing 
principles are listed below: 

 Engineering through design improves life. 
 Technology has and continues to affect everyday life. 
 Technology drives invention and innovation and is a thinking and doing process. 
 Technologies are combined to make technological systems. 
 Technology creates issues that change the way people live and interact. 
 Technology impacts society and must be assessed to determine if it is good or bad. 
 Technology is the basis for improving on the past and creating the future. 

 
Program Descriptions 
The program statement on which the courses are developed is based on the identification 
of benchmarks for each organizing principle. (Note that the number of courses does not 
necessarily have to be the same as the number of organizing principles-----there may be 
more than one organizing principle for each course.) 
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Engineering byDesign™: District/State Level Program Description  
This program provides students with a foundation in the role of technology in everyday 
life, along with a broad range of technological skills that make them aware of technology 
around them. Students completing the program will become technologically literate by 
learning the concepts and role that engineering, design, invention, and innovation have in 
creating technology systems that help make life easier and better. Students learn that 
technology must be assessed to determine the positive and negative effects, and how these 
have shaped today’s global society. The key component of the program is that students 
become knowledgeable about technology, and use hands-on lessons to apply and transfer 
this knowledge to common problems. The program consists of ten courses in Grades 6-12 
that build on experiences provided in elementary school. 
 
Engineering byDesign™: Student-Oriented Program Description for Registration Booklets 
Students in this program use hands-on lessons to learn the concepts and roles of 
engineering, design, invention, and innovation in creating technology systems that help 
make life easier and better. They learn to apply and transfer this knowledge to common, 
everyday problems. Students learn how to assess technology, its impacts and resulting 
issues, and present the positive and negative consequences and how these have shaped 
today’s global society. The program incorporates the applications of mathematics and 
science concepts and provides a strong background for students investigating careers in all 
career-focused academies. 
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Course Descriptions 
The following is course information and interrelationships to ensure that students in all 
grades, K- 12, have the opportunity to develop technological literacy. 
 
Elementary School Descriptions 
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Middle School Course Descriptions 

 

Exploring 
Technology 

Connections 
to  
Engineering 
byDesign™ 

Connections 

Connections 
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Connections 

Connections 

Connections 

Invention and 
Innovation
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High School Descriptions 
 

 Foundations of 
Technology 
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Technological 
Issues 

Connections 
to  
Engineering 
byDesign™ 
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Name of Course Technological Design 

Standards Addressed See Responsibility Matrix for Technology, Mathematics, and Science in 
Appendix A 

Intended Audience Grades 10-12: Foundations of Technology recommended 
Advanced Technology Education 

Course Overview In Engineering Design, engineering scope, content, and professional 
practices are presented through practical applications. Students in 
engineering teams apply technology, science, and mathematics concepts 
and skills to solve engineering design problems and innovate designs. 
Students research, develop, test, and analyze engineering designs using 
criteria such as design effectiveness, public safety, human factors, and 
ethics. This course is the capstone experience for students who are 
interested in Technology, Innovation, Design, and Engineering. 

Course Length 36 weeks recommended 

Connections to the 
Engineering 
byDesign™ 
Program 

Technological Design contributes to the development of each high school 
student’s capacity to understand how technology’s development, control, and 
use is based on design constraints, and human wants and needs.  The structure 
of the course challenges students to use technological design processes so that 
they can think, plan, design and create solutions to engineering and 
technological problems. Students are actively involved in the organized and 
integrated application of technological resources, engineering concepts, and 
scientific procedures. Students address the complexities of technology that stem 
from designing, developing, using, and assessing technological systems. In 
developing a functional understanding of technology, students comprehend how 
human conditions and personal preferences drive technological design and 
problem solving.  Actively engaged in making and developing, using, and 
managing technological systems, students better understand the role of systems 
in meeting specific purposes.  Students are able to assess and understand the 
behavior and operation of basic technological systems in different contexts. 
Students extend and transfer their knowledge of systems to new and emerging 
applications by the time they graduate from high school. 

Technological 
Design 



E N G I N E E R I N G  B Y D E S I G N ™  

 20

 

Impacts of 
Technology 

Connections 
to  
Engineering 
byDesign™ 
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Name of Course Advanced Design Applications 

Standards Addressed See Responsibility Matrix for Technology, Mathematics, and Science in 
Appendix A 

Intended Audience Grades 10-12: Foundations of Technology highly recommended 
Advanced Technology Education 

Course Overview 
In Advanced Design Applications consists of four units including 
Manufacturing, Energy and Power, Construction and Transportation. The 
Manufacturing unit examines the advances that maintain manufacturing 
efficiency, how human consumption affects manufacturing, how manufacturing 
affects the standard of living of various peoples, and how processing and 
changing raw materials can produce more desirable products. The Construction 
unit examines a number of the factors influencing the design and construction of 
permanent and semi-permanent structures, the practices related to 
construction maintenance, alteration, and renovation, and the functions of the 
primary systems installed in those structures. The Energy & Power unit explores 
the relationship between energy and power technologies and all other 
technologies, and how modern energy and power systems impact cultures, 
societies, and the environment. It also offers an examination of how energy and 
power systems can be made more efficient and how they may be utilized in 
problem solving. The Transportation unit examines the complex networks of 
interconnected subsystems that each transportation system comprises and the 
roles of these components in the overall functional process of the system. It also 
analyzes of the improvements and the impacts of transportation technologies 
on the environment, society, and culture. 

Course Length 36 weeks recommended 

Connections to the 
Engineering 
byDesign™ 
Program 

The Advanced Design Applications course has been designed as an advanced 
study for students engaged in themed academies and general technology 
studies that lead to the capacity to understand how technology’s 
development, control, and use is based on design constraints, and human 
wants and needs.  The structure of the course challenges students to use 
design processes so that they can think, plan, design and create solutions to 
engineering and technological problems. Students are actively involved in 
the organized and integrated application of technological resources, 
engineering concepts, and scientific procedures. Students address the 
complexities of technology that stem from designing, developing, using, 
and assessing technological systems. In developing a functional 
understanding of technology, students comprehend how human conditions 
and personal preferences drive technological design and problem solving.  
Actively engaged in making and developing, using, and managing 
technological systems, students better understand the role of systems in 
meeting specific purposes.  Students are able to assess and understand the 
behavior and operation of basic technological systems in different contexts. 
Students extend and transfer their knowledge of systems to new and 
emerging applications by the time they graduate from high school. 

Advanced 
Design 
Applications 
(ProBase) 
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Name of Course Advanced Technological Applications 

Standards Addressed See Responsibility Matrix for Technology, Mathematics, and Science in 
Appendix A 

Intended Audience Grades 10-12: Foundations of Technology highly recommended 
Advanced Technology Education 

Course Overview In the Advanced Technological Applications course, students study about 
four components of the Designed World, including Information 
Technology, Agriculture and Bio-related Technologies, Medical, and 
Entertainment/Recreation. The Agriculture and Biotechnologies unit 
explores how agricultural technologies provide increased crop yields and 
allow adaptation to changing and harsh environments, enabling the growth 
of plants and animals for various uses. It also offers an analysis of the 
various uses of biotechnology and the ethical considerations of those uses.  
The Entertainment and Recreation unit provides a study of technological 
entertainment and recreation systems, with an examination of the 
differences between these technologies, of how their use enhances human 
leisure-time performance, and of the social, cultural, and environmental 
implications of their usage. The Information Technologies unit examines 
how technology facilitates the gathering, manipulation, storage, and 
transmission of data, and how this data can be used to create useful 
products. It also provides students with opportunities for developing 
communications systems that can solve technological problems. The 
Medical Technologies Unit provides an analysis of how medical 
technologies are used to increase the quality and length of human life, and 
how increased use of technology carries potential consequences, which 
require public debate. Students will also examine tools and devices used to 
repair and replace organs, prevent disease, and rehabilitate the human 
body 

Course Length 36 weeks recommended 

Connections to the 
Engineering 
byDesign™ 
Program 

The Advanced Technological Applications course has been designed as an 
advanced study for students engaged in themed academies and general 
technology studies that lead to the capacity to understand how 
technology’s development, control, and use is based on design constraints, 
and human wants and needs.  The structure of the course challenges 
students to use design processes so that they can think, plan, design and 
create solutions to engineering and technological problems. Students are 
actively involved in the organized and integrated application of 
technological resources, engineering concepts, and scientific procedures. 
Students address the complexities of technology that stem from designing, 
developing, using, and assessing technological systems. In developing a 
functional understanding of technology, students comprehend how human 
conditions and personal preferences drive technological design and 
problem solving.  Actively engaged in making and developing, using, and 
managing technological systems, students better understand the role of 
systems in meeting specific purposes.  Students are able to assess and 
understand the behavior and operation of basic technological systems in 
different contexts. Students extend and transfer their knowledge of 
systems to new and emerging applications by the time they graduate from 
high school. 

Advanced 
Technological 
Applications 
(ProBase) 
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(Capstone)
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Using The Engineering byDesign™ 
Course Guides 
Each Model Course Guide provides standards-based content, activities, and resources for 
teaching a cornerstone technology course at either the middle or high school level. The 
information contained in the guide will assist teachers in preparing to implement STL. In 
addition, it can be used by state, provincial, and local curriculum developers as a model 
for creating new standards-based programs and curriculum. 
 
The Introduction section addresses the Engineering byDesign™ Program and how it was 
conceived to be standards-based. States, school districts, and schools will find that this 
chapter is a model for designing a program that teaches technological literacy that is truly 
standards-based. Each model uses the processes and forms that are prescribed in the ITEA 
Addenda Guides, Planning Learning: Developing Technology Curricula, and Realizing 
Excellence: Structuring Technology Programs.  
 
The Overview features an introduction to Foundations of Technology, course information, 
and goals and objectives. The use of a pre- and post-assessment is discussed, as well as 
examples of assessment items. A course content outline is provided, with the units of 
instruction for this course. 
 
Units 1-8 provide the units of instruction in detail for use by the classroom teacher. Each 
unit presents standards-based content for students in the Foundations of Technology 
course. The unit framework consists of an overview, standards/benchmarks, the BIG Idea 
for the unit, assessment tools, lessons, and learning activities that include teacher 
preparation, unit content, suggested learning activities, assessment, and resources. 
 
The Appendices contain descriptions of resources, materials, and references that teachers 
may obtain as they develop curriculum and instructional materials. Teachers, curriculum 
developers, and other interested readers are encouraged to review the guide in its entirety. 
The content across the chapters and instructional units collectively contributes to quality 
instruction that addresses the standards. 

Chapter 

5 
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Professional Development 
The International Technology Education Association’s Center to Advance the Teaching 
of Technology & Science (CATTS) is the professional development and curriculum 
development arm for the Association.  CATTS was established by ITEA because of its 
deep commitment to improve student achievement in technology, science, and 
mathematics at all grade levels and to strengthen, broaden, and deepen the disciplinary 
and pedagogical knowledge of teachers. 
 
The Center’s mission is to provide teachers with support for professional development 
that will help ensure the education of technologically literate students.  This guide is a 
professional development plan that in itself is based on national standards, including 
Advancing Excellence in Technological Literacy (ITEA, 2003) and the National Staff 
Development Council’s Standards for Staff Development (NSDC, 2001).   

Teacher competence and confidence are essential for the development and 
improvement of curricula that help students achieve higher levels of understanding in 
technology, science and mathematics.  Professional development is intended to provide 
teachers with thorough exposure to appropriate content and pedagogical knowledge; 
knowledge and skills necessary to implement standards-based materials; and the follow-up 
support obtained through professional learning communities that is needed to improve 
classroom instruction. 

Features of the ITEA-CATTS EbD™ Professional Development Plan 
A quality professional development plan includes: 

1. the creation of a professional learning community among teachers, post-
secondary institutions and supervisors; 

2. employ the ‘‘train-the-trainers’’ concept possible to leverage the expertise of 
highly qualified teachers; 

3. help participants gain the skills necessary to better share their experiences 
with colleagues; 

4. deliver in-service through eTIDEonline.net, enabling teachers to participate 
in synchronous and asynchronous professional development; 

Chapter 

6 



E N G I N E E R I N G  B Y D E S I G N ™  

 26

5. connect with colleges or universities for credit opportunities; 

6. implement the Engineering ByDesign™ standards-based national model to 
develop technological literacy in students K-12;  

7. create demonstration sites that implement the Engineering ByDesign™ model 
through the Engineering ByDesign™ Network of Schools (EbD); 

8. implement and interpret student assessment tools to enhance the teacher 
effectiveness in the classroom. 

Characteristics of Effective Professional Development and the ITEA-CATTS EbD™ 
Professional Development Plan 

 

Characteristics of quality professional development include: 

1. start with standards 

2. improve student learning 

3. enhance teacher content and pedagogical knowledge; 

4. align with other reform initiatives; 

5. promote collegiality and collaborative exchange; 

6. are ongoing, career-embedded, and sustained, 

7. include accountability measures. 
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The Engineering byDesign™ 
Network 

The EbD™ Network links schools that believe that the ingenuity of children 
is untapped, unrealized potential that when properly motivated, will lead to 
the next generation of technologists, innovators, designers, and engineers. 

The Engineering byDesign™ (EbD™) Network is the organizer for creating a 
group of committed professionals dedicated to implementing standards-based 
instruction resulting in technologically literate students. In the fall of 2005, 
approximately 50 sites will be selected nationally from states in the ITEA-CATTS 
Consortium.  Teachers and principals at these sites will agree to a multi-faceted 
approach to professional development to improve the student achievement in 
technology, science and mathematics.  The conceptual framework for the 
Network is based on a model that uses differentiated strategies to achieve an 
awareness level that is highly expert. 
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The 5E+ EbD™ Network Model  builds on an increasingly more complex activities over time that create a 
community of learners who work together to enhance and refine strategies that ultimately improve student 
achievement in technology, science and mathematics. 
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The Guiding Principles of the EbD™ Network 

1. All students can learn, 

2. Diversity enhances the creativity of teams and individuals,  

3. Collaborative teams work to solve technological problems 
achieve better solutions and more reliable results, 

4. Increasing student achievement is dependent upon providing 
students with opportunities that are standards-based, problem-
based, and presented in an authentic environment, 

5. Authentic learning will increase student achievement in 
mathematics, science, and English. 

The Goals of the EbD™ Network 

1. Provide a standards-based K-12 program that ensures that all 
students are technologically literate, 

2. Provide opportunities for all students without regard to gender 
or ethnic origin, 

3. Provide clear standards and expectations for increasing student 
achievement in technology, science, and mathematics 

4. Provide leadership and support that will result in continuous 
improvement and innovation in the program. 

5. Restore America's status as the leader in innovation 

6. Provide a program that constructs learning from a very early age 
and culminates in a capstone experience that leads students to 
become the next generation of technologists, innovators, 
designers, and engineers. 

Standards & Outcomes 
The ITEA process for improving student achievement through the 
development and sustained use of communities of learners, uses strategic 
outcomes to shape the Plan.  Note that the ITEA-CATTS plan addresses three 
levels of implementation as described in AETL and the NSDC Staff 
Development Standards. 
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Levels of Implementation 

1. State Level 
2. District Level 
3. School Level 

 
AETL Professional Development Standards 

Standard PD-1:  Professional development will provide teachers with knowledge, abilities, and 
understanding consistent with Standards for Technological Literacy: Content for the 
Student of Technology (STL). 

Standard PD-2: Professional development will provide teachers with educational perspectives on 
students as learners of technology. 

Standard PD-3:  Professional development will prepare teachers to design and evaluate technology 
curricula and programs. 

Standard PD-4:  Professional development will prepare teachers to use instructional strategies that 
enhance technology teaching, student learning, and student assessment. 

Standard PD-5:  Professional development will prepare teachers to design and manage learning 
environments that promote technological literacy. 

Standard PD-6:  Professional development will prepare teachers to be responsible for their own 
continued growth. 

Standard PD-7:  Professional development providers will plan, implement, and evaluate the pre-
service and in-service education of teachers. 

 
NSDC Context Standards:  Staff development that improves the learning of all students:  

Standard Context-1 Organizes adults into learning communities whose goals are aligned with those of 
the school and district. (Learning Communities)  

Standard Context-2 Requires skillful school and district leaders who guide continuous instructional 
improvement. (Leadership)  

Standard Context-3 Requires resources to support adult learning and collaboration. (Resources)  

 

 
NSDC Process Standards:  Staff development that improves the learning of all students: 

Standard Process-1 Uses disaggregated student data to determine adult learning priorities, monitor 
progress, and help sustain continuous improvement. (Data-Driven)  

Standard Process-2 Uses multiple sources of information to guide improvement and demonstrate its 
impact. (Evaluation)  

Standard Process-3 Prepares educators to apply research to decision making. (Research-Based)  

Standard Process-4 Uses learning strategies appropriate to the intended goal. (Design)  

Standard Process-5 Applies knowledge about human learning and change. (Learning)  

Standard Process-6 Provides educators with the knowledge and skills to collaborate. (Collaboration)  
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NSDC Content Standards:  Staff development that improves the learning of all students: 

Standard Content-1 Prepares educators to understand and appreciate all students, create safe, orderly 
and supportive learning environments, and hold high expectations for their 
academic achievement. (Equity)  

Standard Content-2 Deepens educators' content knowledge, provides them with research-based 
instructional strategies to assist students in meeting rigorous academic standards, 
and prepares them to use various types of classroom assessments appropriately. 
(Quality Teaching)  

Standard Content-3 Provides educators with knowledge and skills to involve families and other 
stakeholders appropriately. (Family Involvement)  

 
AETL Program Standards 

Standard P-1: Technology program development will be consistent with Standards for 
Technological Literacy: Content for the Study of Technology (STL). 

Standard P-2:  Technology program implementation will facilitate technological literacy for all 
students. 

Standard P-3:  Technology program evaluation will ensure and facilitate technological literacy for all 
students. 

Standard P-4:  Technology program learning environments will facilitate technological literacy for 
all students. 

Standard P-5:  Technology program management will be provided by designated personnel at the 
school, school district, and state/provincial/regional levels.  

 
AETL Student Assessment Standards 

Standard A-1:  Assessment of student learning will be consistent with Standards for Technological 
Literacy: Content for the Study of Technology (STL). 

Standard A-2:  Assessment of student learning will be explicitly matched to the intended purpose. 

Standard A-3:  Assessment of student learning will be systematic and derived from research-based 
assessment principles. 

Standard A-4: Assessment of student learning will reflect practical contexts consistent with the 
nature of technology. 

Standard A-5:  Assessment of student learning will incorporate data collection for accountability, 
professional development, and program enhancement. 
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The 5E Approach to Professional Development 
 

Phase 1 – Engagement 
 

Phase 1-Engagement: This phase is the first step in a series of experiences that are designed to engage the audiences at 
each level.  The first Phase includes an introduction to the Engineering ByDesign Program, the EbD Network of 
Schools, data to support the program, and information about standards-based instruction.  Student assessment and 
Program evaluation are also discussed.  The format is designed to be an interactive presentation that may be used as a 
marketing tool, as well as way to engage administrators and key decision-makers. 
 

 
Essential Questions 
• What are the STL? 
• What is AETL? 
• What is Engineering byDesign™? 
• Why do we need consistency? 

• Why do we need student assessments? 
• What is problem-based instruction? 
• What is the Engineering byDesign™ Network? 
• What is the 5E Lesson-planning model? 

 
Length: 1-2 hours. This phase is offered as sessions at state/local/national conferences, including the ITEA Annual 

Conference. 
Audience: Potential implementers, including teachers, principals, district and state supervisors 

 
Phase 2 - Exploration 
 
Phase 2 -Exploration: This workshop is based on ‘‘Understanding By Design’’ philosophies and the content in the 
Engineering ByDesign™ courses, Exploring Technology and Engineering Design. The ‘‘Enduring Understanding’’ is the 
main idea that all participants should gain from the instruction. The ‘‘Essential Questions’’ further define the Big Ideas. 
In this instructional design, questions regarding the organization, the process, and the ByDesign philosophy are 
addressed clearly and often. This workshop is designed for participants whom have heard of the Engineering ByDesign™ 
standards-based model and are interested in more information. They will be ready to plan the implementation of the 
EbD™ model by the end of this workshop and they will be informed to the degree that they can speak knowledgably 
about it to decision makers with regard to the two model courses, Exploring Technology and Engineering Design.  
 

 

Essential Questions 
• What is Constructivism? 
• What are the STL? 
• What is the 5E Lesson-planning model? 

• What is problem-based instruction? 
• Why do we need broad-based assessment? 

 
Length: 3-4 hours for each course.  This phase is offered as the pre-conference workshop at the ITEA annual 

conference. 
Audience: Potential implementers, including teachers, principals, district and state supervisors 

Big Idea: The ITEA-CATTS Engineering ByDesign™ standards-based model provide a consistent 
organizer for assessing student attainment of the Standards for Technological Literacy 
and technological literacy

Big Idea: Understand how Engineering ByDesign™ uses constructivism and problem-based 
learning to augment technological literacy and increase student achievement. 
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Phase 3 - Explanation 
Phase 3 -Explanation: This workshop is a combination of synchronous (face to face) and asynchronous 
(electronic/online) professional development.  Participants are enrolled in the eTIDEonline courses that are being 
implemented as part of the Engineering ByDesign™ Network of Schools.  The semester course uses online learning and 
regional meetings to develop and sustain learning communities dedicated to the consistent implementation of the 
courses. 

 
 
 
 
 

 
Essential Questions:   

• What are the management strategies for a 
successful Engineering ByDesign™ classroom? 

• What are the technical skills that are specific 
Engineering ByDesign™? 

• How do the units and lessons engage students 
to learn the knowledge and skills in STL? 

• How are assessments used in Engineering ByDesign™ 
curriculum? 

• What are the best practices in facilitating problem-
based learning? 

• What are some strategies for funding, marketing, 
promoting and recruiting?  

 

Length: 3-4 hours for each course.  This phase is offered as the pre-conference workshop at the ITEA annual 
conference. 

Audience: Potential implementers, including teachers, principals, district and state supervisors 
 
Phase 4 - Extension 
 
Phase 4 -Extension: This workshop is a combination of synchronous (face to face) and asynchronous (electronic/online) 
professional development.  Participants are enrolled in the eTIDEonline courses that are being implemented as part of 
the Engineering ByDesign™ Network of Schools.  The semester course uses online learning and regional meetings to 
develop and sustain learning communities dedicated to the consistent implementation of the courses. 
 

 
 
 

 
Essential Questions 

• How do technology teachers develop a plan for 
continuous professional growth? 

• What is the role and function of a strong educational 
leader? 

• What techniques can be used to assure that instructional 
strategies are aligned with intended goals? 

• How can opportunity provided for 
collaboration and problem solving among 
colleagues enhance instruction? 

• What are the best practices in facilitating 
problem-based learning? 

• What are some strategies for funding, 
marketing, promoting and recruiting?  

 
Length: 3-4 hours for each course.  This phase is offered as the pre-conference workshop at the ITEA annual 

conference. 
Audience: Potential implementers, including teachers, principals, district and state supervisors 

Big Idea:   Provide knowledge, abilities, and understanding consistent with STL and Engineering ByDesign™

Big Idea: Provide knowledge, abilities, and understanding consistent with STL and Engineering ByDesign™
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Phase 5 - Evaluation 
Phase 5 -Evaluation: This workshop is a combination of synchronous (face to face) and asynchronous 
(electronic/online) professional development.  Participants are enrolled in the eTIDEonline courses that enable them to 
develop resources and inter-rater reliability.  

 
Essential Questions 

• What are the management strategies for a successful Engineering ByDesign™ classroom? 
• What are the technical skills that are specific Engineering ByDesign™? 
• How do the units and lessons engage students to learn the knowledge and skills in STL? 
• How are assessments used in Engineering ByDesign™ curriculum? 
• What are the best practices in facilitating problem-based learning? 
• What are some strategies for funding, marketing, promoting and recruiting?  

 

Length   4 - days 
Audience  Planned Implementers including teachers, principals, district and state supervisors 
Facilities Required A functional classroom environment with supporting resources, materials and equipment.  
 
 

Phase 6 – Expert/Enrichment 
Phase 6 --- Expert/Enrichment: This experience is a combination of synchronous (face to face) and asynchronous 
(electronic/online) professional development.  Participants are enrolled in the eTIDEonline  
 
Big Idea:   Provide knowledge, abilities, and understanding consistent with STL and Engineering ByDesign™ 
 
Essential Questions 

• How does involvement in professional organizations contribute to professional growth? 
• What are the attributes of effective instructional modeling? 
• How does efficient data collection impact instructional delivery? 
• How are assessments results used to guide instructional planning? 
• What is the relationship between UbyD and school reform? 
 

Length   On-going 
Audience  Planned Implementers including teachers, principals, district and state supervisors  
Facilities Required A functional classroom environment with supporting resources, materials and equipment. 

Big Idea:   Provide knowledge, abilities, and understanding consistent with STL and Engineering ByDesign™
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Assessments 
The Engineering byDesign™ (EbD™) Program is driven for success by a series of student 
assessments and Program evaluations that strive to enhance the ability of teachers to be 
skilled at helping students improve their achievement in technology, mathematics and 
science.  Each of the implementation programs for the FY2006 and FY2007 are complete 
with student pre- and post-assessments that assist the teacher to develop adequate lessons to 
ensure students are technologically literate at the end of the Program.  Each course has 
specific knowledge an skills that contribute to the end goal of technologically literate 
students.  Therefore, as students progress through the program, it is inherent for teachers to 
be adequately trained to identify student exemplars from which to base student progress 
towards the achievement of benchmarks. 
 
Currently, student assessments are being validated to ensure reliability that students are in 
fact achieving the STL standards, as well as that students in the EbD™ Program are achieving 
higher in mathematics and science.  This validation phase will be complete by June, 2007 in 
order that students will be able to complete the assessments at the end of the EbD™ Network 
initial year (May, 2007.) 
 
In addition to the student assessments, the EbD™ Program will be working with member 
institutions to evaluate program performance, and the ability for the professional 
development that is being used (5E Planning Process) is working and proving to have a 
positive result on the expertise of teachers. 

Chapter 
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Responsibility Matrix for STL 
Standards and Benchmarks 
 

Appendix 

A 
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