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Introduction 

Two papers are presented herein that complementarily relate to the identification of 
overarching concepts and instructional contexts that research has shown to be an appropriate 
basis upon which to design instruction for secondary school engineering and technology 
education students. The first paper, A Research Study to Identify Overarching Themes and 
Instructional Contexts in Secondary School Engineering and Technology Education, summarizes 
an international research study conducted by researchers at Hofstra University in New York and 
Delft University of Technology in the Netherlands. The second paper, Engineering Concepts 
Taught and Related Teaching Methods Employed by Technology Education Teachers, is a study 
conducted by researchers at Virginia Tech University who investigated instructional methods 
related to the teaching of engineering-related content and processes in secondary school 
technology education programs across the United States. Taken together, these two papers 
provide contemporary insight into how engineers, engineering educators, and secondary school 
Technology Education teachers perceive the instructional underpinnings and potential of the 
emerging field of engineering and technology education.  

Paper I: A Research Study to Identify Overarching Themes and Instructional Contexts in 
Secondary School Engineering and Technology Education. 

 
Michael Hacker • David Burghardt • Marc J. de Vries • Ammeret Rossouw 

 

Abstract 
The publication of the ITEEA Standards for Technological Literacy and most recently, the 

2011 NRC Framework for Science Education represent two major steps forward in identifying 
the educational components necessary for life in a technological world. The development of a 
sound conceptual basis for engineering and technology education (ETE) curriculum is indeed 
critical to the grounding of this emerging field of study; but the extant list of practices, concepts, 
and core ideas, though substantial, might not, according to engineering and technology experts, 
be representative of the most appropriate instructional contexts and overarching ideas that are 
most fundamental to engineering and technology education.  



2 
 

This research study, Concepts and Contexts in Engineering and Technology Education 
(CCETE), was an international effort to define the most salient unifying themes that cut across 
domains, and to identify the most important social contexts appropriate for Engineering and 
Technology Education and thus give insight into the holistic nature of engineering and 
technology. These overarching themes and social contexts form a framework for developing 
curricula and classroom materials for engineering and technology education. The study was 
conducted jointly by researchers from Hofstra University in New York, and the Delft University 
of Technology, in The Netherlands and involved 33 experts from nine different countries. 
 
Research Problem 

Teaching about engineering and technology (ETE) is a challenge, given the impressive 
speed of technological development. If the goal is to educate for the future instead of the present 
or past, rapid changes in the technological domain make this work challenging. One approach 
that is well suited to the kinds of change technology undergoes involves using conceptual themes 
that have remained constant throughout history. A large number of concepts have been identified 
Standards for Technological Literacy, many of them somewhat atomistic. The National Research 
Council (NRC) K-12 science education framework addresses core ideas in engineering but these 
are focused (somewhat narrowly considering the scope and scale of the human-made world) on 
engineering design, and links among engineering, technology, science, and society [1]. The NRC 
framework also addresses “crosscutting concepts” but these are reminiscent of prior science 
frameworks and do not start with the intent to represent overarching ideas that are fundamental 
to the entire domain of engineering and technology. In the CCETE study, two high level research 
questions were posed to the research panel: 

 
RQ1. For purposes of developing secondary school ETE curricula, what are the core unifying 
ETE themes that are most important and transferable? 

 
RQ2. For purposes of developing secondary school ETE curricula, what contexts are most 
appropriate within which to revisit these overarching themes? 

 
Introduction 

One of the main issues in the development of ETE is the search for a sound conceptual 
basis for the curriculum in the U.S. and other countries worldwide. This search has become 
relevant as the nature of technology education has changed: it has gradually evolved from 
focusing on skills to focusing on technological literacy. Additionally, the National Academy of 
Engineering’s report, Engineering in K-12 Education [2], examines the current status of 
Engineering education and raised a number of issues re ETE. The lack of conceptual framework 
for ETE is one of those issues. It is important for students to develop an understanding of 
technological literacy and this implies that they have developed a realistic image of engineering 
and technology.   

We need to be explicit about what we mean by engineering and technology. Engineering is 
about creating the human-made world, the artifacts and processes that never existed before.  This 
is in contrast to science, the study of the natural world. Most often engineers do not literally 
construct the artifacts, they provide plans and directions for how the artifacts are to be 
constructed. Artifacts may be small like a hand calculator or large like a bridge. They also design 
processes, the processes may be those used in chemical and pharmaceutical industries to create 
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chemicals and drugs, to directing how components are put together on an assembly line, or 
indicating how checks are to be processed in banking. Technology encompasses the way humans 
develop, realize, and use (and evaluate) all sorts of artifacts, systems, and processes to improve 
the quality of life. Technological literacy is what people need to live in, and control, the 
technological environment that surrounds us. This literacy comprises practical knowledge, 
reasoning skills, and attitudes. According to the National Academy of Engineering, technological 
literacy requires that children have a knowledge base not only about technology but also about 
the math and science that underlie it [3].  

Engineering and technology education has long been delivered in two ways: through 
general education and through vocational education. In general education, the focus historically 
has been on practical (craft) skills. However, this emphasis has changed in most countries, 
including the U.S.; traditional school subjects have been replaced by what is generally called 
“technology education.” The main purpose of technology education is developing technological 
literacy, but in some cases a vocational element remains. In vocational education the focus has 
been on preparing for a career in the trades or in technical areas. This kind of teaching has 
focused on specific knowledge and skills. The latest development is that engineering has been 
accorded a more substantial place in general (technology) education. This shift is combined with 
the integration of science and math and leads to what is known as science, technology, 
engineering, and mathematics (STEM) education. Our use of the term engineering and 
technology education (ETE) relates to these contemporary developments and characterizes ETE 
as important and valuable for all students. Traditionally, curricula for engineering and 
technology education are structured according to either engineering disciplines (e.g., mechanical 
engineering, electrical engineering, construction engineering) or application fields (e.g., 
transportation, communication). These structures do not offer much insight into the nature of 
engineering and technology. A better approach for developing insights is to search for basic 
concepts that are broadly applicable in engineering and technology and cut through different 
engineering domains and application fields.  

The various efforts to develop a sound conceptual basis for teaching engineering and 
technology have led to the development of important insights and ideas. A major 
accomplishment was the development of the Standards for Technological Literacy [4] in the 
U.S. In these standards there are many concepts related to engineering and technology, however 
the focus in developing them was on technology education, not Engineering Technology 
Education situated in a STEM setting. Although useful as focal points for learning, standards 
typically define what students should know and be able to do in specific content or programmatic 
areas. In some cases, competencies defined by the standards are quite broad; in other cases, the 
competencies are atomistic.  

To enhance standards-driven curriculum by helping learners understand relationships 
among technological domains, this study has identified a set of overarching, unifying themes that 
cut across context domains and thus give insight into the holistic nature of engineering and 
technology. These broad, unifying themes can be used to develop curriculum and learning 
experiences in engineering and technology education.  
 
Research Methods 

The research approach used was a modified Delphi study involving 33 experts from nine 
countries from various ETE-related disciplines: philosophy and history of technology, science 
and technology communication, engineering education, and technology (teacher) education. 
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Experts were chosen who had published works related to the nature of engineering and 
technology, and therefore could reasonably have been expected to have sophisticated opinions 
regarding major themes and contexts in ETE. After three Delphi rounds and a face-to-face 
reconciliation meeting, a consensus was established. 

This study asked not only for important, transferable ideas (major themes / overarching 
concepts) in engineering and technology but also for suitable contexts that could be used to teach 
these ideas, as research indicates that context is crucial to understanding. On the basis of the 
outcomes of the Delphi study, a set of unifying themes and a set of social contexts were 
identified which can be used as the framework for secondary school curriculum development in 
ETE.  

CCETE consulted experts from a variety of disciplines concerned with basic concepts 
related to engineering and technology. These disciplines included: 

 technology education (as a component of general education at the secondary level) 
 technology teacher education (and educational research) 
 engineering education (at the tertiary level) and engineering organizations 
 philosophy and history of technology 
 design methodology 
CCETE consulted experts from nine countries (Australia, England, Germany, India, Israel, 

Netherlands, New Zealand, Scotland, USA). The Standards for Technological Literacy [5] were 
developed primarily by experts in the U.S. and one of our goals was to create a study whose 
results could inform K12 Engineering Technology Education globally.   

CCETE identified not only unifying themes, but also technological contexts in which the 
themes can be taught. This should be seen against the background of recent developments in 
educational research. Such research has led to the insight that themes are not learned easily in a 
top-down approach (i.e., learning the themes at a general, abstract level first and then applying 
them to different contexts). Even an approach in which themes are first learned in a specific 
context and then transferred to a different context has proved unfruitful. Recent insights 
developed reveal that themes should be learned in a variety of contexts so that generic insights 
can grow gradually [6, 7]. This growth leads to the ability to apply the themes in new contexts. In 
this approach, it is important to identify the themes that should be learned as well as the contexts 
that are suitable for learning those themes. 
 
Modified Delphi Study 

One way to ascertain the opinion of a group of experts is to conduct a Delphi study. This 
research method, aimed at establishing a consensus of experts’ opinions, has both strengths and 
weaknesses. The main strength is that one can use statistical means to establish whether or not a 
consensus exists, and this lends a degree of objectivity to the study (even though the choice for 
the criteria and criterion values remains a matter of preference). The main weakness is that one 
depends totally on opinions rather than facts (albeit expert opinions). This makes the quality of 
the study dependent on the choice of experts for the Delphi panel. An advantage of a Delphi 
study over a panel meeting is that no single expert can dominate the consensus. 

The disadvantage is that it is not possible to discuss the outcomes of the Delphi rounds with 
the experts. Although the number of Delphi studies is still not high, the method has once again 
been accepted as a serious research design. A Delphi study was conducted by Osborne5 and 
published in the Journal of Research in Science Teaching. This study was relevant not only 
because it justified our choice of the Delphi method, but also because it had a goal that was very 
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similar to our own: to establish a list of basic and broad concepts related to science for use in the 
development of science education curricula. 

In our case we have combined the Delphi study with a panel meeting held on August 5–6, 
2009, at Hofstra University in New York. By combining the advantages of the Delphi study and 
the expert panel meeting the main disadvantage of a Delphi study was mitigated. 

 
Research Design 

Our research design, similar to the one Osborne [8] used, is typical for Delphi studies. A 
group of experts were invited by e-mail to participate in the study. In a first round, the 33 experts 
who agreed to participate were asked to generate themes and contexts and rate each one for 
importance. The number of experts involved is well over the 20–25 usually involved in a Delphi 
study. In our research we have adapted this first round: we provided the experts with a draft list 
of themes and contexts to rate on a 1–5 Likert scale. We did this because we wanted to clarify 
the level of generality we were looking for. In other words, by suggesting such themes as 
“systems” and “optimization,” we wanted to prevent experts suggesting themes that were 
substantially less transferable.  

 
Area of ETE Expertise Number of participants 

Philosophy/History and 
Communication of Technology 

        5 

Engineering Educators 
 

        8 

Technology Educators         20 
               Table 1   Disciplinary Breakdown of Delphi Participants 
 
 
Another adaptation is that we added draft definitions to the unifying themes and contexts 

and asked the experts to comment on these and to indicate whether or not they found the defined 
themes and contexts suitable or not. The following rounds were more standard. In the second 
round the experts were presented with the broad themes and contexts, and their amended 
definitions; they were provided with their scores in round three. They were asked to give scores 
of importance again, based on their own opinion as well as on the information related to the total 
average score of the whole group. No more themes or contexts could be added. We emphasized 
that our aim was not to reach exact definitions of the themes and contexts. Instead, we hoped to 
convey the essence of each theme and context, so that the experts would not need to respond 
again to the definitions but only rate them. Also, we asked the experts to be sparing with high 
scores so that only the most important concepts would stand out. We pointed out that aiming for 
a short list was also the reason why we did not include each theme and context that the experts 
had suggested in the first round. 

The outcomes of the Delphi study have been used as the input for a meeting of a panel of 
experts, with the purpose of turning these outcomes into a framework for curriculum 
development. The panel consisted of six participants of the Delphi study plus two other experts 
that had not been involved in the Delphi study (four engineering educators, four technology 
educators). Also two of the researchers were present whose backgrounds were in the philosophy 
of technology and technology education. The process was as follows: first, the group reflected on 
the contexts that came out of the Delphi study; and second, reflected on the overarching themes. 
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Both of the lists were found to lack structure and hierarchy, which is understandable from the 
methodology of the Delphi study. An analysis was made of the nature of the consecutively ranked 
themes and contexts to provide the necessary structure for use as a curriculum framework. 

The technological contexts that ranked high on the list that resulted from the Delphi study 
appeared to consist of two sub-groups of contexts. The first group, the panel recognized as the 
contexts that traditionally had been used in the US as curriculum organizers: construction, 
production, transportation, communication, and biotechnology. The remaining contexts, the 
second group, all seemed to reflect major global concerns. Some examples of these are: energy, 
food, water, and medical technologies. This impression was confirmed by the motivations given 
by some of the experts in the Delphi, one of whom phrased this as “making the world a better 
place.” In the discussion, the panel realized that both the traditional and the global concern 
contexts were related to basic human needs that are addressed by engineering and technology. 

Thus, the panel developed a single list of technological contexts that reflected engineering 
and technological endeavors in the context of addressing personal, societal, and global concerns. 

The contexts include: Food (e.g. agriculture, biotechnology), Shelter (e.g. construction), 
Water (e.g. supply and quality), Energy (e.g. production, distribution), Mobility (e.g. 
transportation), Production (e.g. manufacturing), Health (e.g. medical technologies), Security 
(e.g. firewalls), and Communication (e.g. internet, satellite).   

This list both does justice to the outcomes of the Delphi study (it covers the top nine of the 
contexts list) and has a logic to support it (they are all basic human concerns). Another consideration 
was that the list would need to do justice to the fact that some of these contexts were put forward by 
the Delphi experts from a ‘global concern’ point of view, but other contexts originally were put 
forward because they allowed for deriving more concrete practices that would appeal to the learners 
because of their daily life character. So the panel decided to add the recommendation that when 
developing a curriculum, the contexts should be elaborated in two directions: in a ‘personal concern’ 
(or ‘daily life practice’) direction and in a ‘global concern’ direction. 

The next step was to reflect on the unifying theme list. It was evident that this list contained 
themes of different levels of abstraction. Therefore it was decided to identify those themes with 
the highest level of abstraction and to put the remaining themes under these ‘main’ themes. 
Starting from the top of the list, the panel identified the following themes as the most abstract: 
design (as a verb), systems, modeling, resources, and values. The last mentioned theme did not 
feature as such on the list but was introduced by the panel as a heading for several themes in the 
list that were value-related. It also reflected the concern of a number of Delphi experts to make 
the normative dimension of technology and engineering visible in the list of unifying themes. 
The remaining themes that scored high could then be put under these five main headings.  

The unifying themes are Design (e.g. optimization, trade-offs, specifications); Modeling 
(e.g. representational and predictive); Systems (e.g. function, structure); Resources (e.g. 
materials, energy, information), and Human Values (e.g. sustainability, innovation, risk, failure, 
social interaction). 

Figure 1 illustrates how the unifying themes and technological contexts might be 
visualized. This draws upon the NCTM’s Principals and Standards for School Mathematics [9], 
where there are content standards (e.g. algebra, geometry) and process standards (e.g. problem 
solving, reasoning and proof) that highlight ways of acquiring and using content knowledge. We 
are proposing an analogous model. The unifying themes are analogous to the process standards 
in mathematics, reflecting in some ways the habits of mind that a technological literate person 
could use in understanding technological contexts.   
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Conclusions 

The modified Delphi study enabled us to work with experts from nine countries and from a 
variety of technological disciplines, all concerned with K12 Engineering Technology Education, 
and glean from the process an orthogonal set of standards—unifying themes and technological 
contexts for K12 ETE. Interestingly, and very importantly, we believe, is that this international 
group conceived of K12 ETE as being fundamentally involved with sustainability on a personal 
and global level. This is a new image of Engineering and the technological world, which are 
often cast in terms of disasters and tragedy.   

While evolving a curriculum framework, which we hope this contributes to, there is much 
to do in terms of deciding what is needed at different grade levels. How does one discuss 
systems, in the context of water, to a 7 year old? To a 15 year old? How to make best use of the 
potential of engineering design strategies to increase student engagement? And how to develop a 
more holistic understanding of modeling by revisiting it in different forms in mathematics, 
science, and technological contexts.  

At all grade levels there is competition for time, adding another discipline may not be 
possible, except as an elective option. Current research [10, 11] indicates the use of design 
challenges, with informed design teaching strategies, improves student mathematics content 
knowledge and positively affects their attitudes.   

Further discussion among the panel 
participants indicated that an ETE curriculum 
should reflect continuity and progression from 
grade level to grade level. Continuity will ensure 
that thematic ideas and important concepts are 
addressed at all levels. Progression will show how 
conceptual understanding deepens through 
increasing abstraction of ideas, mathematical 
analysis, and complexity and richness of problems 
in two directions: in a personal concern or daily 
life practice direction and in a global concern 

direction (see figure 2). 
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A themes and contexts matrix (see figure 3) that reflects curriculum continuity and 
progression would be populated with salient NRC, NAEP, STL, and Common Core standards and 
thus define a PreK-12 ETE scope and sequence.  

Consequently, an ETE curriculum framework will identify critical grade-by-grade ETE skill 
sets and be useful as a development tool across grade levels. 
 
In Summary 

The lists of themes and contexts, generated by a select international group of experts in 
various ETE-related fields, can help us take an important step forward in identifying the 
disciplinary core of engineering and technology education, and in forming an educational 
strategy for teaching and learning that core.  

Hofstra University’s Center for Technological Literacy and the Delft University of 
Technology, conducted an international research study in the summer of 2009 to identify the 
most important unifying concepts and disciplinary contexts in K12 Engineering and Technology 
Education (ETE). The purpose of the study, titled Concepts and Contexts in Engineering and 
Technology Education (CCETE) was to provide a framework for developing contemporary ETE 
curricula. The study drew upon the expertise of 33 individuals from nine countries with a broad 
range of experience in ETE-related domains. These experts included philosophers and historians 
of technology, technology teacher educators, and engineering educators.  

A set of core unifying themes, applicable to all technological fields, emerged from this 
study and give insight into the nature of engineering as a holistic endeavor. The themes are 
Design (e.g. optimization, trade-offs, specifications); Modeling (e.g. representational and 
predictive); Systems (e.g. function, structure); Resources (e.g. materials, energy, information), 
and Human Values (e.g. sustainability, innovation, risk, failure, social interaction). 

In addition a set of technological contexts emerged, situated in the belief that K12 ETE 
should support students as they work toward building a sustainable world. The contexts include: 
food (e.g. agriculture, biotechnology), shelter (e.g. construction), water (e.g. supply and quality), 
energy, mobility (e.g. transportation), production, health (e.g. medical technologies), security, 
and communication.  
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Paper II. Engineering Concepts Taught and Related Teaching Methods 
Employed by Technology Education Teachers 

Mark Sanders • Thomas Sherman • Patricia Watson 
 

For more than two decades, technology educators have been ramping up engineering-
related instruction within their middle and high school curricula (Sanders, Sherman, Kwon & 
Watson, 2011). Similarly, career and technical educators have been offering engineering-related 
content. Importantly, two recent initiatives— the NAEP 2014 Engineering & Technology 
Assessment (http://www.edgateway.net/cs/naepsci/print/docs/470) and the National Research 
Council’s (2012) Framework for K-12 Science Education—signal a new era in STEM Education 
in America, as they will likely facilitate the induction of engineering content into the K-12 
Science curriculum. If so, it will be the most radical innovation in science education since the 
Committee of Ten worked their magic more than a century ago. 

It will be decades before the jockeying of engineering content amongst the STEM school 
subjects settles into a stable pattern and at least that long before we’ll know the outcome of 
current efforts to implement K-12 engineering education for all (if indeed things get headed that 
way). All of this will be impacted by the different cultures / paradigms embedded within the S, 
T, E, & M silos. 

There are a host of players in the K-12 engineering education arena, each coming to 
engineering from different pedagogical paradigms. Technology Education is an elective area 
intended to promote “technological literacy for all K-12 students (ITEA, 2000).” For the past two 
decades, its signature pedagogy has been technological/engineering design (Savage & Sterry, 
1990) heavily influenced by the simple adage employed in the field since the 1870s: “Twenty-
five percent lecture, seventy-five percent hands on,” an approach championed by John Dewey 
(1916) and validated by the findings of cognitive science (National Research Council, 2000). 
The Career and Technical Education (CTE) culture reflects the vocational goals and skill-
training paradigm conceptualized in the Smith-Hughes Vocational Education Act of 1917, which 
promoted education for work upon graduation from high school. Major elements of that 
pedagogical framework are still evident today, despite CTE’s re-definition efforts over the past 
two decades. Science education, required of all students across the K-12 spectrum has focused on 
developing students’ understanding of the natural world (AAAS, 1989). While inquiry-based 
instruction has been promoted as the gold standard since the publication of Science for all 
Americans (AAAS, 1989), lecture and replication of conventional experiments remain evident in 
science education pedagogy/culture. In similar fashion, Mathematics education reform efforts 
(National Council of Teachers of Mathematics, 1989, 2000) have led to new curricula and 
instructional materials that transcend the mathematics instructional methods of the past, 
attempted, but as is true across all of K-PhD education, old habits die slowly. 

We’re beginning to see science, and to a lesser extent, mathematics educators joining the 
Technology and CTE educators in experimenting with engineering content within (but very 
rarely across) the four silo STEM subject areas. It is reasonable to expect the very differing 
pedagogical practices each of the S, T, E, and M bring to K-12 engineering education will 
continue to result in differing pedagogical approaches to engineering education carried out 
within their four different venues. That certainly been the case thus far. Ideally, the addition of 
engineering content to the Science curriculum will result in experimentation with new integrative 
STEM education approaches (Sanders, 2006, 2008, 2009; National Academy of Engineering, 
2012). 
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Despite the STEM Education landscape just described, there is relatively little data 

describing the pedagogical methods being employed by S, T, E, or M educators as relates to the 
teaching of engineering concepts and processes in secondary education. That remains the case 
for engineering-related instruction in Technology Education, despite the fact that Technology 
Education has been teaching engineering-related concepts and practices for several decades 
(Sanders, et al., 2011). 

The purpose of this study, therefore, was to investigate instructional methods relating to the 
teaching of engineering-related content and processes in middle and high school Technology 
Education programs across the U.S. The intent was to add to the relatively scant body of 
knowledge in this arena at a time when K-12 teachers, administrators, and policy-makers are 
aggressively pursuing new instructional models and curriculum for teaching engineering content 
to all students, within or across several or more subject areas, for the first time in the history of 
American education. 
 

Engineering Concepts for K-12 Education 
While Technology Education had clearly made a turn toward engineering education in the 

last quarter of the 20th century (Sanders, et al., 2011), there was no consensus within or beyond 
Technology Education regarding what constituted an appropriate K-12 engineering education 
curriculum, primarily because until recently, there had been no substantive effort to identify and 
describe the body of engineering content that such a curriculum might/should contain1. 
Typically, each substantive K-12 engineering education curriculum project or initiative has 
determined independently what constituted appropriate content for engineering-related 
instruction. Faculty and doctoral students in the National Center for Engineering & Technology 
Education (NCETE) were among the first to wrestle with this problem. In the 21st century, they, 
and others, have begun in earnest to identify engineering concepts appropriate for K-12 
engineering instruction.  

In preparation for this study of engineering education teaching practices in Technology 
Education, we reviewed a variety of studies that sought to identify engineering concepts for K-12 
or secondary education. We were interested in acquiring a list engineering concepts that had 
been arrived at through one or more well-designed studies consistent with the “engineering 
education for all PK-12 students philosophy that underlies our work. With that in mind, we 
reviewed seven studies that sought to identify engineering concepts appropriate for K-12 
education (see Childress & Rhodes, 2008; Custer, Daugherty, & Meyer, 2009; Dearing & 
Daugherty, 2004; Harris & Rogers, 2008; Katehi, Pearson, & Feder, 2009; Rossouw, Hacker, & 
de Vries, (2010); Wicklein, Smith, & Kim, 2009). 

About half of those studies used a modified Delphi methodology2 (Childress & Rhodes, 
2008; Dearing & Daugherty, 2004; Harris & Rogers, 2008; Rossouw, et al., 2010). Some of the 
Delphi studies started with a review of engineering-related documents to provide an initial list of 
concepts that study participants then ranked and/or rated on a Likert scale. In others, the expert 

                                                 
1 There have been engineering course titles in Technology Education, “pre-engineering” education curricula, and 
elementary engineering curricula, but those curriculum development efforts have generally been grounded in the 
national standards for Science, Mathematics, and/or Technology Education and/or the various engineering fields,  
rather than on engineering concepts and processes. 
2 The Delphi method is a technique that solicits information from an expert panel and uses statistical methods to 
develop consensus among the experts across a series of rounds (Brown, 1968). 
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panel generated an initial list, followed by several rounds of subsequent collective revisions of 
that list. When study participants were asked to rank the importance of a long list of potential of 
K-12 engineering education concepts, they typically ranked all or nearly all of the concepts as 
important concepts to be taught, thereby generating very lengthy lists of relatively fine-grain 
engineering concepts. 

The National Academy of Engineering study (Katehi, et al., 2009) commissioned two 
reviews of the evidence relating to core engineering concepts. Specifically, Silk and Schunn 
were tasked to identify core engineering concepts (knowledge) and Petrosino, Svihla, and 
Brophy were similarly recruited to identify core engineering skills. They reviewed relevant 
national and international literature from technology education, engineering, and engineering 
design to identify the core concepts, however they did not solicit input through either a focus 
group or Delphi method. 

Custer, et al. (2009) drew from a variety of sources in identifying core engineering 
concepts, including: “(a) key history and philosophy of engineering and technology documents; 
(b) focus groups, (c) curriculum materials; (d) standards documents; and (e) research studies 
focused on identifying engineering and technological outcomes” ( p. 9). Their focus groups 
(panels of experts) included university engineering education faculty and practicing engineers. 
The concepts distilled from those sources were presented to a reaction panel of Engineering and 
Technology education experts for reflection based on their understanding of secondary level 
education. 

Some, but not all of these studies, were designed to identify key science and mathematics 
concepts important in K-12 engineering education. The studies differed in their emphasis on 
psychosocial skills such as communication and teamwork. The Custer et al., and the NAE studies 
focused on developing a list of concepts that were unique to engineering. 

The wide variance in the methodologies and perspectives employed for the aforementioned 
studies deterred us from lumping all of the studies together for the purpose of choosing the most 
frequently occurring engineering concepts. After carefully considering each of the 
studies/methodologies in conjunction with our selection criteria, we settled on the list of 13 
engineering concepts (and associated brief descriptions) identified by the Custer, et al. study (see 
Table 1). In accordance with their research methods, the 13 concepts appearing in Table 1 
appeared in a variety of sources, including extant engineering and technology education 
documents and in the list of concepts generated by two focus groups of engineering experts. In 
addition, the concepts they identified were reviewed by experienced secondary level Technology 
& Engineering educators. The 13 concepts they identified are unique to Engineering and 
Technology and do not include science and mathematics concepts or psychosocial skills. While 
these concepts and skills are certainly important, they are not generally considered the primary 
responsibility of a Technology Education teacher, though they may be taught and/or reinforced 
by Technology education instruction. 
 
Table 1. Core Engineering Concepts (from Custer, Daugherty, & Meyer, 2009) 
Concept  Description   
analysis  risk, cost/benefit, life-cycle, failure, mathematical, decision, functional, 

economic  
constraints  criteria, specifications, limitations, requirements, iterative, technological, 

analysis 
design  based, experimental, ergonomic, universal 
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efficiency * key engineering goal, guiding principle  
experimentation  testing, test development, trial and error  
functionality ~ key engineering goal, usefulness, practicality  
innovation  creativity, improvement, refinement, invention  
modeling  mathematical, computer-based, sketching, technical drawing, physical 

optimization  improvement, refinement, balancing, decision heuristics  
prototyping   physical and process modeling and evaluation, preliminary   
systems   input/output, process, feedback,  component design and interaction,  

subsystems 
trade-offs   conflicting constraints,  negotiation, competing  requirements or criteria   
visualization ~ imagery, spatial and abstract representation, sketching   
* Concept appears in 3 of 5 data sources         
~ Concept appears in 4 of 5 data sources 

 
Method 

Purpose & Research Questions 
As indicated earlier, the purpose of this study was to investigate engineering-related 

instructional practices employed by middle and high school Technology Education teachers 
across the U.S. 

Through this investigation, we sought to address the following research questions: 
1. Which engineering-related concepts identified by Custer, et al (2009), are being taught by 

Technology Education teachers across the U.S.? 
2. Which of those engineering concepts do they favor (amount of instructional time)? 
3. Which of the following instructional methods (Reading, Writing, Lecture, Demonstration, 

Discussion, Hands-On Activities) are Technology Education teachers using to teach those 
engineering concepts? 

4. Which of those instructional methods do they favor (amount of instructional time)? 
 
Population 

The population employed in this study consisted of all secondary Technology Teachers 
appearing in the mailing list of the International Technology & Engineering Educators 
Association (including both ITEEA members and non-members). We chose this population for 
its general representation of Technology Education teachers across the U.S. We were well aware 
that this population is not fully representative of all Technology Education teachers. We settled 
upon this population because (as those who have attempted to survey Technology Education 
teachers across the U.S. have discovered) it is essentially impossible to either identify the entire 
Technology Education population in the US, from which a random sample might be drawn, or to 
otherwise identify a sample of Technology Education teachers that is representative of all 
Technology Education teachers in the U.S. Because we expected a relatively low response rate 
from this population, we sent the survey participation invitation to all members of this 
population, rather than to a sample identified from this population. 
 
Instrumentation 

We developed an instrument to collect basic demographic data as well as data relating to 
instructional practices that would allow us to address the research questions identified above. 
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The engineering concepts from which this instrument was developed were the 13 engineering 
concepts identified by the Custer, et al (2009) study. That study also included several or more 
descriptive terms associated with each of the 13 engineering concepts they identified. There were 
48 of these short descriptive phrases associated with the 13 engineering concepts, which we used 
to develop 48 concept/process statements, providing us with a robust set of engineering-related 
sub-concepts/processes engineering concepts (See Table 2). We thought this approach would get 
us to concepts of a desirable “grain size” for this study. For example, this approach allowed us to 
gather data for the analysis concept that addresses both the sort of analysis that employs 
mathematics, as well as the sort of analysis that does not employ mathematics.  
 
Table 2. Engineering Concepts & Sub-concepts  (Adapted from: Custer, et al., 2009) 
Core Concept # Sub-concept/Process For

m 
Analysis 1 Use math to analyze some aspect of a problem/solution  A 
Analysis 2 Analyze some aspect of a problem/solution without using math B 
Analysis 3 Conduct a risk analysis of a potential solution to a problem C 
Analysis 4 Calculate a cost/benefit analysis of a solution to a problem A 
Analysis 5 Calculate the life-cycle of a device or solution B 
Analysis 6 Analyze a device or solution to a problem to see how/why it 

failed 
A 

Analysis 7 Analyze the economic impact of a proposed solution to a problem C 
Constraints 8 Indentify constraints relating to a problem A 
Constraints 9 Design a solution within stated constraints B 
Constraints 10 Design a solution within stated specifications or design criteria C 
Design 11 The design process  A 
Design 12 Design principles B 
Design 13 Design a product or solution C 
Design 14 Design using “universal design ”principles A 
Design 15 Ergonomic design principles B 
Design 16 Evaluate a designed solution A 
Design 17 Re-design/rebuild a solution based upon an evaluation of that 

solution  
C 

Efficiency 18 Efficiency A, 
B, C 

Experimentation 19 Informed trial and error method of creating solutions B 
Experimentation 20 Incremental trial and error method of creating solutions A 
Experimentation 21 Formulate and test hypotheses B 
Experimentation 22 Make careful observations  C 
Functionality 23 Evaluate the performance of a working solution A, 

B, C 
Innovation 24 Innovation strategies (improve an existing process or 

device/solution) 
A 

Innovation 25 Principles of creativity B 
Innovation 26 Invention of a new process or device C 
Innovation 27 Improvement/refinement C 
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Modeling 28 Conceptual modeling B 
Modeling 29 Sketching C 
Modeling 30 2D Technical drawing B 
Modeling 31 Digital 3D modeling A 
Modeling 32 Physical 3D modeling C 
Optimization 33 Optimizing a component of a solution A 
Optimization 34 Optimizing the performance of a solution B, C 
Prototyping 35 Build a physical prototype of a designed solution to a problem A 
Prototyping 36 Evaluate prototypes B 
Prototyping 37 Principles of prototyping C 
Prototyping 38 Rapid prototyping C 
Systems 39 Systems theory (input. process, output, feedback, interaction of 

components) 
A 

Systems 40 Analyze a system  B 
Systems 41 Design a system C 
Tradeoffs 42 Identify “tradeoffs” in a designed/built solution to a problem A 
Tradeoffs 43 Evaluate “tradeoffs” in a designed/built solution to a problem B 
Tradeoffs 44 Identify intended/unintended consequences in a designed/built 

solution 
C 

Visualization 45 Sketched representation of a designed/built solution B 
Visualization 46 2D digital representation of a designed/built solution C 
Visualization 47 3D digital representation of a designed/built solution B 
Visualization 48 Animated representation of a designed/built solution A 
 

Thus, we developed 48 discrete concept/process statements for the instrument. Some of the 
13 concepts had more concept/process statements than others; for example, analysis had seven 
prompts whereas efficiency only had one.  

We developed the instrument for this study with tools provided by SurveyMonkey.com. 
Part I of the instrument collected basic demographic information from the Technology Education 
participants, including their educational background, the nature of their teaching certification, 
etc. The instrument then asked participants to identify the most “engineering-like” course or unit 
that they taught. That engineering-like course or unit became the basis for their responses to the 
items in Part II of the instrument, which focused on instructional methods used to teach each of 
the concepts/processes listed in Part II. 

We divided the 48 concept/process statements amongst three different forms of the 
instrument, to decrease the survey participant response time We made certain that, on each of the 
three forms, each of the 13 broad concepts were represented by one or more of the 48 descriptive 
statements we developed,). For each of the concept/process statements we provided, participants 
were asked to answer several questions. First, Technology Education teachers were asked 
whether or not they taught that engineering concept during the engineering-like course or unit 
they had identified in Part I of the survey.  If their answer was “Yes,” they were then asked if 
they had a formally stated learning objective associated with that engineering-related 
concept/process, followed by an item that asked if they formally assessed student learning 
associated with that engineering-related concept/process. For each of the concepts they said they 
were teaching, they were provided with a list of 6 instructional methods (student reading, student 
writing, teacher lecture, class discussion, teacher demonstration, and student hands-on activities) 
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and asked to indicate how many minutes (if any) they engaged students in those six instructional 
methods (in teaching that concept/process). Our intent was to get a better understanding of the 
extent to which Technology Education teachers were teaching engineering concepts, and of the 
instructional methods they were using to teach those engineering concepts. 

For purposes of validation, each of the three instrument forms were carefully reviewed by 
the three members of the research team to identify conceptual and logistic problems and to get an 
initial sense of the time required to complete the instrument. Following that review, minor 
revisions were made to the instrument. We then field tested each of the three forms with five 
middle school and 4 high school Technology Education teacher/ITEEA members selected for 
their expertise. We divided the 3 different forms of the instrument among these 9 teachers. They 
were each instructed to identify the length of time required to complete the instrument and 
document any/all general and/or specific problems or issues they encountered as they worked 
their way through the instruments. That process resulted in another round of minor revisions to 
the three forms of the instrument. 
 
Data Collection 

Following review and approval of our research methods by our university’s Institutional 
Review Board, we created 3 separate listservs (one for each form of the instrument) that 
collectively included all members of the population described earlier. We used those three 
listservs to invite all members of the population to participate in this study. Each of these 3 
invitation emails included a URL/link to one of the three forms of the instrument. The three 
forms of the instrument were administered using the secure https capability within 
SurveyMonkey. Participants were asked to complete the survey within four days, after which 
time we sent a follow-up reminder (which once again included the survey URL) via email. 
Informed consent was implied through participants’ submission of completed surveys. We 
repeated that follow-up procedure one more time, so that participants each had three separate 
opportunities to complete the survey.  

We received 652 responses from participating Technology Education teachers.  
 

Initial Findings 
Selected Demographics 

We used Excel and SPSS to analyze the data. Because the data collection process ended 
fairly recently, we have completed only an initial/preliminary set of analyses. The following 
demographic data describe the 652 participants who responded to our survey. About 59% of 
survey respondents were current members of the International Technology & Engineering 
Educators Association; 41% were not. Nearly 2/3 (64%) were high school Technology Education 
teachers; the other 36% were middle school teachers. 

Not surprisingly, 92% of respondents in this study were white. Sanders (2001) conducted a 
national study of Technology Education programs in which he asked questions of middle school 
and high school Technology Education department heads. Responding department heads at that 
time reported about 94% of the Technology Education teaching force to be caucasian and about 
10% were women. About 21% of the respondents in this study were women. While male 
teachers still dominate the profession, these data may signal a gradual increase in the percentage 
of women teaching Technology Education. If so, it’s not clear if this is the result of more women 
entereing the field, more women remaining in the field, or perhaps both. 
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Figure 1. Bachelor’s Degree and Teaching Licensures / Certifications Held  

 

  
Nearly three decades ago (1985) the name of the field formally changed from “Industrial 

Arts” to “Technology Education.” Yet, only 44% of those responding hold bachelors degrees in 
Technology Education. Nearly a third (30%) earned a bachelors degree in Industrail Arts and  
one fourth held an Industrial Arts Education teaching license, reflecting what we have long 
known to  be a relatively old teaching workforce, many of whom were initially prepared to teach 
before the onset of digital technologies. It’s worth noting that 8% of those responding hold 
engineering degrees. That’s interesting because we know of only one postsecondary institution) 
(Colorado State Univeristy) in which those earning a Technology Education teaching license 
earn a bachelor’s degree in engineering (and CSU has graduated only a small number of teacher 
licensure candidates, and has only done so over the past few years).  So it’s likely that 
Technology Teachers holding engineering degrees entered Technology Educaton as an 
afterthought, since it’s far less likely they earned their engineering degree while teaching. The 
8% figure may appear higher than expected, beause it’s logical that those with engineering 
degrees were more likely to respond to this survey than were those without engineering degrees. 
About 94% held a teaching license in IA or TE, which is consistent with findings from earlier 
studies. Interestingly, 76% of all respondents held more than one teaching license. 
 

Most-Taught & Least-Taught Concepts/Processes 

Figure 2. Most-Taught Concepts/Processes 

# Core Concept Sub-concept/Process Yes % 
10 CONSTRAINTS Design a solution within stated specifications or design 

criteria 
96% 

11 DESIGN The design process  95% 
1 ANALYSIS Use math to analyze some aspect of a problem/solution  92% 
13 DESIGN Design a product or solution 90% 
29 MODELING Sketching 89% 
35 PROTOTYPING Build a physical prototype of a designed solution to a 

problem 
88% 
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Not surprisingly, nearly all of the most-taught concepts (e.g., sketching, designing with 
specifications or design criteria, and building a prototype) are procedural (rather than 
conceptual) in nature and relate directly to the “design/build” methods that have long been 
prevalent in Technology Education. Somewhat surprising is the fact that nearly all respondents 
(92%) indicate they teach the use of math to analyze some aspect of a problem/solution. This is 
an area ripe for further investigation; are they actually teaching grade appropriate 
mathematics… or are students merely using simple arithmetic as they go about the design/build 
process? This question is of the type that will (hopefully) be a fundamental question in STEM 
Education in the 21st century. 
 
Figure 3. Least-Taught Concepts/Processes 

# Core Concept Sub-concept/Process Yes % 
15 DESIGN Ergonomic design principles 34% 
40 SYSTEMS Analyze a system  33% 
48 VISUALIZATION Animated representation of a designed/built solution 31% 
38 PROTOTYPING Rapid prototyping 28% 
5 ANALYSIS Calculate the life-cycle of a device or solution 28% 
33 OPTIMIZATION Optimizing a component of a solution 19% 

The list of least-taught concepts/processes is interesting when juxtaposed with the “most-
taught list. Clearly, nearly all Technology Education teachers participating in this study were 
engaging students in the processes of designing and building. But each of the least-taught items 
(above, with the exception of the animated representation of a built solution) are clearly an 
important aspect of sophisticated engineering design. This list begs the question: Is it really 
engineering design if issues such as ergonomics, systems analysis, optimization, and life cycle, 
aren’t being addressed? Or perhaps respondents don’t have a clear understanding of terms such 
as “optimization,” which is the least taught item in this study. 
 
Summary of Findings for the 13 Engineering Concepts/Processes 

The following Figures offer a summary of the extent to which participating Technology 
Education Teachers teach, assess, and formally identify learning objectives for each of the 13 
concepts identified by the Custer, et al. (2009) study. 
 
Figure 4. Analysis 

# Sub-concept/Process Teach Objective Assess 
1 Use math to analyze some aspect of a problem/solution  92% 80% 91% 
2 Analyze some aspect of a problem/solution without using 

math  
85% 86% 89% 

3 Conduct a risk analysis of a potential solution to a problem 41% 53% 59% 
4 Calculate a cost/benefit analysis of a solution to a problem 43% 62% 55% 
5 Calculate the life-cycle of a device or solution 28% 69% 62% 
6 Analyze a device or solution to a problem to see how/why 

it failed 
86% 74% 79% 

7 Analyze the economic impact of a proposed solution to a 
problem 

47% 59% 55% 
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Figure 5. Constraints 

# Sub-concept/Process Teach Objective Assess 
8 Identify constraints relating to a problem 75% 77% 73% 
9 Design a solution within stated constraints 86% 95% 96% 
10 Design a solution within stated specifications or design 

criteria 
96% 93% 93% 

 
Figure 6. Design 

# Sub-concept/Process Teach Objective Assess 
11 The design process  95% 92% 90% 
12 Design principles 80% 88% 88% 
13 Design a product or solution 90% 93% 94% 
14 Design using “universal design” principles 37% 61% 59% 
15 Ergonomic design principles 34% 51% 53% 
16 Evaluate a designed solution 74% 79% 76% 
17 Re-design/rebuild a solution based upon an evaluation of 

that solution  
75% 76% 75% 

 
Figure 7. Efficiency 

# Sub-concept/Process Teach Objective Assess 
18 Efficiency 52% 57% 56% 
 
Figure 8. Experimentation 

# Sub-concept/Process Teach Objective Assess 
19 Informed trial and error method of creating solutions 62% 66% 72% 
20 Incremental trial and error method of creating solutions 45% 41% 41% 
21 Formulate and test hypotheses 48% 65% 66% 
22 Make careful observations  64% 64% 65% 
 
Figure 9. Functionality 

# Sub-concept/Process Teach Objective Assess 
23 Evaluate the performance of a working solution 76% 83% 78% 
 
Figure 10. Innovation 

# Sub-concept/Process Teach Objective Assess 
24 Innovation strategies (improve an existing solution) 45% 57% 58% 
25 Principles of creativity 49% 61% 70% 
26 Invention of a new process or device 52% 69% 68% 
27 Improvement/ refinement 69% 78% 73% 
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Figure 11. Modeling 

# Sub-concept/Process Teach Objective Assess 
28 Conceptual modeling 46% 79% 81% 
29 Sketching 89% 84% 89% 
30 2D Technical drawing 70% 87% 92% 
31 Digital 3D modeling 60% 80% 80% 
32 Physical 3D modeling 59% 82% 85% 
 

Figure 12. Optimization 

# Sub-concept/Process Teach Objective Assess 
33 Optimizing a component of a solution 19% 32% 32% 
34 Optimizing the performance of a solution 40% 56% 52% 
 

Figure 13. Prototyping 

# Sub-concept/Process Teach Objective Assess 
35 Build a physical prototype of a designed solution to a 

problem 
88% 94% 94% 

36 Evaluate prototypes 73% 87% 85% 
37 Principles of prototyping 54% 61% 59% 
38 Rapid prototyping 28% 42% 43% 
 

Figure 14. Systems 

# Sub-concept/Process Teach Objective Assess 
39 Systems theory (input. process, output, feedback, 

interaction of components) 
50% 75% 63% 

40 Analyze a system  33% 71% 67% 
41 Design a system 40% 64% 67% 
 

Figure 15. Tradeoffs 

# Sub-concept/Process Teach Objective Assess 
42 Identify “tradeoffs” in a designed/built solution to a 

problem 
36% 47% 38% 

43 Evaluate “tradeoffs” in a designed/built solution to a 
problem 

40% 57% 51% 

44 Identify intended/unintended consequences in a 
designed/built solution to a problem  

39% 55% 49% 

 
Figure 16. Visualization 

# Sub-concept/Process Teach Objective Assess 
45 Sketched representation of a designed/built solution 83% 83% 89% 
46 2D digital representation of a designed/built solution 53% 74% 75% 
47 3D digital representation of a designed/built solution 43% 79% 81% 
48 Animated representation of a designed/built solution 31% 44% 48% 
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Discussion 
[NOTE: Further discussion of the initial findings presented above, and possibly additional data 
and findings, will be provided at the P-12 Summit Session.] 
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