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ABSTRACT - The purpose of this study was to describe a process of preparing technology education teachers 
to teach engineering design concepts in the context of technology education. This process was identified through a 
study of professional development activities that were organized and conducted by technology teacher education 
partner universities of the National Center for Engineering and Technology Education (NCETE) to prepare middle 
school and high school technology teachers to infuse engineering design, problem solving, content, and analytical 
skills into the K-12 curriculum. A collective multisite case study formed the methodology for this study. A total of 
15 interviews were individually analyzed, and then compared through a cross-case analysis. Professional 
development emerged as a core theme and comprised the following sub themes: planning, communities of practice, 
professional development administration and learning environment, professional development for technology 
education teachers, professional development activities in the classroom, assessment, expertise, and meaning 
making. 

 

Keywords: Professional Development 

INTRODUCTION 
Global competition in the business world, the Internet, and widespread use of technology continue to create new 
challenges and opportunities for employers and workers. [Gomez, 5] postulated that the lack of technically-oriented 
individuals is one of the most significant labor shortages during such dynamic times. Consequently, this has posed a 
great challenge for technology teacher educators endeavoring to prepare teachers who will be responsive to a rapidly 
changing workplace and the global economy as a whole. Future development of technology education curricula will 
be influenced by changes in the social, economic, political, and technological forces shaping each and every sector 
of our lives. Jobs in the 21st century, particularly those involving new technologies, will need team players, problem 
solvers, and people who are flexible and possess high levels of interaction skills. According to [ Leask, 8] these 
rapid technological changes illustrate the necessity for regular review of technology education curricula, and a need 
to constantly upgrade teachers’ knowledge and skills. Teaching today presents a progressively multifaceted work 
environment that requires continued professional development. What teachers teach and what they are prepared to 
teach should reflect the times in which they live. Previous research has reported the challenges of continuously 
preparing career and technical education teachers [Lynch, 10, 11; McCaslin & Parks 12; National Center for Career 
and Technical Education (NCCTE), 16; Walter & Gray, 20]. A report on the status of career and technical education 
teacher preparation programs by the [National Center for Career and Technical Education, 15] identified 
discrepancies between teacher preparation, practice, and professional development. Teachers often have too few 
opportunities to improve their knowledge and skills, and their professional development opportunities are of poor 
quality. The [U.S. Department of Education, 19] acknowledges that professional development activities serve as the 
bridge between where prospective and experienced educators are now, and where they will need to be, in order to 
meet new challenges of guiding all students in achieving higher standards of learning and development. Currently, 
the field of technology education stands at a critical juncture in its history. Custer (personal communication, April 8, 
2005) stated that while some very positive initiatives have taken place in the field, a number of critical problems still 
facing the profession must be addressed for the discipline to survive and thrive.  

[Ritz, 17] argued that there was much confusion in the field about what technology education was and what students 
in technology education programs should be learning. [Zuga, 22], [Rowell, 18], and [Cajas,3] each stated that there 
is a great deal of research to be conducted in determining efficient and cost-effective ways to conduct professional 
development activities that would support teachers as they continuously improve their capacity to help their students 
become technologically literate.  Today, there is keen interest in identifying curricular and teacher instructional 
practices that are effective in accomplishing technology education goals. Experts in the field of technology 
education have identified engineering as a professional field that is, closely associated with technology and strives to 
solve modern societal problems that have practical importance. This perspective therefore, places engineering as a 
field most closely associated with technology education. The National Center for Engineering and Technology 
Education (NCETE) has proposed that the field of technology education adopt aspects of an interpretation of design 
based on the engineering definition. The center has advocated infusing engineering design as a focus for technology 
education curriculum as a reasonable strategy to address the concerns of the field [NCETE, 15]. Based on needs 
identified in the literature, this study investigated the content and instructional practices of teacher educators 
facilitating engineering design activities at selected NCETE sites. The study also examined secondary technology 
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teachers’ reflections on their experiences with respect to content, delivery, strengths, and weaknesses of engineering 
design workshops at selected NCETE sites. 

RESEARCH QUESTIONS 
 This Study was guided by the following research questions (a) how are the two sites similar or different? (b) What 
factors influence teacher educators’ choice of content and instructional activities when conducting engineering 
design professional development workshops? (c) What theories of instruction and learning do teacher educators use 
to teach engineering design in professional development workshops? What influenced them to choose these 
theories? (d) How do teacher educators conducting professional development workshops plan to evaluate the 
effectiveness of the workshops in meeting stated objectives? (e) What reflections concerning their experiences with 
respect to content, delivery methods, strengths, and weaknesses of the engineering design workshops do secondary 
technology teachers have? What are the strengths and limitations of each program? (f) What would secondary 
technology teachers like to have changed in engineering design professional development workshops with regard to 
content and instructional activities? Why would they like the changes? And (g) what implications for subsequent 
programs can be drawn from data collected at the two sites? 

METHOD 
This study assumed that, (a) knowledge is constructed through social interaction, (b) professional development 
workshop activities consist of a group of people with similar goals, insights and thoughts, and (c) professional 
development workshop activities assist in the development of a common approach to solve educational challenges 
among a group of people who share similar practices. Therefore, a qualitative case study approach was chosen to 
describe a process for preparing technology education teachers to teach engineering design concepts in the context 
of technology education. Constructivism and communities of practice frameworks were chosen to guide the 
researchers to interpret participant’s perceptions [Lavoie & Roth, 7]. 

PARTICIPANT SELECTION 
Participants included secondary technology teachers and educators who participated in and completed engineering 
design professional development workshops during the summer of 2006 at two National Center Consortia 
Universities. Fifteen participants were interviewed. Two were females, and thirteen were male. Four of the 
participants were university professors whose area of specialization is teacher preparation in technology education 
and engineering design practices. The remaining eleven participants were middle and high school teachers, eight of 
whom taught at the high school level and the other three at middle school.  

DATA COLLECTION 
Data collection took place over the summer of 2006 at both centers and consisted of daylong observations, video 
footage of workshop participants completing design challenge, 30-40 minutes of interview session, and collection of 
artifacts. Interview transcripts were transcribed verbatim and sent out to workshop participants for member checks.  

DATA ANALYSIS 
Data analysis began with the first interview of each group as described by, [Miles and Huberman, 14] and [Goetz 
and LeCompte, 4]. Each individual analysis was then followed by a cross-case examination of data as described by 
[Merriam, 13]. The researcher bracketed participants’ responses by becoming aware of prejudices, viewpoints, and 
assumptions regarding professional development activities and teacher preparation. This helped conduct the analysis 
from a fresh and open viewpoint without prejudgment or imposing meaning too soon. Taking this position informed 
the researchers’ understanding of participants’ experiences without presupposing already held beliefs and my own 
experiences. The 15 interviews were analyzed separately using some grounded theory strategies and inductive 
analysis. The researcher also spent several hours watching and replaying the video footage looking for data and 
instances that supported emerging themes.  

DISCUSSION AND FINDINGS 
Participant responses and additional material collected during the study led the researchers to categorize data 
according to the commonalities and themes that emerged with no observed priority or order. Professional 
development emerged as a core theme and comprised the following sub themes: (a) planning, (b) communities of 
practice, (c) professional development administration and learning environment, (d) professional development for 
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technology education teachers, and (e) professional development workshop activities for the classroom. Participants 
names have been changed to pseudonyms and quotes are used throughout this section to emphasize identified themes. 

Professional Development  

In this study professional development meant several things to the participants. First, it referred to providing 
teachers with an additional tool, or to improve some form of expertise they already possessed to enable them be 
more effective and efficient in performing their work related duties in the face of change. Barno remarked, “It’s 
finding a new way to do something to hopefully be more effective in the classroom with students.” Kicheko 
postulated, “professional development is something that allowed an individual to extend their potential, it’s the thing 
that the life long learner will seek out as a professional.”  

To most secondary technology teachers who participated in this study professional development referred to learning 
something new that they could help make a connection to what they were already doing in their classroom. With 
regard to the professional development workshop activity, Moko a middle school teacher reported that the hands-on 
activities in the workshop were very important experiences for kids, since they learned by seeing. Visupu a high 
school teacher, said, “I can use it with my students I may not do it the same way in my class but I will definitely use it 
with my students.”  

Planning 

As documented on the NCETE website, the organization seeks to use professional development as a vehicle to (a) 
develop secondary technology teachers’ instructional decision making so that it focuses on the analytical nature of 
design and problem solving needed to deliver technological as well as engineering concepts, and (b) develop 
engineering analysis and design skills in technology teachers, strengthening their mathematics and science 
knowledge and skills. To achieve instructional changes of delivery of technology education material at the K-12 
level, workshop facilitators strategically planned to conduct engineering professional development over a period of 
five years, with each year divided into three main workshop segments. The first segment is conducted during the 
spring semester, followed by a summer session, and the last segment is conducted during the fall and early winter. It 
can therefore be argued that a plan is a formal system of doing things that realizes a desired goal.  Petro a workshop 
facilitator who has been teaching for over thirty years said, “You know, a lot of times you can make all sorts of 
excuses when things backfire, but if you had a plan you feel better prepared to enter into certain situations.” 
According to Barno a workshop facilitator, as soon as the summer segment is concluded workshop facilitators at 
Eleven University seek feedback on suggestions for improvement in readiness to plan for the next group of teachers. 
Barno stated: 

We will start thinking of what workshop activities we need to change and how, what materials they will 
need to order, what teachers will need to accomplish tasks presented to them, how many teachers will be 
invited to attend and how many will be middle school or high school. 

A plan can therefore, be thought of as a well devised guiding strategy that highlights procedures or a course of 
action that will lead to the realization of intended objectives. Figure one depicts a graphical representation of 
elements that go into planning an engineering design professional development workshop as identified in this study. 
These elements are not limiting and individuals should reflect and conduct a needs analysis before embarking on 
planning similar professional development workshops.  

Communities of Practice 

Communities of practice a concept fronted by [Wenger, 21] espouses that learning is explored through the 
intersection of community, social practice, meaning, and identity creation. In this study, a group of teachers and 
workshop facilitators who shared a common goal met and participated in engineering design workshop. Harifa, a 
high school teacher who had been teaching for 15 years thought the workshop provided an opportunity to sit and talk 
with other teachers about different ideas regarding how they could implement different projects in their classrooms.  
This is what Harifa said: 

Even though, we may get away from the concept of engineering design, one is still learning. You’re 
learning what was successful in your class, what wasn’t. He may tell me something that was successful in 
his class, and I may take that to my class next year. So, we share ideas, because the bottom line is we’re all 
in here for one general purpose, the kids. What can we do to help each other out to all get to that common 
goal? 
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Petro one of the workshop facilitators summed up the idea of communities of practice when he said:  

By the time we get to year 4, we are going to have more seasoned people giving advice to people who are 
taking this for the first time. Also, because we're trying to focus on high schools that are planning on small 
learning communities. 

Such workshops present teachers with an opportunity to work together in teams, building coherent learning 
experiences for themselves and their students. As people work together to analyze what is working and to solve 
problems, they develop the ability to see how the whole and its parts interact with each other.  

 

 
 

Figure 1. Elements of planning that embrace engineering design professional development workshops as identified 

in this study 

Professional Development Administration and Learning Environment 

Successful facilitation of professional development requires management of all the components that constitute its 
operation. [Lockwood, 9] stated that administration and management of professional development programs called 
for expertise, effective planning, creation of a favorable learning environment, information flow between 
stakeholders, administrative support from school system, feedback from the workshop facilitators and regular 
opportunities to discuss ideas, experiences and encountered problems. In this study, the two sites had similar 
managerial styles and operations. Barno said that his team realized that they had their limitations and did not have 
all the answers neither did they try to figure out all possible solutions to activities they had prepared before 
conducting the workshops. He stated that his colleagues were committed to supporting the participants and offer 
guidance to facilitate learning. This is what he said, “We left it to them to build the models, and we are here for 
support if they get to far off. We are learning quite a bit also at the same time.” On the other hand participants in this 
study unanimously agreed the learning environment created by the workshop facilitators was befitting for the 
workshop. Moko remarked: 

I really don’t feel out of place, it’s very relaxed and you can move around the shop. The tendency is that if 
you are comfortable in your environment you are freer to make good decisions and if you feel out of place 
then you going to be pressured to make decisions.  
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The informal contextual learning environment created in these workshops, the support structure accorded by 
workshop facilitators in addition to time off from work, provided a setting in which participants’ negotiated meaning 
and socially constructed knowledge as they sought to solve presented challenges working in a team. 

Professional Development for Technology Education Teachers 

[Borko and Putnam, 2] stated that professional development programs that focus on expanding and elaborating 
teacher’s knowledge systems are vital in today’s climate of educational reform. Limpo a workshop facilitator, 
described some activities his team conducted to meet this objective, he mentioned that they invited key speakers, 
took field trips, conducted group work, and hands-on activities. Additionally he said, “We give them problems to 
work on individually. There are some homework assignments they take back and reflect on, we provide them with 
reading assignments so that they can learn more about the topics we do.”  Petro stated that his main goal was to 
specifically teach workshop participants how to conduct engineering design challenges in their classroom. When 
asked if the workshop had exposed him to strategies that he will use to transfer knowledge he had acquired in the 
workshop to his classroom setting, Mitaro a high school teachers said:  

I think that the workshop did try to focus on that issue, particularly in the second half of the workshop. 
They spent more time talking about what issues we will face in adapting this design challenge into our 
classroom curriculum. In my case, it fits very naturally into my robotics curriculum. But, for other people, 
it wasn't as close of a fit. 

Benta, a math high school teacher had a different opinion. He remarked, “I knew everything already, so it was kind of…., I 
wouldn't say, a waste, but it was redundant.” Contrary to Benta’s view, Mitaro commented that one of the things that 
the workshop did really well, was making sure that teachers from a wide range of backgrounds were presented with 
all the knowledge they needed to participate before they embarked on the design challenge. He said, “We spent a lot 
of time working on background knowledge and information, while my background is engineering, I still enjoyed 
everything.”   

Professional Development Workshop Activities for the Classroom 

 In this study, instructions were sequentially ordered to provide participants with prerequisite knowledge to complete 
assigned challenges. Limpo pointed to this when he said, “we give them all the requisite knowledge that they will 
need to know for the engineering design challenge that happens in the summer.” Petro further espoused Limpo’s 
statement. He said: 

Because some of our teachers are from professions other than tech ed, it's a new exposure to things like 
project-based learning. The whole series of spring workshops is foundation laying. They come out of these 
sessions well-prepared to take on the engineering design challenge that we provide for them.   

According to [Block, 1], developing lessons that assist students to become better problem solvers should strive to (a) 
build student’s commitment, (b) increase their engagement in difficult thinking processes, (c) develop their self-
efficacy, (d) decrease their tendencies toward learned helplessness, (e) resolve their cognitive dissonance, and (f) 
increase their personal problem- space. This study identified that the key to infusing K-12 technology education 
curriculum with engineering content is developing classroom activities that reflect engineering design concepts 
while reflecting on [Block’s, 1] factors. These activities should be designed to consist of lectures, demonstrations 
and hands-on activities that constitute the engineering design process, field trips to engineering schools, and 
motivational key speakers.  Additionally, teachers should seek to understand their students learning styles as such as 
those described by [Kolb, 6]. 

How Results Address the Research Questions and Purpose of the Study 

The findings reveal practical approaches to teaching engineering design aspects to teachers and brings to light 
secondary teachers’ and workshop facilitators’ reflections, and opinions that could help enhance efforts to infuse 
engineering design as a focus for preparing technology education teachers as well as related classroom activities. 
Due to the nature of qualitative design, these findings are not generalizable to a larger population and do not imply 
any priority with regard to the way they have been listed. The following findings summarize what the researchers 
learned from this study: 

1. Professional development has different definitions 

2. Project based learning is a powerful way to conduct engineering professional development workshop 
activities geared to help infusion of engineering aspects into technology education. 
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3. To meet stated objectives, professional development requires commitment from facilitators and participants 
as well. 

4. Professional development workshops that seek to infuse engineering design aspects into the K-12 
technology education curriculum are enhanced when communities of practice and collaborative learning 
strategies are utilized. 

5. Engineering professional development activities for secondary technology teachers is guided by the 
interplay of the following components (a) successful planning (b) professional development administration 
and learning environment that exhibit communities of practice attributes (c) meeting professional 
development needs and expectations of technology education teachers (d) a set of activities that are 
transferable to the classroom setting and depict infusion of engineering design into technology education 
curriculum (e) a feedback system, and (f) subject matter experts who exhibit expertise in administration and 
facilitation of teacher preparation activities as well as engineering and technology disciplines. 

6. Professional development engineering design activities situated in a contextual environment may help 
students to be actively engaged and view learning as relevant to meaningful real world problems, learn 
from each other, and develop high order thinking and problem solving skills as evidenced by the comments 
of workshop participants in this study. 

7. Individuals undertake professional development for various personal and professional needs depending on 
where they are in their careers. 

8. According to the participants of this study engineering design activities meant for the classroom should 
seek to exhibit the following components (a) hands-on activities that constitute engineering design 
processes (b) field trips to engineering organizations (c) engineering profession motivational speakers, and 
(d) modification of instructional practices and use of a wide variety of strategies that support students’ 
learning techniques. 

IMPLICATIONS 
Implications of this study apply to (a) teacher educators who prepare secondary teachers as well as prepare and 
deliver professional development workshops and are actively involved in engineering and technology education, 
policy makers and administrators, and (b) middle and high school teachers interested in integrating engineering 
design into their classroom teaching 

Implications for Teachers Educators, Policy Makers and Administrator: A major implication for practice will be the 
process identified for preparing technology education teachers to infuse aspects of engineering design into the K-12 
technology education curriculum. This process is graphically presented and outlines ingredients and key components 
that teacher educators need to reflect on when designing professional development activities geared to infuse 
engineering design into the context of technology education. These components are not limiting in that, they offer a 
reference point from which teacher educators can design workshops of such magnitude. Specifically this process 
requires educators to conduct periodic research activities that determine needs and the projected direction in the field 
of technology education in order to prepare programs that will continuously meet any impending changes. Built into 
this process should be reports on suggestions and feedback from workshop participants with reference to workshop 
content, teaching strategies, and general administration of the workshop.  

This study calls for greater collaborative efforts among stakeholders, that is, NCETE, policy makers, teacher 
educators, and administrators involved in preparing inservice teachers who can infuse engineering design aspects 
into the K-12 curriculum. Such efforts are longitudinal in nature and need to be the cornerstone of technology 
education teacher preparation practices. These inservice education programs should be all-year round activities for 
teachers with evaluative practices in place.  This means that procedures ought to be established to have teacher 
educators involved in engineering and technology education conduct inservice education at the state level 
throughout the year. To this end, school administrators should offer incentives and support structures for teachers 
who seek to attend workshops of this nature. Additionally, if infusion of engineering design at the K-12 level is the 
way forward for technology education each state education department should seek to develop an organizational 
structure, personnel and strategies that will seek to support such an endeavor.  At the pre-service level, policy 
makers, engineering and technology education teacher educators, and administrators need to strategize, collaborate, 
and seek ways to develop and deliver programs that are interdisciplinary and offer aspects of engineering design at 
the university level. Such programs should be designed to encourage the participation of students from engineering, 
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math, science, and technology education. This venture will not only create broader rich learning experiences for 
these students but also meet the long term objective of infusing engineering design at the K-12 curriculum.  

Implications for Middle and High School Teacher:  Nearly all teachers stated their reasons for attending the 
workshop; for example, one main reason these teachers indicated was that they liked the hands-on activities in the 
workshop and looked forward to incorporating engineering design aspects into their technology education classes. 
Having participated in the workshops, participant’s experiences, suggestions, and practices might influence and 
offer middle and high school teachers a better understanding of the importance of engineering design and the 
significant role it can play when incorporated in the curriculum. The study also draws attention to characteristics of 
design challenges that seek to exhibit engineering design aspects in the K-12 classroom. 

CONCLUSION 
For infusion of engineering design to be successfully integrated in the K-12 level curriculum, there needs to be a 
systematic and yet flexible approach that includes the components identified in this study. Such an approach should 
be informed by policy makers, teacher educators, school administrators, and the wider community by actively 
supporting such ventures through participation in research studies that seek to find out more on how we can improve 
teacher preparation practices as well as curriculum materials.  

Developing such practices not only emphasizes the concerns and research needs as reported by experts in the field of 
technology education, but also lays a foundation for  innovative curricular changes, and program design while 
providing an ideal platform to re-examine the objectives of infusing engineering design into the K-12 curriculum. It 
is hoped that this study will help improve facilitation of engineering design activities and pave the way for future 
research that seeks to address infusion of engineering design at the K-12 level. Such a venture may bring about 
curriculum changes that depict integration of technology education, engineering, and other subjects that offer broad 
learning experiences and are focused on using a systematic process to develop logical solutions within the 
constraints of the environment and society.    
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