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K-8 Teachers’ Responses to Their First Professional Development
Experience in Engineering

l. Introduction

Bringing engineering into elementary-level classrooms is desirable because it opens a window of
opportunity to learn about engineering while reinforcing science, technology, engineering, and
mathematics (STEM) learning®. Engineering education is particularly effective at reducing the
loss of students’ interest in STEM subjects taught in elementary school?. However, elementary
teachers, as well as their students, know little about engineering due to a lack of formal
instruction®*. Thus, teacher professional development (TPD) in engineering is essential to enrich
teachers’ STEM content knowledge and pedagogical content knowledge, and to improve teacher
practices, so they can be successful at teaching engineering®®.

A. Challenges for Successful TPD

Educators face a number of challenges when trying to learn effectively from TPD and then
attempting to implement what was learned in their teaching practices. These challenges include
the ineffectiveness of TPD itself, teachers’ negative attitudes towards TPD, and the barriers that
teachers experience when trying to implement innovative classroom activities and pedagogies
that they learned from TPD in their classrooms.

Based on the results from the survey data of nationally sampled mathematics and science
teachers, Garet, Porter, Desimone, Birman, and Yoon (2001)’ discussed characteristics that made
TPD effective for teachers: structural features of TPD programs and core features of TPD
activities. Structural features of TPD programs include various types of TPD activities that are
reformed from the traditional ones, long duration of TPD activities, and specially designed TPD
for the collective participants, such as teachers from the same school, grade, or subject. The core
features of TPD activities include concentrating on content knowledge, promoting opportunities
for active learning, and fostering coherence of TPD activities. Garet et al. (2001)" showed that
those features were mutually connected in the path model that showed causal relationships with
strengths and directions of the influence among the variables of the features. This implies that
missing one or two of the features might weaken the relationships among the variables and make
TPD ineffective.

As counterproductive outcomes of TPD, Killion (1999)® mentioned that TPD programs “waste
teachers’ time,” “insult their intelligence,” and cultivate teachers’ resistance to TPD (p.12). The
main reason for teachers’ negative attitudes towards TPD might be because of the low-quality of
the TPD programs that they attended. Thus, providing high-quality TPD will not only change
teachers’ negative attitudes towards TPD but also help develop teachers’ knowledge, their
teaching skills, and their classroom practices’.
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However, even though high-quality TPD is provided, it is still difficult for teachers to apply what
they learned from TPD to their teaching practices. Johnson (2006)° adopted Anderson’s (1996)*°
conceptual framework concerning three dimensions of barriers (technical, political, and cultural)
and discussed each barrier that science teachers faced when applying reformed instructional
practices in their classrooms. Here, the technical barriers include teachers’ content knowledge,
pedagogical knowledge, as well as teachers’ ability to implement new instructional strategies and
teach constructively. The political barriers, which are hard for teachers to control, include the
lack of local leadership and support. The cultural barriers referred to teachers’ beliefs concerning
teaching and their preparation ethic. In other words, it means teachers’ feeling of their obligation
in transmitting content knowledge to prepare their students for the next level.

B. Evaluations of TPD

Many studies have assessed the quality of TPD with the purpose of improving the effectiveness
of TPD for teachers. Indicators to assess the quality of TPD can be professional development
design, delivery, content, context, and outcomes**. For example, Kwakman (2003)*? investigated
the factors that influenced teachers’ participation in TPD by using surveys and reformulating the
TPD activities in response to a qualitative study. Duncan, Diefes-Dux, and Gentry (2011)*
focused on the content of engineering TPD on teachers’ recognition and understanding of the
nature of engineering by coding teachers’ reflective pre- and post-journal responses. Bredeson
(2000)* assessed the content and contexts of TPD by analyzing teachers’ responses to the
schools and staffing survey (SASS). Garet et al. (2001)” identified the features that influenced
the effectiveness of TPD based on teachers’ responses from a teacher activity survey. Lowden
(2005)* evaluated TPD and its impact on teacher change by applying a designed survey.
Posnanski (2002)* analyzed the TPD model that was developed by Haney, Czerniak, and Lumpe
(1996)"° and elementary science teachers’ self-efficacy beliefs based on the data collected from
an evaluation form and a survey that included open-ended questions.

C. Previous Studies about Teachers’ Evaluations of Engineering TPD

For TPD in engineering, only a few studies have investigated the evaluations of TPD from
teachers’ perspectives. Duncan, Oware, Cox, and Diefes-Dux (2007)%* assessed the impact of
TPD in engineering upon teachers’ perceptions of engineering and investigated teachers’
attitudes toward integrating engineering into their classroom instruction. As a result of week-
long TPD with engineering, teachers self-reported that they were more familiar with the
engineering content and had a high level of interest in implementing engineering activities in
their classrooms.

Bayles, Ross, Singer, Krikorian, and Sura (2011)*" evaluated a new TPD program by assessing
teachers’ perspective on the preparedness and attitudes toward seven pedagogical strategies.

29 ¢

These strategies included: “have students participate in hands-on activities”, “engage students in

2% ¢ bR T

open-ended problem solving”, “engage students in inquiry based learning”, “make connections
between science and engineering”, “work on solving real-world problems”, “do design exercises
with constraints”, and “write reflections in a notebook or journal” (p. 7). The results showed that
teachers felt that all the strategies they learned from the TPD were important, especially for the

“write reflections in a notebook or journal” and “do design exercise with constrains” strategies.
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Teachers also felt that they were well prepared for the implement of all these strategies in their
classrooms, especially for “make connections between science and engineering” and “do design
exercise with constrains”.

Kendall and Wendell (2012)*® surveyed teachers’ beliefs and perceptions toward implementing
engineering-based classroom instructions. Their results demonstrated that teachers showed their
self-efficacy in science teaching beliefs and they considered the TPD in engineering as
successful. Particularly, teachers ascribed the successful of the TPD in engineering to “the
‘hands-on’ nature, LEGO™ materials, unit coherency, professional development, in-classroom
support, and student journals” (p. 15). Although those studies focused on the evaluations of
newly developed TPD in engineering from teachers’ perspectives, the teacher participants’
responses were constrained to the pedagogical strategies or the themes set forth by the
researchers.

D. Significance of TPD Evaluations from Teachers’ Perspective

Teacher evaluations of TPD are essential to guide improvements to TPD design. First, teachers’
attitudes and beliefs are part of the cultural barrier to the successful implementation of TPD. The
cultural barrier to TPD was found to be the most difficult barrier to overcome among the three
barriers (i.e., technical, political, and cultural)g. Therefore, teachers’ evalutions of TPD are
necessary to assess teachers’ attitudes and beliefs toward a particular TPD. Second, since both
the effective and the ineffective aspects of TPD can be determined through teacher evaluations,
TPD can be modified efficiently and with as few resources as possible’. Third, the expected
outcomes of TPD on teachers’ teaching strategies in their classrooms can be predicted by
surveying teachers’ prospective classroom instruction changes™ *°. Compared with methods of
evaluating teachers’ classroom instructions through classroom observation, surveying teachers’
planned classroom instructional changes provides a more immediate estimate of the potential
impact of TPD and highlights needs for additional TPD if the potential for change is slight.
Fourth, teachers’ attitudes toward TPD, which can be captured in teacher evaluations of TPD,
can provide guidance to make TPD more attractive to teachers. Thus, teachers’ attitudes toward
TPD will be more likely to be positive. Since teachers with positive attitudes toward TPD tend to
use “inquiry-based instruction” in their classrooms more frequently20 (p. 139), teachers’ positive
attitudes toward TPD may increase the outcome of TPD implementation. Finally, some teachers’
comments and suggestions are based on their expectations of TPD. Since teachers’ expectations
of TPD can serve as a baseline in determining the effectiveness of TPD?, accepting this fact, the
quality of TPD can be improved by considering teachers’ comments and suggestions. Overall,
teachers’ feedback on TPD is vital for improving the effectiveness and quality of TPD. Thus, the
benefits of TPD to teachers can be maximized.

E. Purpose of the Study

Since 2006, the Institute for P-12 Engineering Research and Learning (INSPIRE) established at
Purdue University has offered a one-week Summer Academy for elementary teachers who are
interested in incorporating engineering into their classrooms. Following each TPD week, the
INSPIRE administered a survey to investigate the impact of the program on teachers. With the
purpose of evaluating the effects of the engineering TPD on teachers’ beliefs and attitudes after
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they attended the engineering TPD, the following research questions were addressed: (a) in what
ways were teachers satisfied within the engineering TPD program?; (b) what are the most
important things teachers learned from the engineering TPD?; (c) which aspects of the
engineering TPD were meaningful for teachers?; (d) how were teachers motivated by the
engineering TPD?; and (e) what were teachers’ plans to integrate engineering into their
instruction?

Il. Method
A. Teacher Professional Development in Engineering (Summer Academy)

Week long (~40 hours) Summer Academies were offered by the INSPIRE on the university
campus and at a particular school district site in south central U.S. The four stated goals for the
INSPIRE’s introductory week-long academies are to prepare teachers to (a) convey a broad
perspective of the nature and practice of engineering; (b) articulate the differences and
similarities between engineering and science thinking; (c) develop a level of comfort in
discussing what engineers do and how engineers solve problems; and (d) use problem-solving
processes (i.e. science inquiry, model development, and design processes) to engage P — 6™
grade students in complex open-ended problem solving. Through this TPD, teachers were
engaged in hands-on, standards-based activities (e.g., design and math modeling activities) as
students, and reflect on these activities (e.g., student learning potential and implementation
logistics) as teachers. An interdisciplinary approach was taken to demonstrate how engineering
can Ee related to existing currently taught content areas (i.e., science, mathematics, and language
arts)™.

Participants constructed working definitions of technology and engineering, learned about an
engineering design process (EDP) through a short engineering design activity, and engaged in
two Engineering is Elementary (EIE) units and one or more model development activities (e.g.,
model-eliciting activities). Participants maintained engineering notebooks in which they kept
their work and reflections on the activities. Special events were provided during each academy.
A Sunday night reception was held to get to know one another and lay a foundation for thinking
about a broad definition of technology. A tour of engineering facilities (either university of
manufacturing) was provided and a social event with engineering students and practicing
engineers was hosted. At the end of the academy, the teachers created and implemented an
engineering activity for local elementary students either attending a daycare camp or invited to
attend an engineering day. Teachers participating in the on-school-site academy, as part of the
NSF funded research project, were expected to deliver “what is technology”, “what is
engineering” activities, introduction to EDP, and the four EIiE lessons contained in a single EiE
unit during the school year.

B. Participants

Participants of this study are teachers either who attended the Summer Academy offered by the
INSPIRE at Purdue University (National group) or the on-site Summer Academy held in a large
school district located in South Central United States (On-site group) from 2008 to 2011. The
2008 to 2010 National group were volunteers from across the U.S. In 2011, the National group
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was comprised of volunteers from a single district in a western U.S. state. These teachers taught
grades K to 8. The On-site 2008-2010 attendees were volunteers from a single large school
district participating in an NSF funded research program. In 2011, the On-site attendees from
five elementary schools were required to attend the academy as part of participation in the NSF
project. All On-site teachers in all years (2008-2001) taught or were instructional facilitators for
grades 2 to 4. All volunteers applied in teams of four or more to ensure colleague support for
engineering implementation post-academy. A total of 302 elementary teachers, who received
engineering TPD for the first time, responded to a survey at the end of the Summer Academy
TPD program. Table 1 shows the number of participants at both sites by year.

Table 1. Number of Participants of Summer Academy by Year and Location

Group
Year - - Total
National On-site
2008 36 29 88
2009 40 36 96
2010 47 30 101
2011 34 50" 84
Total 157 145 302

Note. “Participation was mandatory.

C. Survey Design

The Summer Academy evaluation survey was designed to evaluate teachers’ satisfaction with the
engineering TPD, including their attitudes and beliefs about engineering TPD and potential
application of their learning when they attempt to integrate engineering into their curriculum.
The survey consists of ten five-point Likert type questions (rated as very poor, poor, fair, good,
and excellent) named as the Engineering TPD Evaluation Scale (ETES) and eight open-ended
questions. The ten Likert-type questions ask about teachers’ overall satisfaction with the Summer
Academy’s TPD and their perceptions of the TPD effects on their instructional strategies. Eight
open-ended questions inquire about their attitudes and beliefs including their suggestions and
comments regarding the Summer Academy.

D. Data Analyses

Since the survey consists of two parts (ten Likert-type questions and eight open-ended
questions), the data analyses proceeded in two steps. First, for the ten Liker-type questions, two
factor analyses were applied for the data randomly split in two. In detail, an exploratory factor
analysis (EFA) and a confirmatory factor analysis (CFA) were conducted with the data from 110
and 192 teachers, respectively to identify underlying factor structures of the scale and to validate
the instrument. The distribution of responses on five-point Likert scale of items was skewed and
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did not follow a normal distribution, so robust weighted least squares (WLSMV) for categorical
data was utilized as an estimator to obtain parameter estimates of the factor analysis using the
Mplus 6.1. The EFA was carried out by the calculation of polychoric correlation coefficients,
eigenvalues, and factor loadings after oblique rotation of GEOMIN, which is the default rotation
of the Mplus. After the identification of the factor structure of the scale, the reliability coefficient
of internal consistency, Cronbach’s a, was calculated for each factor to investigate how items are
interrelated within the factor.

Among the eight open-ended questions, two researchers coded the teachers’ raw responses to the
four questions which inquired about three important things teachers learned from the engineering
TPD, meaningful aspects of the engineering TPD, how they were motivated by the TPD, and
teacher’s plans for future classroom instruction. Inductive analysis and creative synthesis
strategy were employed to analyze the responses®* . First, the two researchers independently
identified the themes that emerged in the data and coded all the data based on their identified
themes independently. Second, they held occasional meetings to reach a consensus on their
independently identified themes. Third, the researchers coded the data independently again based
on the consensus themes. Fourth, they compared, discussed, and recoded until they reach a
consensus on all of the coding. Finally, we labeled and described the themes and calculated the
frequency with which each theme appeared in teachers’ raw responses.

I11. Results
A. Validity and Reliability Evidence of the Engineering TPD Evaluation Scale (ETES)

As aresults of an EFA, we retained two factors with eigenvalues greater than one based on
Kaiser’s (1960)° criteria. All ten items had significant factor loadings onto one of two factors
with a factor loading greater than 0.40, a cutoff factor loading according to Stevens’ (2002)%’
guideline, indicating each item’s unique contribution to one of the factors. A confirmatory factor
analyses confirmed the two latent factor structure with a moderate model fit indexes (5* = 150.12,
df = 34, p < 0.001, RMSEA = 0.133, CFI = 0.987, and TLI = 0.982)? and all significant factor
loadings ranged from 0.703 to 0.979. The first factor with three items was labeled as Overall
Satisfaction with the Engineering TPD and the second factor with seven items as Perceptions of
Engineering TPD Effects on Teachers’ Instructional Strategies. The reliability coefficient of
internal consistency, Cronbach’s a, was 0.78 for the first factor and 0.92 for the second factor.

B. Overall Satisfaction with the Engineering TPD

The results using the ten-Likert type questions showed that, overall, teachers were satisfied with
the engineering TPD program. They rated the program Good (N = 302, M = 4.26, SD =0.73)
with indications of meaningful and motivating learning compared to other TPD programs.
Regarding the effect on teachers’ instructional strategies, teachers rated the program Good (N =
301, M =4.34, SD = 0.94), meaning that the engineering TPD contributed to their growth in
using new instructional strategies with confidence.
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C. Characteristics of Teacher Responses on the Open-ended Question

Teachers’ response rates were varied by the open-ended questions as shown in Table 2. On
average, 94.0% of participants (n = 284) responded on the four open-ended questions. Depending
on the questions, teachers provided a wide range of responses, so a varied number of themes
appeared in each teacher’s response. In some cases, teachers did not provide proper responses to
the open-ended questions. For example, corresponding to the question about the three most
important learning from the engineering TPD, teachers addressed a difference number of
important learning, such as from one to several. Thus, the diversity in the number of themes in
each teacher’s response allowed a sum over 100 % of respondents in each question.

Table 2. Response Rates on the Open-ended Questions (N = 302)

Valid Responses  Missing Responses

Research Question

% n %
Important learning 293 97.0 9 3.0
Meaningful aspects 275 91.1 27 8.9
Motivation 285 94.4 17 5.6
Plans for Instruction 282 93.4 20 6.6

Note. "Question indicates the question number in the open-ended survey

D. Important Things that Teachers Learned from the Engineering TPD

Fourteen themes were induced from the responses to the question about “the three most
important things you learned from the Summer Academy that you can use in your classroom.”
Table 3 shows the description of the themes identified in the teachers’ responses. The top most
important thing that teachers learned about was the engineering design process (EDP) (69.3%)
followed by half of teachers (51.2%) that pointed out knowledge about engineering and
technology (Figure 1). The third and fourth important learning were integration of engineering
and new teaching strategies answered by 29.0 % and 25.3% of teachers, respectively. The other
themes appeared in order of frequency were student teamwork, engineering activities, model-
eliciting activities (MEAS), Engineering is Elementary (EiE), student motivation, making
mistakes is O.K., teacher motivation, anyone can do engineering, engineering is fun, and teacher
teamwork with a percent of respondents ranged from 25.3% to 1.4%.
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Table 3. Themes of the Important Things that Teachers Learned from the Engineering TPD

Theme

Description

Engineering
Design Process

Engineering and
Technology
Knowledge

Engineering
Integration

Teaching
Strategies

Student Teamwork

Engineering
Activities

Model-Eliciting
Activities

Engineering is
Elementary

Student Motivation

Making Mistakes
is O.K.

Teacher
Motivation

Anyone can do
Engineering

Engineering is Fun

Teacher
Teamwork

The engineering design process (EDP) that encompasses iterative steps of
ask, imagine, plan, create, test, and improve; and that is distinct from
scientific inquiry but incorporates it as a step.

Pedagogical content knowledge about engineering and technology,
including the nature of engineering and technology, introduction of
different engineering fields, what engineers do, connections of engineering
to the real world examples, and usage of engineering vocabulary.

Effective ways to integrate engineering into current curriculum, such as
language arts, social studies, mathematics, science, and art lessons.

Teaching practices that include different ways to improve problem solving
and critical thinking skills, questioning techniques to elicit student
responses, writing technigues, such as expository, procedural, and reflective
journal writing, and how to make learning more hands-on, etc.

Team building that fosters positive peer interaction and cooperative learning
among students to solve problems and complete projects together.

Engineering activities in general, which are hands-on and practical to use in
the classroom.

Use of Model-Eliciting Activities (MEAS) lessons to bring real world math
into the classroom.

Instructional modeling of Engineering is Elementary (EIE) lessons.

Teaching engineering in interesting and meaningful ways to increase
students’ interest in engineering and to encourage students to develop
confidence in learning engineering and consider future careers as engineers.

Itis O.K. to fail at an engineering task because students can learn from their
mistakes.

Increase of teachers’ interest and confidence in learning and teaching
engineering.

Anyone can do and all ages can learn engineering.

Engineering is fun for teachers and will be fun for their students

Collaboration among teachers from the same grade or different grade levels
to incorporate engineering into their classrooms.
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Figure 1. The most important things that teachers learned from the engineering TPD (n = 293)

E. Meaningful Aspects of the Engineering TPD for Teachers

Thirteen themes emerged from the teachers’ responses on the meaningful aspects of the
engineering TPD. Table 4 presents descriptions of each theme. More than half of teachers
(50.9%) indicated that hands-on approaches were the meaningful aspects of the engineering TPD
(Figure 2). The second most meaningful aspects of the engineering TPD was Application to
Classroom and TPD Instruction, each with 23.6% of teachers’ responses. The other themes were
learning new knowledge, interaction with peers, the EDP, practicing with real students, teacher
motivation, being a student, meeting with real engineers, field trip, MEAS, and EiE with
response rates ranged from 18.9% to 1.5%.
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Table 4. Themes of the Meaningful Aspects of the Engineering TPD

Theme Description

Hands-on Hands-on approaches help teachers learn engineering concepts better with
Approaches more fun in the learning process.

Applicationto ~ What teachers learned from the engineering TPD can be easily applicable for
Classroom classroom instruction. Teachers can integrate engineering in their subject

TPD Instruction

Learning New
Knowledge

Interaction with
Peers

Engineering
Design Process

Practicing with
Real Students

Teacher
Motivation

Being a Student

Meeting with
Real Engineers

Field Trip

Model-Eliciting
Activities
Engineering is
Elementary

areas, such as mathematics and science, and adopt the materials and lesson
plans from the Summer Academy to their students.

Instructions/presentations were clear, helpful, and well balanced with
activities, including sufficient practice, application, and reflection time.
Instructors were friendly, knowledgeable, and encouraging teachers.

Teachers valued learning new knowledge and ideas. They gained knowledge
about what engineers do, what engineering/technology is, and how
engineering/technology is related to real life.

Teachers collaborated with peers and worked as a team. They were able to
interact with same and/or different grade-level teachers and discuss with
teachers who had implemented engineering.

Teachers had a lot of opportunities to go through the Engineering Design
Process (EDP).

Teachers had an opportunity to teach engineering lessons designed by
themselves to a small group of real students.

Teachers were engaged in learning engineering and developed confidence in
teaching engineering.

Teachers took the role as learners like students during the engineering TPD.
Teachers had a chance to interact with and learn from actual engineers.

Teachers had a field trip to university facilities or manufacturing plants, such
as Driscoll, Doskocil, wetlands, and wind farm because it brought real life
aspects of engineering to teachers.

Model-Eliciting Activities (MEAS) were useful as a new tool in teaching
engineering.
Engineering is Elementary (EiE) can be adapted to teaching across curriculum.
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Figure 2. The meaningful aspects of the engineering TPD (n = 275)

F. Teacher Motivation

Corresponding to the teachers’ responses on the motivating aspects of the Summer Academy, we
identified the types of teacher motivation based on Ryan and Deci’s (2000)?° definitions of
intrinsic and extrinsic motivations. Table 5 shows description of each motivation used to identify
types of teacher motivation. More than half of teachers (53.7%) demonstrated intrinsic
motivation and a similar percentage of teachers (54.0%) showed extrinsic motivation (Figure 3).
Among those teachers, 17.2 % were both intrinsically and extrinsically motivated to participate
in the engineering TPD. Less than 10% of teachers (9.5%) revealed that they were not motivated.
Some of the reasons addressed in the responses were that the length of hours (8 am —5 pm) in a
day was long and the program was intensive with lack of flexibility.



Table 5. Types of Teacher Motivation

Type Description

Intrinsic Teachers are interested in engineering and have the desire to learn new

motivation knowledge through various forms of engineering learning processes, including
engineering activities, the EIiE, MEA, EDP, and a field trip.

Extrinsic Teachers are motivated by their oriented goals and/or external controls to learn

motivation from the engineering TPD. For example, teachers were encouraged to learn by

peers or instructors; teachers wanted to learn to integrate engineering into their
classroom because it will be beneficial for their students’ learning.

40.0
35.0
30.0

25.0

Response
Rate (%)

15.0
10.0

5.0

0.0

Intrinsic Only Extrinsic Only Intrinsic & None
Extrinsic
Type of Motivation

Figure 3. Types of teacher motivation (n = 285)

G. Teachers’ Plans for Classroom Instruction

Fourteen themes appeared in the teachers’ responses on plans for classroom instruction are
described in Table 6. 42.9% of teachers responded that they will introduce the EPD to their
students and followed by 37.6% of teachers addressing application of teacher practice (Figure 4)
that they learned from the engineering TPD. 6.0% of teachers planned to start or include
engineering in class while 33.7% of teachers mentioned that they planned to integrate
engineering to their curriculum or subject areas. Even though On-site group teachers were
supposed to deliver EIiE lessons during the following school year, teachers rarely mentioned it on
their plans for classroom instruction on the survey.



Table 6. Themes of the Teachers’ Planned Classroom Instruction

Theme Description

Engineering Teachers planned to incorporate the engineering design process (EDP) in class.

Design Process

Teacher Teachers wanted to apply different questioning techniques, problem solving

Practice strategies, and hands on approaches as well as writing and discussion
techniques for their students to facilitate their learning in engineering.

Engineering Teachers will integrate engineering, such as engineering concepts, vocabulary,

Integration activities, the EDP, EiE, and MEAs, into current curriculum or subjects.

Engineering/ Teachers will introduce students to engineering and technology through

Technology instruction on engineering vocabulary, difference between engineering and

Knowledge technology, what engineers do, and examples of engineering in their everyday
life.

Engineering Teachers will include engineering activities, which are more hands-on and/or

Activities use problem solving approaches.

Thinking Skills Teachers wanted to develop students’ independent, creative, and critical
thinking abilities and encourage them to think like engineers.

Student Teachers will have their students work more as teams and learn through

Teamwork cooperative group projects.

Teacher Teachers were inspired to teach engineering for their students. They revealed

Motivation better understanding of engineering, gained confidence in teaching engineering,
and excited to teach engineering.

Model- Teachers will look for time to include Model-Eliciting Activities (MEAS) in

Eliciting their instruction.

Activities

Inclusion of Teachers will begin to teach engineering in their classroom or look for more

Engineering opportunities to include engineering lessons in their teaching.

Student Teachers will bring engineering to get students engaged in the learning

Motivation processes and promote students’ interest in engineering.

Multiple Teachers will allow students to find solutions using numerous ways and will

Solutions not set one right answer.

Engineeringis  They will teach Engineering is Elementary (EiE) in their classroom.

Elementary

Collaboration
with Teachers

Teachers will collaborate with other teachers to infuse engineering into their
curriculum.
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Figure 4. Teachers’ Plan for Classroom Instruction (n = 282)

1. Discussion

To address the effect of the engineering TPD on teachers from teachers’ perspectives, this study
utilized 302 teachers’ data from a survey that accumulated from four years of one-week long
Summer Academy. The results from the ten Likert-type questions, which quantify teachers’
perceptions regarding the engineering TPD, showed that overall teachers were satisfied with the
engineering TPD. Teachers perceived that the engineering TPD was more meaningful and
motivating than other TPD workshops and the Summer Academy increased their confidence in
teaching science, mathematics, and engineering. This indicates that the engineering TPD had a
positive influence on the participated teachers and the Summer Academy was a workshop
worthy of teacher participation.

While the quantitative data presents the overall summary effect of the Summer Academy, the
qualitative data from the four open-ended questions provided rich information about the
engineering TPD that encompass a broad spectrum of teachers’ opinions about their first
engineering TPD. Diverse themes were generated in response to each open-ended question and
discussed by research question as follows.



A. Important Things that Teachers Learned from the Engineering TPD

As the Summer Academy was their first engineering TPD, more than half of teachers prioritized
learning about the new subject-matter and pedagogical content knowledge, which is the EDP and
knowledge about engineering and technology, respectively. Then, they valued application of
their learning to instruction, which includes effective ways to integrate engineering into other
subject areas and various teaching strategies to teach their students effectively. As teamwork is
one of essential skills to do engineering®, teachers recognized that building teamwork is
important for their students as one of personal and professional skills to be developed for their
successful learning of engineering. For example, one teacher stated:

“The MOST important thing | learned was how critical it is to teach kids to work as a
team. Over the years of teaching and attending inservices and staff developments, I've
heard over and over how important cooperative learning is for kids. It was good to here
that, to SEE that, and to FEEL that as | worked in groups with my colleagues. We HAVE
to have structured independent work time in our classroom, but we also need to provide
time for the Kids to practice being social and working through problems together.”

Teachers also appreciated specific engineering activities and lesson plans, such as MEAs and
EiE, that they can directly adopt in class.

B. Meaningful Aspects of the Engineering TPD for Teachers

As Garet et al. (2001) identified that providing opportunities for active learning is one feature of
effective TPD activities, the data from teachers’ responses on the meaningful aspects of the
engineering TPD revealed that most of the themes relate to active learning experiences except a
few themes. For example, 23.6 % of teachers mentioned Application to Classroom, which is the
second most meaningful aspect, as a practical aspect in teaching: what they learned from the
Summer Academy can be easily applicable for their classroom instruction as shown in the two
quotes below.

“The fact that this can be applied to so much that goes on in our classrooms/across the
curriculum makes it so meaningful!”
“I can immediately take what I have learned back to my classroom and use it.”

Other than that, most of themes indicate that teachers perceived that teacher-centered learning
opportunities were meaningful. For example, hands-on approaches were the most addressed by
the half of participated teachers (50.9%). One teacher stated:

“We were able to do the engineering activities, all hands-on. We didn't just sit and listen
to the instructor. We were allowed to explore and solve problems within our groups.”

Teachers also mentioned how well instructors and staff of the Summer Academy were prepared,
encouraging, and interactive with teachers, as such:



“The people who taught the classes knew what they were talking about and was loved
what they did, and it showed.”

“Our instructor assisted us with the experiments, and made it very easy for us to
understand the way we are supposed to perform them with our students.”
“The instructors continued asking how was it going to look in our classroom.”

For other themes, teachers reported interactive learning environment, such as opportunities to
interact with peer teachers, teach real students, and meet real engineers:

“[We] were able to bounce ideas off of each other for how to implement activities next
year,”

“Getting to work with students today allowed me to get immediate feedback about how
these ideas would work with children without having to wait until school started.”

“... interact and learn from actual engineers in a nonthreatening environment where |
felt comfortable asking questions and taking learning risks.”

C. Teacher Motivation

The survey data also provided information about how teachers were motivated to learn
engineering. More than half of teachers were either intrinsically (53.7%) or extrinsically (54.0%)
motivated because some (17.2%) were both intrinsically and extrinsically motivated. On one
hand, teachers expressed that they were interested in engineering, enjoyed a lot of hands-on
activities, and leaning was fun:

“I really enjoyed all the lessons and the meaningful discussions and insights during this
Academy. The EIE and MEA's were very eye opening.”

On the other hand, teachers were extrinsically motivated to attend the Summer Academy with a
specific goal that they wanted to improve their instruction or help their students become more
successful in learning:

“I was motivated to learn because I want to take this information and implement it in my
classroom.”

“I had a need to learn more on how to implement science and technology in my lessons. ”
“As an educator | am always looking to learn new techniques that can be incorporate
into the curriculum. | know that engineering is a major component to helping the students
build problem solving and team work skills. ”

Some teachers mentioned that peer teachers, instructors, or real engineers inspired them to learn
engineering.

“I was more motivated in this academy because | was with my team mates during the
training.”

“Most instructors encouraged us to think like and explore like students. ”

“Meeting with the engineers made me more motivated to inspire my students and other
children about the filed [field] of engineering”



Responses from less than 10% of teachers were coded as none because of various reasons. Some
teachers’ responses were irrelevant to the question. For other reasons, teachers complained the
intensity, schedules, organization, and instructors of the program, which were contradictory to
other teachers’ responses:

“Lack of Flexibility! Schedule was way too intense with no time to process before the
next topic was introduced [introduced]!”

D. Teachers’ Plans for Classroom Instruction

As Majority of teachers (69.3%) indicated that leaning about the EDP is one of the most
important learning from the engineering TPD, 42.9 % of teachers planned to teach the EPD in
class. Similarly, a lot of teachers wanted to introduce various forms of engineering into the
classroom: integrating engineering into different subjects (33.7 %), fundamental knowledge
about engineering and technology (22.3%), and engineering activities (15.6%):

“I will definitely begin using engineering lessons in my classroom. | think that the
engineering design process will be a great help to my students, and | am looking forward
to teaching my students how to use their own creativity to come up with solutions to
problems.”

“I love the extension of science inquiry into the design process. Wow. That was a major
revelation. | will be on the lookout for more and more design opportunities. ”

Interestingly, more teachers (6.0%) directly addressed that they would like teach MEAs than
teachers who just mentioned EiE (1.8%).

“I really was impressed with the MEA activies[activities] because it really should me
how to challenge my students to a higher level rather than try to spoon feed the
information to them.”

Further examination revealed that more National group teachers than On-site group teachers
expressed implementation of EiE, even though all On-site group teachers were expected to
deliver EiE in class. This might be because of the broad coverage of and high commitment to
EiE units that embrace the EDP, knowledge about engineering and technology, and engineering
activities. Thus, as the engineering TPD was their first exposure of engineering contents,
teachers might feel more confident in planning smaller instruction than the whole EIiE unit.

Overall, the survey data suggests that teachers would like to teach engineering and technology
and integrate engineering activities into their classroom instruction. Teachers’ responses also
indicated that they will motivate their students to learn about engineering and develop students’
thinking skills and problem solving abilities through engineering activities.

As Garet et al. (2001)” identified the features of effective TPD, we could also recognize similar
features in teachers’ responses toward the engineering TPD of the Summer Academy. As the
engineering TPD provided active learning environment, teachers were engaged in learning



engineering through various forms of hands-on engineering activities, and liked the opportunities
to interact with peer teachers, instructors, real engineers, and real students. They also appreciated
what the engineering TPD offered, such as innovative ideas and teaching strategies that they can

directly adopt and use to integrate engineering into different subject areas.

In addition, the results of this study demonstrated that the cultural barriers of TPD
implementation® *° are not the factors that influenced the teachers. Most teachers were satisfied
with the engineering TPD and motivated to learn more about engineering. They were also eager
to learn how to teach and implement engineering for their students. This implies that teachers’
attitudes and beliefs toward engineering TPD were very positive and they became confident to
teach engineering as an outcome of the Summer Academy, as such:

“The academy has alleviated my reluctance to teach engineering.”

While the results of this study are based on teachers’ responses to their first professional
development in engineering, we could identify what teachers think the most important to learn
from the engineering TPD, which aspects of the engineering TPD were meaningful for teachers,
how they were motivated to learn, and how they plan to instruct engineering from teachers’ point
of view.

E. Limitation of the Study and Direction for Future Studies

This study utilized the data with a large sample size (N = 302). Thus, the data of this study bring
more power to generalize the results as compared to the data with a small sample size. However,
we acknowledge several limitations of this study because we utilized the self-reported survey to
examine the effect of the engineering TPD on K-8 teacher. First, a potential bias exists in the
responses. For example, even though on average 94.0% of respondents answered the four open-
ended questions, there might be a non-response bias because answers of non-respondents might
differ from the ones of respondents®’. Second, there is a possibility that the data may not fully
represent opinions from the participated teachers because respondents might not sufficiently
respond to the survey questions. Third, since the survey was anonymous, we could not identify
factors that might be related to certain responses. Thus, future research is needed to make
comparisons by examining the responses of different subgroups in the sample, such as gender
and teaching grade level of teachers. Fourth, even though we expected to see the changes in
teacher practice and curriculum as an effect of the engineering TPD, what teachers responded to
the survey does not guarantee what teachers do in the classroom. Thus, future studies which
include observation of teachers during their classroom instructions are needed to be done, so that
we cgg get a clear picture of connections between what teachers say and what teachers do in
class™.

F. Significance of the Study

Overall, this study systematically examines teachers’ attitudes and perceptions towards the
engineering TPD and begins to bridge the gap in the lack of research regarding engineering TPD.
By utilizing the survey data, we attempted to evaluate the effects of the engineering TPD on
teachers from all aspects. Particularly, it is important to use teacher responses to assess



engineering TPD in several ways. First, it discloses potential barriers that teachers might face
when implementing engineering into their classrooms'® ™. Second, it reveals the effect of the
engineering TPD on teachers from the teachers’ point of view. Third, it also provides guidance
for TPD designers to improve the effectiveness of TPD in the future.
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