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The Impact of Professional Development on Integrating Engineering into
Science and Mathematics Classroom
Introduction
In the executive report to President Barack Obama, Prepare and Inspire: K-12 education in
Science, Technology, Engineering, and Math (STEM) Education for America’s Future1, the
President’s Council of Advisors on Science and Technology stated that the education system in
the U.S. must prepare students to have a strong foundation in science, technology, engineering
and mathematics (STEM). The report concluded that the progress and prosperity of the United
States in the future will be dependent on the quality of K-12 STEM education. The
congressionally request report, Rising above the Gathering Storm2 also called for a
comprehensive, coordinated federal effort to ensure more students join STEM fields and
recommends training more qualified teachers to teach STEM education in K-12. The report
firmly claimed in order to improve STEM education in K-12, schools need to recruit and
maintain qualified teachers in STEM field.
Today, STEM integration is a nationwide movement. Educators are mobilizing at the
national and state level to meet the call to increase students’ interest and achievement in STEM
fields. Many states, such as Minnesota, Texas, Oregon, and Massachusetts, support the STEM
education movement by legislated efforts through the addition of engineering standards to the
existing science standards3-4. These reform documents stress the nexus among science,
mathematics, engineering and technology for STEM integration.
In many aspects, engineering has been considered as a bridge to connect STEM subjects
together. For example, by providing a gateway turning the abstract science and mathematics
concepts into concrete real-life applications5-6, potentially engineering can act as a catalyst to
improve student learning and achievement in science and mathematics6-9. On the other hand,
building an engineering project can also serve as a pedagogical strategy where to combine
problem solving, creative thinking and presentation skills in other STEM subject as well5-6, 9-11.
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Although integrating engineering into science and mathematics teaching and learning has
many advantages, engineering rarely receives attention in K-12 classrooms. Many research
suggested that the majority of K-12 science and mathematics teachers lack knowledge and
experience of engineering, and how to utilize engineering to connect other STEM subjects12-13.
Therefore, science and mathematics teachers have many difficulties in implementing curriculum
that call for the infusion of engineering concepts into their teaching. This may impede the

pursuing goal of STEM literacy in K-12 schools in the U.S. Therefore, a call for quality
professional development programs to teach more in-depth knowledge of engineering and how to
integrate engineering into science, mathematics and technology is in an urgent need. In order to
address the need for science and mathematics teachers and better understand how teachers
integrate engineering into their teaching, it is important for educators and researchers to
understand teachers’ perceptions of engineering and their attitudes toward integrating
engineering into their teaching. This paper explores these two aspects in order to provide an
overall view of what role engineering plays in K-12 science and mathematics classrooms.
Research Question
The purpose of this research is to explore teachers’ understanding of engineering design and
the impact on secondary science and mathematics teachers’ attitudes toward integrating
engineering into their teaching after a year-long professional development program. The
questions that guide this research are as follow:
1) What are science and mathematics teachers’ attitudes of integrating engineering into their
teaching after a year long professional development program?
2) What are science and mathematics teachers’ understandings of engineering design after a
year long professional development program?
Literature Review
Engineering in K-12
Engineering education in K-12 schools is in its early development. The report, Engineering
in K-12 Education, recently released by the National Academy of Engineering and National
Research Council6 provided a very insightful view of engineering education in K-12. The report
claimed three principles for K-12 engineering education. First, it believed K-12 engineering
education should emphasize engineering design. Second, K-12 engineering should incorporate
important science, mathematics, and technology concepts and skills. Finally, K-12 engineering
should align with 1) systems thinking, 2) creativity, 3) optimism, 4) collaboration, 5)
communication, and 6) attention to ethical considerations to promote engineering “habits of mind”
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(pp. 4-6). In summary, the report concluded there is no widespread agreement on what should be
taught in K-12 engineering. However, it pointed out that one of the key ideas of engineering that
needs to be emphasized in K-12 classrooms is engineering design, which relates to data analysis,
constraints, modeling, optimization, trade-offs, and systems. Based on the report, which
reviewed the 34 engineering programs, engineering was embedded and interwoven in science,
math, and technology.

On the other hand, many research studies suggested that building an engineering project for
K-12 requires an interdisciplinary approach, such as knowledge from science, mathematics, and
technology9, 14-15, and also skills related to problem solving, creative thinking and
communication5-6, 10-11. The existing research studies also suggest integrating engineering into
science and mathematics classrooms may benefit students’ learning in science and mathematics6,
16
. Therefore, giving the importance of teaching engineering in K-12, such as to increase students’
awareness of engineering as a career path, and to bridge science, mathematics, technology and
other enabling subjects, it is imperative that K-12 students be given opportunities to practice
engineering in their formal education.
Engineering Design
The report, Engineering in K-12 Education6 suggested the first principle to teach
engineering in K-12 is engineering design. Engineering design is the process that engineers use
to solve engineering problems and to develop products. It also encapsulates the essence of the
engineering profession. The report of the Task Force on Engineering Analysis and Design17
stated, “a problem in design leaves wide latitude for the play of creative imagination and the
exercise of judgment in the search for solution.” Peterson18 suggested engineering design is
“almost invariably multidisciplinary” (p.531) According to the 2011-2012 Criteria for
Accrediting Engineering Programs19, ABET states that engineering design “ is the process of
devising a system, component, or process to meet desired needs. It is a decision-making process
(often iterative), in which the basic sciences, mathematics, and the engineering science are
applied to convert resources optimally to meet these stated needs” (p.4). Overall, engineering
design has been treated as a pedagogical strategy to bridge science and mathematics concepts in
use of solving ill-defined (open-ended) problems, developing creative thinking, formulating
solutions and making decisions, and considering alternative solutions to meet a variety of
constrains.
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A college student, whose major is engineering, spends a good portion of his/her four-year
degree learning the ins-and-outs of engineering design. Therefore, in order to adapt engineering
design into K-12 sittings, engineering design needs to be simplified to fit the purpose for
different programs in K-12. For example, the Engineering is Elementary (EiE) curricula by
Museum of Science - Boston, which focuses on elementary student learning, feature lessons and
learning activities by a simple five step engineering design cycle: ask, imagine, plan, create, and
improve20. Throughout the STEM integration professional development program, the teachers
were introduced to multiple models of the engineering design process. We introduced the EiE
design process as well as adapted the engineering design cycle from the Power of the Wind: How

can we think like an engineer21 by the University of Illinois. This engineering design cycle had
eight steps: (1) what is the challenge? (2) How have others solved this?, (3) Brainstorm possible
solution: What are the design criteria and constrains?, (4) Which of the possible solutions do you
choose? (5) Build prototype, (6) How does it work? Try it and test again, (7) how do you learn
from the design of others? and (8) How can you use your new ideas to improve your design? We
also used an extremely simple version: express, test, revise22. In the final day of training,
teachers were provided instruction using the design cycle presented in the Save the Penguins23
curricula, which is an Engineering Teaching Kit. Despite the fact that engineering design has
many variations of models, all versions have similar processes, which include cycling between
identify the problem, creative thought, analysis, and decision making.
Teachers’ beliefs and attitudes of Teaching Engineering
Previous studies argue that teachers’ attitudes and beliefs influence teachers’ classroom
practices in mathematics and science24-27. Teachers often fail to develop or implement new
curriculum about teaching and learning because of their beliefs that the current educational
environments are effective and efficient based on their limited experiences28. Teachers’ beliefs
stem from their own experiences and their educational environments29. So, teachers need to have
positive attitudes or beliefs about new teaching approaches in order to succeed with the
classroom practices. They also need to have various positive experiences to change their current
beliefs about teaching that prevent from developing the new teaching approaches. Levitt25 and
Clark & Peterson30 argued that teachers’ beliefs could be strengthened and changed with more
experience gained by successful classroom practice or with opportunities for the development of
their philosophic beliefs underlying practice. Teachers’ beliefs also influence their expectation
that they can effectively help student’s learn31-32. Previous research has provided a strong
relationship between teachers’ beliefs and students’ work habits and academic success33-34.
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However specific to how teachers’ beliefs or attitude influence engineering integration
into their teaching, research is limited. Some researchers provided evidence that teachers’ beliefs,
attitudes and expectations toward engineering education relate to teacher’s decision-making
regarding their instruction practices, such as integrating engineering contexts or contents into
teaching science and mathematics35. Douglas, Iversen and Kalyandurg15 conducted a survey
study that particularly sought to understand what teachers think of engineering as an academic
and career pathway for their students. In the 522 total responses from K-12 teachers to the online
survey, the study found teachers believed teaching engineering can be a way to help teach
students about business and history. However, there was no evidence in the study to support
whether or not teaching engineering can help teach any subject other than business and history.

Although, teachers, who teach science or mathematics, believed that science, mathematics, and
engineering are related in a very natural way36, and engineering education can provide many
benefits to students15, they also believe that engineering is not accessible for a large number of
their students, particularly women and minorities15.
Method
Science, Technology, Engineering and Mathematics integration professional development
program (STEM PD) was a five day training that was spread throughout the 2009-2010 school
year, with four Professional Learning Community (PLC) sessions between each training day.
The participants in the STEM PD were middle and high school mathematics and science teachers.
Overall goal for the STEM PD was to provide engineering, science, and technology as contexts
to establish a repertoire of developed questioning techniques to help guide student learning in
science and mathematics and developing teachers’ deeper understanding of the subjects they
teach, with a focus on STEM integration. The data collection of the STEM PD involved both
formative and summative data collection. The summative data collection focused on measuring
teachers’ knowledge of the process of science and engineering content. The summative data
collection included pre and post teachers’ self-efficacy of teaching science/mathematics within
engineering context survey, and engineering design cycle survey. The formative data consists of
STEM lesson plans from teachers who were highly interested in implement STEM integration in
their teaching. More information about each of the elements of the methods is described in detail
below.

understanding of the subjects they teach and to explore mechanisms for integration across the
STEM disciplines. The professional development program was a five-day training that was
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STEM Professional Development Program
In 2009, the Minnesota Department of Education funded several professional development
programs for teachers to learn about STEM integration. This research was conducted in one of
those STEM integration professional development programs. The Secondary STEM integration
teacher-training module was a professional development program that provided a STEM
integration experience for STEM teachers in grades 6-12. Primarily filled with science and
mathematics teachers, the program sought to help science and mathematics teachers to become
familiar with the new Minnesota science standards and to encourage the integration of
engineering into their science and mathematics teaching. The training provided instructional
strategies to aid secondary school teachers in implementing STEM contexts into their classrooms
and to increase their understanding of the connection between the areas of STEM. The overall
goal of the STEM integration professional development program was to develop teachers’ deeper

spread throughout the 2009-2010 academic year, with Professional Learning Community (PLC)
sessions between each training day. The training topics included (1) exploring engineering as a
discipline and the engineering design cycle, (2) exploring mathematical connections to
engineering design cycles lessons, (3) exploring mathematical thinking through Model-Eliciting
Activities22, (4) technology integration to enhance learning of science, engineering and
mathematics, and (5) orchestrating student discussions around STEM concepts. Engineering
concepts were focused on the first and second day of training. The facilitators used hands-on
activities to connect engineering with science, mathematics and technology. The hands-on
learning experience also provided great STEM integration examples that could be used by
teachers in their classrooms.
Participants
The participants were secondary science and mathematics teachers. A majority of these
teachers taught in urban or suburban public schools. To most of the participants, STEM PD was
their first STEM integration professional training program. In total ten schools and seventy-four
teachers participated in the program. However, due to various reasons, such as some teachers did
not stay the entire training, the pre and post tests for the teachers’ self-efficacy of teaching
science/mathematics within engineering context survey and engineering design cycle had
different number of participants in this study. A total of twenty-eight mathematics teachers and
twenty-four science teachers completed both the pre and post test of the Teachers’ self-efficacy
of teaching science/mathematics within engineering context Survey. On the other hand,
twenty-nine mathematics teachers and twenty-six science teachers completed the Engineering
design cycle survey pre and post test.
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Data Collection
Teachers’ self-efficacy of teaching science/mathematics within engineering context Survey
The teachers’ self-efficacy of teaching science/mathematics within engineering context is a
Likert-scale survey with the responses strongly disagree, disagree, sometimes agree/sometimes
disagree, agree, and strongly agree). The original survey had 25 items that intended to explore
teachers’ self-efficacy of teaching science/mathematics and underlying perceptions of STEM
activities impacted their teaching and student learning. There was a section focused on the value
of integrating engineering into science/mathematics. This section included nine items. The
purpose of the questions was to investigate teachers’ attitude of the integration of engineering
into their teaching. Two out of nine survey items were reverse items. However, those two reverse
items had typos in them, and the typos caused confusion to participants. Therefore, the two
reverse items were dropped from the study. In the end, seven items were analyzed in this study

(Table 1). The coding for the five scales’ rating were 1= strongly disagree, 2=disagree,
3=sometimes agree/sometimes disagree, 4= agree, and 5=strongly agree. Each teacher participant
was asked to complete the survey during the first day and the last day of the program.
Table 1. The Survey Items of the Teachers’ Self-Efficacy of Teaching Science/Mathematics
within Engineering Context Survey
Survey items
1. I am comfortable with integrating engineering contexts into my science/mathematics teaching.
2. Integrating engineering helps me teach science/mathematics in a more effective way
3. Integrating engineering helps me to connect science/mathematics to the real-world.
4. Integrating engineering helps me adopt more problem-solving into my teaching.
5. Integrating engineering promotes students’ learning and interest in science/mathematics.
6. Integrating engineering makes learning in science/mathematics easier for students who find
science/mathematics difficult.
7. I will integrate engineering in my future science/mathematics teaching.
	
  
Engineering design cycle survey
The engineering design cycle survey was a survey that included an open-ended question.
The question was “please describe in words or a diagram the process that engineers use to solve
problems.” The question intended to elicit participants’ understanding of what engineering
design cycle is. Each teacher participant was asked to complete the survey during the first day
and the last day of the program.
STEM lesson plan
Four Professional Learning Community (PLC) sessions were conducted in between each
training day. The PLC activities were highly structured and closely tied to the training days. The
PLC session provided an environment to meet together and reflect on what they learned during
the training sessions, and to share/learn to implement ideas from the training into their
classrooms. Each PLC session required that teachers handed in some documents to the
research/teaching team, such as lesson plans and samples of students’ artifacts and homework to

Data analysis
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share their ideas and reflections about STEM integration with other teachers. The second PLC
documents particularly focused on integrating engineering into science or mathematics teaching.
Therefore, we provide some examples of teachers’ lesson plans and reflections in this study.

The paired sample t-test is a statistical technique that used to compare two population
means in the case of two samples that are correlated. Generally, it used when measurements are
taken from the same subject before and after the treatments37. Therefore, to compare the impact
of the STEM PD, the paired samples t-test were conducted to analyze the pre and post surveys,
teachers’ self-efficacy of teaching science/mathematics within engineering context.
On the other hand, in order to standardize the answers of the open-ended question in the
Engineering design cycle survey, a coding framework was used to analyze the answers. Three
categories were developed in the coding frame, novice, intermediate, and advanced level (Table
2). After acquiring each survey’s standardized score by using the coding framework, the paired
sample t-test was conducted to analyze the pre and post test of the engineering design cycle
survey.
	
  
Table 2. The Coding Framework for the Engineering Design Cycle Survey
Score 0

Novice levels (Score 1)

Intermediate levels (Score 2)

Advanced levels (Score 3)

No

The answer included engineering

The answer included each main

1. The answer included

responses

design cycle, but was incomplete.

step of engineering design

each main steps of

or the

The main steps should be included

cycle (or ideas that were

engineering design process.

answers

in the answer (or ideas that were

similar): 1) define the problem,

2. The answer

were

similar) were as follows: 1) define

2) gather pertinent information,

demonstrated the concept

incorrect.

the problem, 2) gather pertinent

3) generate multiple solutions,

that engineering design

information, 3) generate multiple

4) analyze and select a solution,

cycle is a loop.

solutions, 4) analyze and select a

5) test and implement the

3. The answer

solution, 5) test and implement the

solution, 6) re-design/modify

demonstrated concepts of

solution, 6) re-design/modify

products/process.

trade off and constraint

products/process.

situations in an engineering
design process.

Results
In the teachers’ self-efficacy of teaching science/mathematics within engineering context
survey, besides the first item in the pre-test, math teachers tend to have positive attitudes toward
integrating engineering into their teaching in both pre and post test for most of the survey items
(M ≧3.5). This particularly showed in the survey item 3, 4, and 7(M >4) (Figure 1).
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Figure 1. Math Teachers’ Mean of Agreement or Disagreement for Each Item (1=strongly
disagree, 2=disagree, 3=sometimes agree/sometimes disagree, 4=agree, and 5= strongly agree).
As for science teachers, overall they tend to have positive attitudes toward integrating
engineering into their teaching in both pre and post test for all the survey items (M ≧3.5). This

Level	
  of	
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particularly showed in the survey item 2, 3, 4, 5 and 7(M >4) (Figure 2).
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  within	
  
engineering	
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Figure 2. Science Teachers’ Mean of Agreement or Disagreement for Each Item (1=strongly
disagree, 2=disagree, 3=sometimes agree/sometimes disagree, 4=agree, and 5= strongly agree).
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In the paired sample T-test analysis, one item showed significantly different in math
teachers. The item was “Integrating engineering helps me teach science/mathematics in a more

effective way” (Pre-test: M=4, SD=.39, Post-test: M=3.68, SD=.55, t (27) = 2.78, p=.01) (Table
3). This suggested that before the STEM PD, math teachers agreed that integrating engineering
could help them teach in a more effective way, but they were not sure about this after the STEM
PD.
Table 3. Math Teachers’ Summary Result of Paired Sample Test for the teachers’ self-efficacy of
teaching science/mathematics within engineering context survey (N=28). (* P < 0.05)
Survey Items
I am comfortable with integrating
engineering contexts into my
science/mathematics teaching.
Integrating engineering helps me teach
science/mathematics in a more effective way
Integrating engineering helps me to connect
science/mathematics to the real-world.
Integrating engineering helps me adopt more
problem-solving into my teaching.
Integrating engineering promotes students’
learning and interest in science/mathematics.
Integrating engineering makes learning in
science/mathematics easier for students who
find science/mathematics difficult.
I will integrate engineering in my future
science/mathematics teaching.

Mean
Pre Post
3.39 3.68

SD
Pre Post
.99 .86

t

p

-1.28

.21

4.00

3.68

.39

.55

2.78

.01*

4.32

4.29

.55

.66

.33

.745

4.32

4.25

.48

.59

.49

.63

4.04

3.93

.51

.54

.77

.45

3.50

3.54

.96

.77

-2.54

.80

4.07

4.14

.54

.55

-.57

.57
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As for science teachers, one item showed significantly different in pre and post test. The
item was “integrating engineering makes learning in science/mathematics easier for students who
find science/mathematics difficult” (Pre-test: M=3.5, SD=.89, Post-test: M=3.96, SD=.75, t (23)
= -2.41, p=.024) (Table 4). This indicated that science teachers increased their agreement about
integrating engineering helping their students who find science difficult after going through the
STEM PD.

Table 4. Science Teachers’ Summary Result of Paired Sample Test for the teachers’ self-efficacy
of teaching science/mathematics within engineering context survey (N=24) (* P < 0.05)
Survey Items
I am comfortable with integrating
engineering contexts into my
science/mathematics teaching.
Integrating engineering helps me teach
science/mathematics in a more effective way
Integrating engineering helps me to connect
science/mathematics to the real-world.
Integrating engineering helps me adopt more
problem-solving into my teaching.
Integrating engineering promotes students’
learning and interest in science/mathematics.
Integrating engineering makes learning in
science/mathematics easier for students who
find science/mathematics difficult.
I will integrate engineering in my future
science/mathematics teaching.

Mean
SD
Pre Post Pre Post
3.63 3.96 1.01 .81

t

p

-1.78

.09

4.17

4.04

.64

.86

.83

.42

4.46

4.29

.59

.62

1.28

.21

4.33

4.04

.76

.91

1.66

.11

4.21

4.17

.51

.76

3.27

.77

3.50

3.96

.86

.75

-2.41

.02*

4.29

4.21

.62

.78

.81

.43

As for the Engineering design cycle survey, both mathematics (Pre-test: M=1.34, SD=.55,
Post-test: M=2.21, SD=.49, t(28)=-7.99, p<.001) and science teachers (Pre-test: M=1.62, SD=.57,
Post-test: M=2.04, SD=.66, t(25)=-3.10, p=.005) showed significant differences in the pre and
post tests. This suggested teachers’ understanding of the engineering design process increased
from the novice level, which could not complete the engineering design process, to intermediate
level, which had a complete engineering design process, after the STEM PD. For example, in the
pre-test, most teachers could not complete their engineering design process, because the answers
that they gave showed no iteration in the manner in which engineers designed. However, in the
post-test, most of their answer showed that they had the completed all the basic processes in
engineering.
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STEM Integration Units and Reflections
Below are descriptions for three examples of STEM integration lesson plans. The first
example, packaging engineering, was a collaborative lesson that was implemented by a six grade

science and a six grade mathematics teachers. In this lesson unit, the science teacher, Kathy,
designed the overall unit plan. The length of her part of the lesson plan was 7 days. Kathy was
responsible for teaching science and engineering concepts. The mathematics teacher, Nate, was
responsible for teaching mathematics concepts. Nate focused on geometric shapes. His part of
the unit was one day long. The major focuses for their lesson plan were: 1) problem solving and
inquiry-based teaching, 2) geometric shapes, and 3) engineering design cycle. The engineering
challenge in this lesson had students designing an object, such as a box or a bag, to ship stained
glass windows to Europe. In Kathy’s reflection, she said that her students were struggle looking
for information on the internet, but it was fun to see students come up with new, creative ideas
and see how students were excited to actually create the box that they wanted. However, the
lesson went longer than what Kathy had planned, because students needed more time to
complete the project. As for Nick, he was please to know that his students enjoyed the
mathematics challenge from a real world problem and students had a sense of autonomy.
The second example, Kite Design, was created by a high school mathematics teacher, Dian.
The length of the lesson plan was 7 days and plus a field trip to a historical kite museum. The
major focuses of this lesson unit were: 1) scale drawing, 1) coordinate proof of the two different
quadrilaterals, 3) history of kits, and 4) the engineering design cycle. The engineering challenge
in this lesson had students designing and building a functional kite by using two special
quadrilaterals. In her reflection, Dian believed her kids had fun and enjoyed the idea of creating
something, and they really loved the idea that they could test their design. However, to her, the
lesson took more time than what she had planned, because students needed more time to come
up with their own ideas.
The third example, thermal container for an ice cube, was a four days lesson plan. This
lesson plan was done by Mary, a six grade science teacher. The focuses for her lesson plan were:
1) engineering design cycle, 2) heat transfer, and 3) testing/evaluation and reflection. The
engineering challenge in this lesson was students will design a thermal container for keeping an
ice cube from melting for a maximum time period. In her reflection, Mary would like to improve
her lesson plan to fit into biology more. She also loved to see how her students were really
engaged during the lesson.
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Conclusions and Implications
Overall, both science and math teachers had positive attitudes toward integrating
engineering into their teaching, even before the STEM PD. However, when comparing science
and mathematics teachers, our finding suggests that science teachers have more positive attitudes

toward integrating engineering into their teaching. One of the interesting findings was that math
teachers agree in the pre-test that integrating engineering makes their teaching more effective.
However, in the post-test, their attitudes changed to somewhat agree or disagree. The lesson plan
reflections provided possible explanations for this phenomenon. When integrating engineering
into science or mathematics, the lesson plan become more student-centered then traditional
science or mathematics lesson plans. Students take the lead to design, to plan, and to analyze
their work. Students need more time to complete a project or a task in a classroom. Therefore,
“an effective way to teach science and mathematics” to teachers may mean a lesson plan that
requires less time to implement in their regular class schedule. So for some of the teachers in our
study, integrating engineering into science or mathematic may not provide an effective way to
teach science or mathematics.
Although in this study, our survey did not show both science and math teachers had
changed their self-efficacy of teaching science/mathematics within engineering context after the
training program. For several questions, the mean post-test was even lower than mean pre-test.
One possible explanation of this is that teachers realized the complexity of engineering. In the
beginning of the PD, the teachers viewed engineering as a context, but throughout the training,
they learned about how to use engineering design as a means for inquiry. This shift to
student-centered teaching caused teachers to initially lower their efficacy around integrating
engineering. However, during the course of the PD, the teachers were required to implement
engineering design in their classrooms and their comfort level increased. Future studies of our
overall data set will explore this phenomena further.
In many aspects the STEM PD had positive impact on both science and mathematics
teachers, such as teachers’ understanding of the engineering design process and implementing it
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in their teaching. After the STEM PD, both science and mathematics teachers improved their
understanding of the engineering design cycle. Other data collected from this PD project shows
that the teachers developed more concrete ideas about the Engineering Design Cycle as a
problem solving process in engineering contexts throughout the program 38 Teachers also
realized that engineering is not only an interdisciplinary subject, which is connected with other
disciplines such as types of engineering (i.e. mechanical engineering, electrical engineering, etc.)
and subjects (i.e., science, math, and technology), but also engineering (design process) is related
to the cognitive processes of problem solving 38. The PLC documents show that the engineering
design cycle was one of the main focuses to integrate engineering into both science and
mathematics classes after the training. Therefore, STEM PD helped teachers see the connection
of how to use engineering design cycle in their teaching.

Finally, science teachers agree that integrating engineering made learning in science easier
for students who find science difficult. In the PLC documents, teachers suggested that integrating
engineering highly engages students. Students enjoyed the design aspects of the lesson plan and
also loved testing their own ideas. Fredrickson’s “broaden-and-build” theory 39-40 asserts that
positive emotions not only build people’s momentary experiences in social and physical behavior,
but also support intellectual, cognitive and artistic behavior. Therefore, we assumed that high
level of engagement could be the key that made teachers believe students who struggle to learn
science could do better in their learning by integrating engineering into science. From teachers’
feedback, we also learned that teachers considered some of the disadvantages of integrating
engineering into their classroom, such as the need for more time to teach a lesson or unit. Given
the findings of our study, we suggest there is a need for more research studies on implementation
of engineering in the mathematics and science classroom to understand what is needed for
success.
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