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Implementation of the Engineering Design Process
Abstract


This action research project was designed to implement the engineering design process into the classroom to improve students’ interest in science.  Prior to implementing the engineering design process students of Webb Elementary had limited hands on experiment which consisted of follow directions and making observations. Pre and Post Assessment exams were given all participates, as well as surveys to participate and 6 teachers. The experimental group was given three engineering design challenges, whereby they had to work through each step of the Engineering Design Process.  
Implementation of the Engineering Design Process
Problem Statement

The problem is that students there are less students performing on or above grade level in math and science in comparison to other countries. Many students have gone through the school system disliking science because of its lack of getting students involved with different learning strategies. By incorporating engineering in science, I hope to strengthen their understanding of science. The engineering design process will increase engineering awareness and promote 21st century skills by (1) encouraging students to share their initial ideas about the problem, (2) examine these ideas in light of new information and activities introduced by their peers, (3) create prototypes, (4) improve designs, (5) retest designs, and (6) understand the role of an engineer.
Implementation of the Engineering Design Process
Purpose of Study

The purpose of this study is to identify any changes on interest and understanding in science after implementing an engineering project. The engineering design process will be implemented into the science curriculum. This is a five step process: ask, imagine, plan, create, and improve. The goal of this activity is to improve the students’ interest in science and related fields. By incorporating engineering in science, I hope the students’ interest and understanding in science grows. The study consists of two groups of participants: experimental group and comparison group.  The fifth grade inclusion class will be the experimental group. The classes consist of a diverse group of students which are at different academic levels.

Implementation of the Engineering Design Process
Description of Community

The chosen school is in a community in the northeastern United States.  The areas in the community are complied of a diverse population including various ethnicities, nationalities and family types.  It is a growing community.  Businesses and commerce are increasingly causing a shift in the socioeconomic classes found in the city. The school district is growing along with the growth occurring in the city.


The school district is composed of 26 elementary schools, 5 middle schools, six high schools, two adult education schools, and one New Jersey Regional Day School (Jersey City Board of Education, 2009). The student population is approximately 28,219 students (Jersey City Board of Education, 2009). The total number certified staff that includes administration and teacher is 3,629 (Jersey City Board of Education, 2009).


The school district is focused on providing quality education. The district’s mission is to ensure that educational programs and services are of the highest quality and equal in all schools and to all students, (New Jersey Department of Education, 2009a). The district has partnered with administrators, instructional and non-instructional staff members, parents, and community to provide an education rich in tradition and directed toward the future (New Jersey Department of Education, 2009a). “All Pre-K through 12 programs for students are developed and implemented in accordance with the required federal and state mandates (New Jersey Department of Education, 2009a).”

The school district provides all students regardless of ability on education. “The district prides itself in begin an Inclusive School District (New Jersey Department of Education, 2009a)” The Special Education Department is dedicated in creating all inclusive schools, which provides 
Programs and services that promote the success of all students (New Jersey Department of Education, 2009a). The department enhances the pedagogical skills teachers and paraprofessionals through extensive programs and workshops (New Jersey Department of education, 2009a).
Description of Work Setting


The research project took place in one of the 26 elementary schools located in the urban community.  The current population of students is approximately 579 students, ranging from Pre-K through 5th grade (New Jersey Department of Education, 2009b). The languages spoken by the students and their families are 50.6% English, 37.8% Spanish, and 2.6% Other (New Jersey Department of Education, 2009b).

There is 16.6% of the student population with disabilities (New Jersey Department of Education, 2009b). The school is currently in year four of “In Need of Improvement” (New Jersey Department of Education, 2009b). Out of the total staff, this includes administrators and teachers, 59.7% hold BA/BS degree, 38.9% hold a MA/MS degree and 1.4% holds a PhD/EdD (New Jersey Department of Education, 2009b).


The school is an inclusive school along with providing other special education services such as classes for children with autism along with severe learning disabilities, mental retardation and physical disabilities. The school has been an inclusion school for more than 5 years. Each grade level also has an inclusion class allowed to have a maximum amount of eight inclusion students per inclusion teacher. A second inclusion class is created if the need is present. The school provides support by providing workshops and push-in assistance from supervisors 
and experienced professionals, which includes the inclusion specialist. The specialist is assigned to the school to help provide the inclusion and regular education teacher with support in all areas, lesson planning, classroom management and working with parents. 


For the past 3 years, the school has incorporated cooperative learning strategies throughout the entire school. Administrators along with teachers and paraprofessionals have participated in numerous workshops and have been provided with training and support on the strategies daily.

Writer’s Role

The writer holds a M.A. in Special Education for students K-12. The writer has been teaching for 8 years; 3 years in high school and 5 years with the present school.  The writer’s current role in the school is an inclusion teacher for the fifth grade level, which requires her to teach all academic disciplines. The writer participates in Joint Activities, which allows her students to join other students of the same grade from around the district on environmental school trips.

Literature Review
For decades, our country has been struggling to improve students’ interest in science and engineering (National Science Foundation, 1990).  Despite some recent improvements, achievement by United States elementary and secondary students in science and math lagged behind other countries according to the 1989 Indicators report (National Science Foundation, 1990).  Between 1982 and 1987, college institutes have also seen a decline within their freshmen students. Students participating in undergraduate degrees in engineering fell from 22 to 17 percent among men from 4 to 3 percent among women. Both genders also displayed declining interest in computer science majors. Because of lack of students studying science and engineering there was a global market affect (National Science Foundation, 1990).


In 1996, the Columbia College of Chicago was funded to teach teachers in grades 7, 8, 9 in 50 of Chicago’s public schools the basics of physical science using up to date pedagogical techniques with exemplary materials.  Each year, 40 teachers, selected from 10 of the 50 participating schools, took an intensive three-week summer program, followed by 16 after school sessions and two Saturday sessions during the school year.  In class and in school assistance were provided in subsequent years to aid in the classroom implementation of the materials. (Ward, 2009) 



The school districts saw a significant increase in the number of teachers who encouraged their students to independently design and conduct science projects (from 5% of the teachers before participating in the project to 23% after their participation). Students of the participating teachers also demonstrated gains in knowledge that, in many cases, exceeded the national urban average of 3.5 on the same test. Overall, the fifth grade students moved from a pre-test score of 28.7 to a post test score of 33, for an average gain of 4.3. Seventh grade students also had an average gain of 4.3, moving from a fall score of 36.2 to a spring score of 40.5. English grade students had a slightly lower average gain of 3.9, moving from a fall score of 39.2 to spring score of 43.1 (Ward,2009)
Teaching engineering in K-12 grades would not only boost interest in the profession and in technical careers in general, but also would improve all students’ problem-solving, systems-thinking and teamwork skills, says the National Academy of Engineering in a September 8 report. Even so, very few U.S. schools now include the discipline or have enough trained faculty to teach it says NAE: Engineering might be called the missing letter in STEM {science, technology, engineering, and math} education” (Rubin, 2009). NAE believes about 6 million students have been “exposed” to engineering instruction since the early 1990s, but that number is a small fraction of the K-12 population in the U.S., about 56 million in 2008 (Rubin, 2009)
All jobs of the future will require a basic understanding of math and science.  The most recent ten years employment projection by the U.S. Labor Department shows that of the 20 fastest growing occupations projected for 2014, 15 of them require significant mathematics or science preparation to successfully compete for a job (Burearu of Labor and Statistics, 2004-2014). According to the National Center for Education Statistics, about one-third of the fourth graders and one-fifth of eight graders cannot perform mathematical computations and U.S. high school senior recently tested below the international average for 21 countries in mathematics and science (National Center for Statistics, ). The story is not much better at the higher educational levels. The interest of young Americans’ in science and technology has eroded over time. In 1960, one out of every six (17 percent) U.S. bachelor or graduate degrees was awarded in engineering, mathematics or the physical sciences but by 2001, that number had dropped to less than one in 10 (just 8 percent) of all degrees awarded in the United States. 
Technological and scientific literacy are crucial for students to compete in the global economy of the 21st century (CPGE,2007). The widening gap in math, science and engineering achievement between the students in the U.S. and those in other developed countries is partially due to teachers lacking content knowledge, pedagogy, and experience in these subjects (CPGE, 2007). The most recent international comparison study done by the Trends in International Mathematics and Science Study (TIMSS) in 2007 showed that math scores of U.S. 4th and 8th grades have increased but science scores have remained unchanged since 1995 (NSTA, 2009). 

Alarming trends from “Rising Above the Gathering Storm” and the “America’s Perfect Storm” policy reports showed that: (1) there are not enough students in the science, technology, engineering, and mathematics (STEM) fields today to support the workforce of tomorrow (2) the number of science and engineering degrees awarded in the U.S. had fallen by 20% compared to 1985, (3) the number of engineering graduates in the U.S. today is one-fifth the number of graduates in India and less than one-ninth the number in China, and (4) there are not enough qualified K-12 STEM teachers to meet the needs of the changing population of students (CPGE, ETS, 2007). 

Data Collection


Data will be collected using quantitative and qualitative methods. A survey will be used to collect background knowledge of participates and their view towards science.  The survey will be given to teachers, experimental and comparison group of students.  They will answer seven questions about their interest in science and their knowledge of the Engineering Design Process.(Appendix 1) 


Students will also be given pre and post assessment to analyze what they know and how much they have learned. (Appendix  2) Questions on the assessment will be identical and will cover the engineering design process along with questions implementing these steps. Interviews will be conducted to a variety of students it will consist of five questions.(Appendix 3) The questions are geared to have the students express what parts of the engineering design process they enjoyed as well as what is an engineer. Photos of the challenges will also be taken as evidence of the events.  The Data will be collected in a 7 week span. 
Timeline

	Time
	Type of Collection
	Group

	Week 1
	Survey
	Experimental, Comparison and Teachers

	Week 2
	Pre-Assessments
	Experimental and Comparison Group

	Week 3-5
	Observations/Design Squads and other Engineering Projects
	Experimental

	Week 6
	Post Assessment
	Experimental and Comparison

	Week 7
	Interviews
	Experimental
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Survey Results
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The majority of the survey participates answered this question correctly.
Interview Responses

Question 1

How do you feel about the Engineering Design Process?

CR: I enjoy working in a group and building different projects.

AM: I feel that the Engineering Design Process is fun because the projects are a group effort, so you don’t work alone and other people make suggestions and help.

MW: When we work on challenges its fun and we help each other.

NS: I feel that I’m learning and having fun all at the same time; it’s easier to solve problems, especially since we work in groups and can get ideas from each other.

Question 2



How can you use the engineering design process outside the classroom?

LB: You can make a filter to keep a pond clean.

CR: I would use the engineering design process when I need to create a project for science or social studies.

AC: I can use it because it teachers us how to solve problems.  Like if we bake a cake; first we would have to ask questions then we would imagine how it look. After that we would plan it out, so now we create it and test it and that’s our engineering design process.

KM: I can use the engineering design process when something in my house doesn’t work anymore.

MW: To help me solve problems in my science fair projects.

Questions 3



What part of the Engineering Design Process?
YS: The part I like is when we create our project. My group and I really tried to be creative.

IE: I like working together in groups it really makes us think and compete against our classmates.

SW: The part I enjoyed the most is when we created the projects and then improved on them.

AK: I like the create part because you get to create a lot of different projects and learn about different engineers.

LB: I enjoyed the building and planning part. When we plan we gather ideas from each group member and then we build our project.

CS: I like when we create and test our project it is so much fun.

Question 4



In your own words describe an engineer?

CR: An engineer is a person that enjoys creating or building.  For example an engineer build bridges or buildings.

JC: An engineer is a person who has to build stuff and designs it before it can be built.

SW: An engineer is a person who designs something to help the world.

KM: To me an engineer is working as a team.

KP: Someone who can make things other people can’t and think differently.

Question 5
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Implementation of the Engineering Design Process
Appendix 1

Survey:
1. Are you a 

a. Teacher

b. Student

2. Rate your overall attitude towards science

a. Poor

b. Fair

c. Good

d. Excellent

3. What fields of science are you interest in?

a. Life Science

b. Earth Science

c. Space Science

d. Environmental Science

4. Which type of engineer would focus on designing bridges?

a. Mechanical Engineer

b. Civil Engineer

c. Agricultural Engineer

d. Environmental Engineer

5. Which engineer would be responsible for Pest Integration Management?

a. Mechanical Engineer

b. Civil Engineer

c. Agricultural Engineer

d. Environmental Engineer

6. Matt and Lisa are using their plan to build a windmill. Which step of the engineering design process are they working on?

a. Ask

b. Imagine

c. Plan

d. Create

e. Improve

7. June and Claire tested their water filter design and observed that the materials used did not perform. Which step of the engineering design process would they work on next?

a. Ask

b. Imagine

c. Plan

d. Create

Implementation of the Engineering Design Process
Appendix 2

Pre and Post Assessment Questions

1. David and Sonali are working on a design. They are making this list. Which step of the Engineering Design Process are they working on? 

	Things we could do to make our assembly line work faster:

a. Make the lever longer

b. Put the simple machines closer together

c. Attach another bucket to the cart


A. Ask 

B. Plan

C. Create

D. Improve

2. Dana and Leif were building a small windmill together. The two of the attached the blades to the rotor and it began to spin.  Which step of the Engineering design Process do you think Dana and Leif were working on? Circle on answer.

A. Ask

B. Imagine

C. Plan

D. Create

3. Yin Min and Chen were talking about how to mix earth materials to make a strong mortar. Yin Min suggested mixing sand and straw with water. Chen suggested mixing clay and straw, because clay is sticky. They continued to think of more ideas. Which step of the Engineering Design Process do you think Yin and Chen were working on? Circle one answer.

A. Ask

B. Imagine

C. Plan

D. Create

4. What step of the Engineering Design Process would Yi Min and Chen do next? Circle one answer?

A. Ask

B. Imagine

C. Plan

D. Create

5. Antoine and Sara are working on a design. They are making this list. Which step of the Engineering Design Process are they working on?

	What is the problem?

What materials can we use?

How have other people solved this problem?




A. Ask

B. Imagine

C. Plan

D. Create

6. Maria and Bobby designed a chair that they wanted to make. Bobby suggested making it out of wood. Maria wanted to use plastic or metal. What are Maria and Bobby talking about?

A. Properties of the chair

B. Material for the chair

C. Size of the chair

D. How the chair will be used

7. Cailtin and faith are working on a design. They are making this list. Which step of the Engineering Design Process are they working on?

	Materials we need:

Craft sticks

Wax paper

Tape

Milk carton


A. Ask

B. Imagine

C. Plan

Create

Implementation of the Engineering Design Process
Appendix 3

Interview Questions
1. How do you feel about working with the engineering design process?

2. How can you use the Engineering Design Process outside the classroom?

3. What part of the engineering design process do you enjoy?

4. In your own words describe an engineer?

5. Would you like a class that focused on engineering?
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