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A REU Site Program for Engineering Education Research  

on Self-Regulated Learning 

 
 

Abstract 

 

This paper reports some results of an ongoing REU Site program funded by the NSF TUES-Type 

1 funds.  The vast majority of NSF-funded REU Site programs focus on disciplinary research in 

Science, Technology, Engineering, and Mathematics (STEM).  REU Site programs that focus on 

engineering education research have not been made available until recently.  In this paper, we 

report the results of a 10-week summer REU Site program that focuses on engineering education 

research on self-regulated learning.  In addition to the description of the theoretical foundation 

and the overall framework of this program, this paper describes its three primary elements 

including: 1) recruitment and selection of REU participants, 2) REU research projects, and 3) 

seminar and workshop series and a final symposium.  Selected student comments, as well as 

lessons learned, are also presented in this paper.  Many REU students expressed their desire to 

pursue further graduate studies, or teaching, to advance their professional careers.   

 

Introduction 
 

Extensive research evidence has suggested that undergraduate research experience (REU) 

significantly improves students’ academic performance and confidence, and has a lasting impact 

on their career paths 1-3.  The National Science Foundation has been supporting undergraduate 

research in two ways: 1) REU Supplements to existing NSF grant awards, which usually involve 

one to two undergraduates per grant award, and 2) REU Sites that provide support for a cohort of 

undergraduates (six to ten per year) over a three-year project period 4.  REU Sites program can 

be either a summer program (i.e., REU students conduct research in summer at the project PIs’ 

institutions) or an academic year program (i.e., REU students conduct research throughout an 

academic year with the supervisions of the project PIs).   
 

The vast majority of NSF-funded REU Site programs focus on disciplinary research in Science, 

Technology, Engineering, and Mathematics (STEM), such as research in mechanical 

engineering, civil engineering, environment engineering, electrical engineering, computer 

sciences, mathematics, technology, and physical sciences 5-12.  For example, Castillejos 5 

reported a REU Site program focused on neural engineering.  REU students worked on projects 

that involved materials for neural tissue engineering, neurofunctional and neurobehavior 

analysis, multicellular neural tissue engineering, and neuromuscular control.  Lunardi 6 reported 

a REU Site program focused on integrating scalable renewable generating energy sources into an 

efficient power electric grid.  REU students worked on a variety of research projects such as 

novel materials for inexpensive photovoltaics, nanoparticles/metal oxide coated polymer fibers 

for solar cells, and characterization of high voltage diodes.            

 

REU Site programs that focus on engineering education research have not been made available 

until recently.  Therefore, the literature on REU Site programs that focus on engineering 

education research is limited.  In this paper, we report the results of a 10-week summer REU Site 

program that focuses on engineering education research, particularly on self-regulated learning 
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(SRL).  The program, funded through the NSF-TUES Type 1 funds, aims to motivate and retain 

talented undergraduates in STEM careers, particularly careers in teaching and STEM education 

research.   

    

The remaining sections of this paper are organized as follows.  First, self-regulated learning is 

briefly introduced to provide a theoretical foundation of this REU Site program.  Then, the goal, 

objectives, and overall framework of the program are described.  Next, three primary elements of 

the program are described, including 1) recruitment and selection of REU participants; 2) REU 

research projects; and 3) seminar and workshop series and a final symposium.  Then, the results 

of student evaluation of the program, as well as lessons learned, are described in the end of the 

paper.  Finally, concluding remarks are made at the end of the paper.   

 

Self-Regulated Learning (SRL) 
 

The theoretical foundation of this REU Site program is self-regulated learning (SRL) theory.  

SRL refers to learners’ ability and skills to understand and control their learning environment.  

Zimmerman 13 defined SRL as learners’ “self-generated thoughts, feelings, and actions which are 

systematically oriented toward attainment of their goals.”  Self-regulated learners are 

“metacognitively, motivationally, and behaviorally active participants in their own learning 

process” 13; therefore, self-regulated learners are skilled in goal-setting, self-monitoring, self-

instruction, and self-reinforcement 14.   

 

Evidence has shown that SRL plays an increasingly important role in the education of both 

children and adults, and that SRL is a significant predictor of students’ academic performance.  

For example, Zheng et al. 15 have applied a SRL process model to improve students’ mastery of 

engineering concepts.  Zimmerman and Martinez-Pons 16 , Zimmerman 17, and Lawanto et al.18 

also found a significant co-relationship between student achievement and the SRL strategies that 

students employed.   

 

While many theoretical perspectives on self-regulation have been offered in the literature,  this 

REU Site program is built particularly upon Butler and Cartier’s socio-constructivist model of 

self-regulation 19-21 because it enables teasing apart and investigating the interplay between 

metacognitive knowledge (e.g., students’ understanding about tasks and strategies as mediating 

variables), and metacognitive control, conceptualized as cycles of “self-regulation in action,” 

within the context of complex learning activity.  Butler and Cartier’s model 19-21 depicts eight 

features that interact with each other to shape engagement in learning:  layers of context, what 

individuals bring, mediating variables, task interpretation, personal objectives, SRL processes, 

cognitive strategies, and performance criteria.  Interested readers may refer to relevant literature 

to gain an in-depth understanding of Butler and Cartier’s model 19-21.    

  

Goal, Objectives, and Overall Framework of the REU Site Program 
 

The overall goal of this REU Site program is to motivate and retain talented undergraduates in 

STEM careers, particularly careers in teaching and STEM education research.  The specific 

objectives of the program include:  
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 Expose REU students, especially those who might not otherwise have the opportunity and 

those from underrepresented groups (female and ethnic minority), to cutting-edge STEM 

education research.  

 Stimulate participating REU students to pursue graduate degrees and careers in teaching and 

STEM education research. 

 Develop each REU student’s technical, communication, and teamwork skills by actively 

engaging them in all aspects of educational research – from literature review, research 

methods, data collection and analysis, to technical writing and oral presentations. 

 Create a supportive educational community that involves REU students, graduate students, 

faculty mentors, and education professionals and administrators to promote STEM 

education. 

 Evaluate the effectiveness of this REU Site program and broadly disseminate student 

research findings as well as the program results to the STEM research and education 

community nationwide.        

 

The overall framework of the program is described as follow.  Over a three-year period starting 

summer 2014, 24 REU students (eight per year) from across the nation actively participate in the 

program on engineering education research.  The program consists of four research projects 

particularly designed for REU students.  Each project team includes a faculty advisor, a graduate 

student mentor, and two REU students.  These four REU research projects share a common 

intellectual focus: self-regulated learning in engineering education.  In addition to research, REU 

students participate in five seminars and workshops, a final research symposium, and formative 

and summative program evaluations.      

 

Student Recruitment and Selection 

 

Advertisement for the program was done via a variety of channels, such as email distributions to 

targeted institutions, a variety of list serves, as well as personal contacts.  Due to aggressive 

advertising efforts, 86 applications from across the country were received for the summer 2014 

program, which was the first summer of the program. Each applicant was required to submit the 

following items:   

 

1. Application form 

2. A statement of one to two pages that describe 

1)  The applicant’s career goal and professional interest  

2)  Why the applicant is interested in this REU Site program  

3)  The applicant’s previous research experience (if any) and academic accomplishments 

(such as awards and honors) 

4)  What the applicant expects to learn from this REU Site experience  

5)  Was there anyone whom inspired the applicant participating in this REU Site? If “yes”, 

what was applicant’s relationship with him (or her)?       

3.   Resume listing prior study and work experience and accomplishments 

4.   A copy of the applicant’s recent unofficial transcript of all college course work 

5.   Two letters of recommendation.  The letters must be from professionals (rather than 

personal friends or relatives) who can comment on the applicant’s accomplishments, or on 

the applicant’s potential as an undergraduate researcher.  
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Among 86 applications, 76 were considered complete and included all above-listed items.  Table 

1 shows the demographic locations (from 24 states) of the 76 complete applications.     

 

Table 1.  The demographic locations of the 76 complete applications 

 

State Number of 

applicants 

State Number of 

applicants 

State Number of 

applicants 

California 3 Maryland 3 Ohio 1 

Colorado 1 Michigan 1 Oklahoma 2 

Georgia 2 Missouri 1 Oregon 2 

Iowa 1 Mississippi 6 Pennsylvania 1 

Idaho 2 North Carolina 3 Tennessee 1 

Indiana 1 New Jersey 1 Texas 5 

Louisiana 4 New Mexico 2 Utah 19 

Massachusetts 3 New York 3 Washington 2 

 

Among the 76 valid applicants who were from 43 institutions across the country, eight 

undergraduate students from eight different institutions were finally selected, based on a 

comprehensive selection rubric, to participate in the summer 2014 program on the campus of the 

University.  These students had diverse backgrounds in a variety of STEM fields and were from 

either 4-year or 2-year institutions.  Among the eight REU students, five were females and three 

were males.   

 

REU Research Projects 

 

Throughout the 10-week summer program, REU students conducted four research projects, 

including 1) developing a self-regulation survey instrument for problem solving in engineering; 

2) studying students’ meta-cognitive strategies when learning engineering with computer 

simulation and animation; 3) studying students’ self-efficacy, perception of engineering, and 

engineering interest in the context of Mathematics Engineering Science Achievement (MESA) 
22; and 4) developing an instrument for exploring engineering design knowing and thinking.  

These four projects are briefly described in the following paragraphs.   

 

Project 1 aims to develop a survey instrument to measure how well students regulate themselves 

in solving ill-defined engineering problems.  In summer 2014, two REU students who worked on 

project 1 particularly focused on three important constructs of self-regulated learning: task value, 

task interpretation, and planning strategies.  The project team, which included a faculty mentor, a 

graduate student mentor, and two REU students, designed and implemented the following 

research methodology: chose targeted SRL construct, designed problems and interview questions 

for initial study, lined up and interviewed participants, gathered and analyzed data, and 

developed survey items.   

 

Project 2 aims to study the effect of computer simulation and animation on students’ 

metacognitive knowledge and strategies in engineering dynamics, a foundational yet difficult 

undergraduate engineering course.  The project team designed the following two research 

questions:  What metacognitive knowledge do students use in solving engineering dynamics 
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problems with a computer simulation and animation module? How do computer simulation and 

animation modules affect the metacognitive knowledge and skills of students in solving 

engineering dynamics problems?  The REU students applied qualitative research methodology to 

answer these research questions.     

 

Project 3 aims to identify student-oriented activities, within the Mathematics, Engineering, 

Science Achievement (MESA) program, that have a positive influence on underrepresented 

students’ engineering self-efficacy, interest in engineering, perceptions of engineering, self-

regulating, and cognitive strategies while they are engaged in MESA’ hands-on activities.  The 

project team designed six research questions.  Three example research questions are:  Is there 

any relationship between MESA activities and the students’ self-efficacy?  How do MESA 

activities, self-efficacy, engineering interest, and the perception of engineering influence the 

students’ major choice?  What is the relationship between MESA advising and the students’ 

future plans?  The REU students performed statistical analysis on relevant data collected through 

the MESA program.   

 

Project 4 aims to develop an instrument for exploring engineering design knowing and thinking.  

The REU students studied trends in the cumulative design issues by freshmen, seniors, and 

professional engineers.  The project team classified design issues in the following six categories: 

requirements, function, expected behavior, structure, behavior derived from structure, and 

documentation.  These six categories were employed in the REU students’ coding system.  

 

Seminar and Workshop Series and Final Symposium  

 

During the first five weeks of the summer 2014 program, the faculty team conducted five 

seminar and workshop series, including 1) self-regulated learning and its role in engineering 

education; 2) responsible research; 3) developing an educational research question; 4) mixed 

methods research methodologies with emphasis on qualitative method; and 5) educational data 

analysis with SPSS.  Two example seminars and workshops are described in the following 

paragraphs.  

 

Example 1:  One seminar focused on the introduction to self-regulated learning and its role in 

engineering education.  The objective of this seminar was to introduce REU participants a broad 

understanding of the self-regulated learning and its role in learning, teaching, and assessment. In 

this seminar, each participant was also invited to identify, exercise, and share their own self-

regulation to others through working on several pre-developed case studies provided to them.   

 

Example 2:  One workshop focused on developing an educational research question.  The 

workshop took the format of “Think-Pair-Share-Report.”  The faculty organizer first described 

the general process of educational research.  Then, he presented to the REU students the 

following questions: What are “quality” questions for educational research?  How to develop 

“quality” questions for educational research?  How to answer research questions?  Selected 

papers from the literature were also provided to the REU students for them to identify how to 

answer these questions.      
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The capstone event of the REU Site program occurs near the end of the program when a formal 

symposium on engineering education research is organized.  All REU students present their 

research projects and results in the symposium to faculty mentors and graduate student mentors. 

 

Student Evaluations and Lessons Learned   

 

The REU students provided evaluations throughout the program.  In their final reports, they 

described what they had learned from this REU program and the impact of the program.  Student 

evaluations were positive.  Selected comments from REU students are provided in the following 

paragraphs:  

 

 “My time spent this summer at [host institution] campus has been filled with many 

wonderful, incredible, and intelligent people. I have appreciated the experience of 

spending time with so many people from so many different backgrounds and cultures and 

with so much to offer. I have gained a new appreciation for the world of academia.” 

 

 “This project was one of the best learning experiences that I have encountered in my 

academic career. My previous research experience has been in the field of mathematics. I 

was dealing with formulas, equations, and theorems. This is the first time that I have 

worked with human subject and qualitative data. I realized how hard it is to work with 

human subjects.” 

 

 “This project has impacted my life in a variety of positive ways. All of the outcomes 

from the last ten weeks have reinforced my want to attend graduate school in some type 

of educational field. Learning so much about SRL has also made me want to incorporate 

more self-regulating strategies into my own life.” 

 

Based on experiences in the summer 2014 program, the faculty mentor team learned two lessons.  

First, the decision to accept an applicant to participate in the program should be made as early as 

possible.  This would help prevent highly-qualified applicants from accepting other job offers.  

Second, it would be better to conduct the five seminar and workshop series within the first two or 

three weeks, rather than five weeks, of the program.  REU students reported that they would 

understand more about education research if these seminars and workshops could be offered 

earlier.                        

           

Concluding Remarks  

 

The vast majority of NSF-funded REU Site programs focus on disciplinary research in the 

STEM field.  In this paper, we have reported the results of the 10-week summer REU Site 

program that focuses on engineering education research, particularly on self-regulated learning.  

In summer 2014, eight undergraduate applicants from eight institutions across the nation were 

selected (from 76 applications representing 43 higher-learning institutions and 24 states across 

the nation) to participate in this REU Site program.  REU students worked on four research 

projects that focused on self-regulated learning.  Five seminars and workshops were also 

provided to the REU students.  Student evaluations were positive, and they reported that they 

have learned a lot about engineering education research from this program.  Many students 
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expressed their desire to purchase further graduate studies, or teaching, in the development of 

their professional careers.               
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