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Abstract 
TERMS (Transitioning Engineering Research to Middle Schools) is a Research Experience for 
Teachers (RET) project funded by the National Science Foundation that targets the middle 
school teachers who teach the students most at risk for losing interest in science, engineering, 
and mathematics.  As most students advance through middle school science classes, their 
attitudes toward science become more negative and their interests decrease most in the seventh 
grade.  The middle grades are a critical period for students, representing the period most 
beneficial to provide engaging academic opportunities.  While there are several programs 
focusing on students and teachers in high school, there are few designed for lower grades.  This 
program develops curriculum and experiences for this level of student. TERMS additionally 
focuses efforts on student populations who can add diversity to Oklahoma State University 
engineering program.   
 
The program has increased teacher efficacy in research and in teaching.  This is evidenced by a 
survey that was adapted from one available to the RET network.  The survey looks at the 
satisfaction with the RET experience, the extent that the faculty mentor met RET expectation, the 
success of the RET experience, the impact of the RET program on the RET personally, level of 
engagement, and learning experiences.  We particularly enhanced the research component of the 
project; the teachers wrote research papers, developed research boards for science fairs, and gave 
research presentations.   We provide research results from several additional surveys that 
specifically look at the teacher’s attitude and motivation towards research and science and 
mathematics teaching through the context of engineering. 
 
Background 
This project—Transitioning Engineering Research to Middle Schools (TERMS)—is a combined 
REU (Research Experience for Undergraduates) and RET program that engages teachers in 
middle grades (6th-9th) and undergraduate engineering students in research.  Teachers and 
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undergraduate students were matched with a faculty mentor on a coherent, focused research 
project.  All research emphasized a single theme - how engineers understand, design, fabricate, 
and test materials and structures whose overall properties are determined by collective 
interactions of their parts.  The whole of such materials and structures is more than the sum of 
the parts; such complex systems are defined by emergent phenomena.  Each research team 
transitioned the results of their research to projects that can be undertaken in the middle school 
classroom; training in how to enable this transition is a key component of TERMS.   
 
TERMS is built around four distinguishing features.  The first aspect of this project is that 
TERMS targets the middle school teachers who teach the students most at risk for losing interest 
in science, engineering, and mathematics.  As most students advance through middle school 
science classes, their attitudes toward science become more negative and their interests decrease 
most in the seventh grade (Cavallo and Laubach, 2001, Cohen-Scali, 2003, Gibson and Chase, 
2002, Ma and Wilkins, 2002).  The middle grades are a critical period for students, representing 
the period most beneficial to provide engaging academic opportunities.  Focusing on teachers 
and students in the middle grades targets a population which is not being served by existing local 
outreach activities.    While there are several programs focusing on students and teachers in high 
school—Project Lead the Way (2004) for example—there are few designed for lower grades.  
TERMS additionally focuses efforts on student populations—women and under-represented 
minorities—who can add diversity to OSU’s engineering program.  One key question is whether 
it is appropriate for 6th through 9th grade science and math teachers to undertake focused research 
experiences.  To address this concern TERMS builds on a large body of prior knowledge and 
experience that has shown teachers in the middle grades can be successful in transitioning 
research experiences to educational activities (Matthew and Wilson, 2006, Mooney and 
Loubach, 2002, Ruston, Cyr, and Prouty, 2002, Richards, Flaherty, Cunningham, 2004, 
Dewaters, Hooper, and Powers, 2006, Gore, 2006, and Zarske et al., 2004).  Additionally 
TERMS paired teachers with undergraduate REU students (apprentice engineers) who have 
experience with instrumentation and engineering applications teachers may lack.   
 
A second distinguishing feature is that TERMS focuses on a coherent, timely, and important 
research topic that falls in Pasteur’s Quadrant (Stokes, 1997) addressing both basic science and 
application.  TERMS participants research focuses on how to engineer materials and structures 
whose behavior is determined by the collective interactions of their parts.  This is an active 
research area at OSU with programs in biological and medical materials, photonic materials, and 
colloidal self assemblies.  Facilities and experience exist locally to provide a needed breadth and 
depth of research experiences.  By selecting a coherent theme for all participants’ TERMS 
facilitates cross-fertilization of ideas and ensures teachers do not see research in an overly 
narrow context.  This theme will enable deeper and more productive interactions between the 
members of the cohort as well, interactions supported by the organization of TERMS.  This 
research theme can have a transformative effect on how the participating teachers view science 
since it is dominated by “emergent” rather than “direct” processes.  Direct processes arise 
casually from events or actions and generally can be readily visualized by students since they 
correspond to processes students are likely to have experienced.  An example is the circulation of 
blood.  Emergent processes “emerge” from interactions of many particles or forces and the 
causal reasons for the process are not typically drawn from experience.  Diffusion, heat flow, and 
electric fields are examples of emergent processes.  Research on developing conceptual 
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understanding (Chi, 2005) has shown that misconceptions about “direct” processes are easier to 
correct than misconceptions about “emergent” processes.  It is also known that it is more difficult 
to correct a misconception when the correction requires a shift between ontological domains—
i.e. direct to emergent—than if it remains in the same domain (Chi, Slotta, and de Leeuw, 1994.  
By focusing on research that emphasizes understanding emergent processes TERMS better 
equips teachers to understand then teach students ways to understand the interdependent 
processes vital to complex systems.  
 
The third unique aspect of TERMS is that participants were taught effective ways to transition 
research into the classroom by engineering faculty who have successfully done so.  The cohort of 
teachers and REU students devoted approximately one day each week to creating inquiry-based 
projects appropriate for K-12 students that are drawn from their research.  OSU had a very 
successful NSF Department Level Reform project—Engineering Students for the 21st Century 
(ES21C)—that developed a process for taking research into undergraduate classes.  Engineering 
faculty familiar with this process drew upon on examples from existing undergraduate 
laboratories to teach key aspects of the process to participants.   
 
Finally TERMS was informed by in-depth analysis of others’ RET experiences to address key 
elements of a successful research experience.  An independent evaluation of RET participants 
(Russell and Hancock, 2006) suggests specific improvements to the RET program that TERMS 
addresses.  These include: 

 Involvement of low income school districts and drawing several teachers from a single 
school district.  TERMS focused on local school districts, many that serve low income 
and Native American populations.   

 Development of ongoing collaborative relationships that extend beyond teachers time on 
campus and supported by detailed orientation and training sessions at the start of the RET 
experience.     

 Research faculty mentors that were engaged and interested in helping develop low cost 
curricular materials.  TERMS involved faculty and undergraduate students who are 
experienced in the process of translating research problems to the undergraduate 
classroom. 

 
The motivation for engaging some of OSU’s most productive faculty in K-12 outreach stems 
from critical needs at both national and local levels.  Nationally, calls to action—i.e. Rising 
Above the Gathering Storm (National Academy of Sciences, National Academy of Engineering, 
and the Institute of Medicine, 2006)—strongly urge policymakers to strengthen and build the 
United States’ research infrastructure.  These reports paint grim pictures of the country’s 
technological and economic future if steps are not taken to improve and diversify STEM 
education.  It is clear that in training the scientific workforce of the 21st century there must be 
more collusion among all stakeholders in education.  The faculty members involved in STEM 
are passionate in believing action must be taken.  At the local level it is becoming a high priority 
to increase recruitment of students entering the engineering program, particularly females and 
ethnic minorities.  TERMS will help to foster sustainable long-term solutions to recruiting and 
diversity issues.  A key question is how to best create a sustainable pipeline of qualified and 
diverse students into a program focused on retaining them once they enter.  TERMS is 
synergistic with, draws from, and builds on other engineering education efforts at OSU.  These 
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include Engineering Students for the 21st Century, an undergraduate department level reform; 
several CCLI awards that focus on bringing research into the classroom, and locally funded 
outreach programs to K-12 schools.   
 
Project Characteristics 
TERMS addresses needed development of human resources in the state of Oklahoma by creating 
a network of teachers across the state who engaged students in technical subjects.  This aspect of 
professional development is critically needed in middle schools since national standards are 
moving away from a teacher-oriented format focused on topics towards inquiry oriented science 
learning. TERMS created, tested, and disseminated age-appropriate, inquiry-based course 
materials aimed at middle school audiences.  These course materials will focus both on 
transitioning research into the classroom, the engineering design cycle and emergent phenomena.  
 
This project involves 6th-9th grade teachers, undergraduate students and REUs in combined 
research and K-12 content development.  The program consists of pre-visit preparation, six 
(teachers) and ten (REU students) week summer research experience, and follow up academic 
interactions between RET teachers, OSU faculty, REU students, and middle schools students.  
The undergraduate students and the teachers form a team to allow for appropriate translation of 
the laboratory experiments to the classroom.  Additionally, curriculum is being developed for 
these middle level classrooms.  The teachers for the program are math, science and technology 
teachers from rural and Native America districts in Oklahoma.  The most recent cohort (from 
summer of 2011) also had two preservice teachers involved as well as two high schools students 
(that are entering college in the fall of 2011). 
 
This particular examination of the TERMS project is examining the self-efficacy, motivation, 
and attitudes of teachers.  The develop confidence in the teachers, one day each week was 
devoted to professional development of the teachers.  During this time, the teachers were 
engaged in the development of several deliverables to develop information for students and 
curriculum for their classrooms.  These included lesson plans, flyers, pamphlets, videos, and 
implementation calendars.  The lesson plans were developed to transition the research to the 
classroom, the flyers, pamphlets and videos were to provide project information to 
superintendents, principals, other teachers, students, and parents about the project.  The 
implementation calendars were developed to see when exactly teachers were covering 
engineering in their classrooms. 
 
As we enhanced the research component of the program, we focused on seven research specific 
tools (see Figure 1) to help the teachers gain confidence in research skills and to help them 
communicate their research results to a variety of audiences.    The first deliverable that the 
teachers had was a lab book where they documented the activities accomplished in the lab.  The 
teachers also maintained a journal where they recorded thoughts and comments about their 
research and curriculum implementation during the entire year.  The teachers prepared a 
narrative that examined the effectiveness of the summer research program, the effectiveness of 
their curriculum unit, and the impact on their students.  The teachers of the 2011 cohort prepared 
professional quality research papers that have been compiled into a research compendium.  
Finally, the teachers prepared research posters for their classroom, power point presentations, 
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and science fair boards.   The completion of their research projects plus these deliverables 
provided confidence and experience to the teachers.   
 

 
Figure 1 – Teacher Research Deliverables 

 
Program Demographics 
The TERMS program commenced in 2009 and had three cohorts (2009/2010, 2010/2011, 
2011/2012).  The teachers were selected from districts with low socieoeconomic status and a 
large number of ethnic students.  The teachers themselves came from multicultural backgrounds. 
 
2011-2012 Teacher Demographics 
N= 8 In-service (5 MS/JH mathematics and 3 MS/JH science teachers) and 2 Pre-service Science 
Mean Age – 39 (ages range from 28 to 50) 
Years Teaching – 12 (five with 10 or more years and 3 between 5 to 9 years experience) 
Gender – 6 females and 4 male 
Ethnicity – 7 Caucasian, 1 Asian, 1 Hispanic, and 1 American Indian 
Misc:  All but one person was traditionally certified.  The one non-traditionally certified has been 
teaching for 14 years. 

 
2010-2011 Teacher Demographic  
N= 8 (4 MS/JH mathematics and 4 MS/JH science teachers) 
Mean Age – 38  (ages range from 28 to 48) 
Years Teaching – 8.6 (three with 14 or more years and 5 with from 1-9 years experience) 
Gender – 7 females and 1 male 
Ethnicity – 6 Caucasian and 2 American Indian 
Misc:  For two of the eight teachers, teaching is their 2nd career. 3/8 teachers are not traditionally 
certified in a BS program - (BS degrees in HPER, Animal Science, and Physical Therapy) [all 3 
teaching MS/JH science; these BS degrees tend to require strong science backgrounds].  2/8 
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teachers have a BS degree in Elementary Education [both teaching MS mathematics].  The 
remaining 3/8 teachers have a BS in either secondary mathematics or science.   
 
2009-2010 Teacher Demographic Information 
N= 6 (3 MS mathematics and 3 MS science teachers) 
Mean Age – 38 
Years Teaching – 9 (one with 28 years and the others from 1-8 years experience) 
Gender – 5 females and 1 male 
Ethnicity – 5 Caucasian and 1 American Indian 
Misc:  For two of the six teachers, teaching is their 2nd career. 4/6 teachers are not traditionally 
certified in a BS program.  (BS degrees in History, German, Agriculture, and 1 not reported )  
The remaining two have a BS degree in Elementary Education 
 
Results 
Tables 1, 2 and 3 give results from three surveys.   
 
Table 1. – Teacher Self Evaluation of Research Experience for Two Cohorts (2010/2011) 
 

Question Average 
rating 
(2010/2011) 

Sample Comments 

I developed insights into the process of 
scientific research. 

4.8/4.9 
I learned a lot through the experience and talking to the 
graduate students 

I developed an appreciation of the daily 
work of a scientific researcher. 

4.8/4.8 

Being involved demonstrated the daily like of most 
graduates and faculty members 
I saw that these were new problems to address every day.  
Not just doing the same thing over and over 

I contributed to my faculty mentors 
research project. 

2.5/4.2 

I contributed by giving data to the graduate student and 
contributing to future research 
Working together, we were able to get done what he 
wasn’t supposed to have done until October 

I believe that I improved my science skills 
during the RET experience. 

4.6/4.9 
I have more confidences in the material as I am 
presenting; I know what areas I need to add to. 

I demonstrated an increased enthusiasm 
toward science as a real world activity.   

4.8/4/8 
Knowing I am contributing to the needs of the community 
is comforting 

I accepted constructive criticism in a 
professional manner. 

4.8/4.7 
Dr. ?? had great suggestions for enhancing my curriculum 
unit.   

I adjusted to the challenges of the 
laboratory environment. 

4.8/4.8 

Pacing was the biggest challenge for me. I was finally 
able to feel that I was accomplishing an appropriate 
amount in the given time. 
Enjoyed the level of scientific work 

I believe that my lab placement was 
worthwhile for me as a teacher. 

5/5 

This was an amazing experience! I loved working with 
Dr. ?? and ?   
I feel I have found many ways to apply math skills to 
everyday problems 

I shared ways that my faculty mentors 
research could be used in my classroom. 4.9/4.5 

I am still seeing connections & having ideas for new 
activities/lessons.  
Dr. M and I discussed various options. 

I believe that my experience persuaded 
my faculty mentor that this program as 
worthwhile for them and for myself. 

4.9/4.7 
Dr. ?? has verbalized his satisfaction 
Dr. ?? was very supportive of all of us pursuing areas of 
our own interest 

Strongly disagree (1) to strongly agree (5) 



  

7 
 

 
Table 1 represents results from a self-generated post program survey developed in 2010 based on 
experience from the 2009/2010 cohort.  The two cohorts from 2010/2011 and 2011/2012 gave 
similar high results for all elements with the exception of question 3, “I contributed to my faculty 
mentors research project.”  The increase for the 2011/2012 cohort comes from the increased 
emphasis on research over large curriculum units and the focus on high quality research papers. 
 
Table 2 represents another self-developed post program survey that focusses on specific research 
skills.  For almost all of the questions, the 2011/2012 cohort had higher confidence and 
understanding than the 2010/2011 cohort.  This again comes from the increased emphasis on 
research and research paper writing over extensive curriculum development.  The most 
significant differences are seen for question 2, “I am capable of contributing to engineering 
research” (0.9 difference), question 5, “My ability to analyze data has increased,” (1.0 
difference), question 6 “My skill in interpreting results of an experiment has increased” (0.9 
difference), and question 9, “My confidence to do conduct engineering research has improved” 
(0.8 difference). 
 
Table 2. – Teacher Self Evaluation of Program for Two Cohorts (2010/2011) 

Strongly disagree (1) to strongly agree (6)  

Question Average 
Rating 

(2010/2011) 
1.       I am confident that I understand the engineering design process (cycle). 5.1/5.4 
2.       I am capable of contributing to engineering research. 4.8/5.7 
3.       I am confident in my understanding of how engineers work on real-world problems. 5.1/5.4 
4.       I am confident in my understanding of the techniques and instrumentation used in engineering 

research. 
4.9/5.1 

5.       My skill in interpreting results of an experiment has increased. 4.4/5.3 
6.       My ability to analyze data has increased. 4.3/5.3 
7.       My ability to integrate theory and practice has increased. 4.4/5.0 
8.       I have a better understanding of how engineers think. 5.0/5.1 
9.       My confidence to conduct engineering research has improved. 4.9/5.7 
10.     My confidence to share engineering process with middle school students has improved. 5.4/5.9 
11.     I have a better understanding of how engineering can be incorporated into the MS curriculum. 5.4/5.5 
12.     I have a better understanding of how engineering concepts tie to math and science PASS. 5.3/5.3 
13.     I understand the role science plays in engineering. 5.5/5.4 
14.     I understand the role mathematics plays in engineering. 5.5/5.3 
15.     I often do engineering work in my own life. 4.3/4.6 
16.     Engineering is a social profession. 5.0/5.5 
17.     Most engineers work alone. 2.0/1.6 
18.     Middle school students aren’t capable of learning engineering. 1.1/1.2 
19.     I am confident that I can share a variety of engineering careers with my middle school students. 4.5/5.1 
20.     I understand of emergent phenomena. 5.1/4.5 
21.     I am confident that I can develop curriculum involving engineering concepts for my middle 

school classroom. 
5.5/5.3 

22.     I am confident that I can help other teachers incorporate engineering concepts into their 
classroom instruction. 

5.0/5.2 

23.     I am confident that I will be better prepared to answer those “where will I ever use this” 
questions. 

5.0/5.5 

24.     My faculty mentor was extremely helpful. 6.0/6.0 
25.     If given the opportunity, I would repeat this experience. 5.5/5.6 
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Table 3 shows the results for a post survey that was developed by the RET network 
(www.retnetwork.org).  This survey is a 52 item survey that asks questions about a variety of 
components of the program.  We have focused here on 20 of the questions that look at 
confidence and self-efficacy particularly related to research.  This post survey was given to all 
three cohorts.  The results show an increase in program effectiveness over the three years as we 
used formative assessment to improve our program.  Most of the 2011 responses to the questions 
were the highest for the three years. 
 
Table 3. – RET Network Survey Questions Related to Self-Efficacy for All Cohorts 
(2009/2010/2011) 
 

Impact of the RET Program on the RET personally 
Q:  To what extent do you agree with each of the following statements concerning the impact 
of the RET program on you personally?  (4 point Likert-type scale with 1-not at all, 2–small 
extent, 3-moderate extent, and 4-great extent)

Average 
Rating 

2009/20102011
It increased my confidence in myself as a teacher . . 2.5/3.4/3.4 
It elevated my enthusiasm for teaching  3.0/3.4/3.5 
It increased my interest in research and the ways that science, mathematics, or  technology can be 
applied . . .  3.0/3.8/3/6 

It stimulated me to think about ways I can improve my teaching . . . 3.1/3.5/3.9 
I believe I will be a more effective teacher... 3.0/3.3/3.8 
It increased my interest and ability in networking with teachers and other professionals . .  3.0/3.6/3.6 
It increased my motivation to seek out other experimental professional development 
activities . . .  3.1/3.3/3.8 

It increased my commitment to learning and seeking new ideas on my own . 3.5/3.1/3.6 
It changed my career direction . . .  1.6/1.6/2/2 

Learning Experiences 
Q:  To what extent, if any, do you feel that your experiences each of the following types of 
learning as a result of your participation in the RET?   (4 point Likert-type scale with 1-not 
at all, 2–small extent, 3-moderate extent, and 4-great extent)

Average 
Rating 

2009/2010/2011
I gained a greater understanding of the applications of science, mathematics, or technology in 
everyday life… 

3.3/3.8/3.7 

I acquired greater understanding of fundamental concepts in science or mathematics . . . .  3.1/3.3/3.3 
I became familiar with new materials and  equipment that I can use in my teaching . . . . 3.0/3.5/3.6 
I learned about innovative ways to use standard materials and equipment in my field 2.6/3.5/3.4 
I increased my knowledge of current issues in scientific or mathematical research . . . . .  3.0/3.6/3.7 
I gained a greater appreciation of the difficulties some students encounter when learning science or 
mathematics . . . . . . . . . . 

3.8/2.6/3.2 

I better understand how collaborative inquiry can be done successfully . . . . . . . . . .  2.6/3.1/3.6 
I became more proficient at using the Internet for communicating with colleagues and 
accessing information that will be helpful in my teaching . . 

2.1/2.5/2.4 

I learned about magazines and professional journals that will be relevant to me as a 
teacher . . . 

1.6/2.3/2.8 

I expanded my knowledge of how to use computers in my teaching . . . . 2.1/2.5/2.4 
I increased my knowledge of careers that utilize science, mathematics, or technology . . 2.8/3.4/3.2 
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