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Tracking Research Self-Efficacy of Participants 
 in an NSF Research Experience for Undergraduates Site  

 

Introduction and Background 

Participation in research during undergraduate engineering and science programs has been 
shown to increase the retention of students into both technical careers and graduate studies.1 
Significant funding to support undergraduate student research in engineering and science is 
provided by the National Science Foundation (NSF) through its Research Experience for 
Undergraduates (REU) program. REU sites generally host between eight and ten students during 
the summer months to conduct research projects within a thematic engineering or science 
research area. The faculty administrators for these sites are often responsible for recruiting 
participants, providing a high-quality research experience, and facilitating workshops to help 
participants develop professional and research skills. When administering a REU program site, it 
may also be suggested, or even required, that a plan be developed to evaluate the effectiveness of 
the site’s programming. Past and present REU administrators have used variety of routes for 
developing their evaluation plans, including: using published engineering education articles to 
develop an evaluation plan or integrating a social-science researcher who can advise on 
evaluation. The role of the social-science researcher can range between that of an external 
evaluator to that of a principal investigator of the REU site. The REU administrator and their 
team then has the option to develop new evaluation tools or modify existing evaluation tools that 
can be provided by colleagues within their discipline or larger groups. Two popular sources for 
survey items available to REU administrators include the University of North Charlotte CISE 
REU Toolkit2 or the Undergraduate Research Student Self-Assessment (URSSA)3. For example, 
URSSA includes survey items that assess gains of skills, research experience, students’ research 
experience (activities, time with mentors, etc.) and career goals.3  
 
This paper summarizes key steps of administrating REU sites (recruiting of participants, etc.) 
and also reports on the development of surveys to track changes to research self-efficacy that 
participants experience during 10-week research experiences. It also highlights best practices that 
emerged from participant exit interviews. The data was collected at a southeastern REU site, 
which had stated goals of assembling and providing a diverse group of undergraduate 
participants with the opportunity to conduct research and engage in professional development 
workshops. These goals are similar to those posted by almost all REU sites.  
 
Recruiting Participants into REU Programs  

The process of contacting potential student participants typically includes a combination of 
methods, including: advertising the program through professional societies’ listservs, contacting 
collaborators who advise undergraduate students, and conducting campus visits to regional four-
year institutions. Recruiting materials provided to applicants normally include both 
programmatic information (stipend amount, length of program, date of program start, etc.) and 
information on the research experience (projects, scopes, mentors, etc.). A prior study of REU 
applicants showed that the students considered the focus of the research project, the 
stipend or compensation, and the date they receive their acceptance and offer as primary factors 
when making their program selection.4,5 Since the offer date is dependent on the faculty 



administrator’s selection timeframe, the date of material distribution and the due-date of the 
applications are also important to assembling a diverse cohort of participants.  
 
Faculty Advisors Recruitment for REU Sites 

The methods by which administrators recruit faculty advisors to mentor the REU participants is 
more divergent between REU sites. For the REU site referenced within this paper, the faculty 
administrator contacted potential faculty advisors to request that they submit a short description 
of an undergraduate research project early in the fall term. At the same time, the potential faculty 
advisors would be asked to indicate if the REU participant would be paired with graduate student 
mentor. The number of faculty members contacted was greater than the number of anticipated 
REU participants, since some of the faculty advisors would have time conflicts preventing 
participation (e.g. sabbaticals, summer travel for conferences, and other research commitments). 
Once the faculty advisors committed, their research projects were uploaded to the application 
site. This allowed the student applicants to make informed selections for project preferences 
when applying. During the offer process, the REU applicant was offered a position to work on a 
specific project, and not just a general offer to participate within the program. Before the official 
start of the program, the faculty administrator hosted a training session for the faculty advisors, 
and associated graduate student mentors, to learn the importance of mentoring, communication 
skills, and other tips-and-tricks. During this session, the faculty advisors were reminded that the 
REU participants would be required to take part in a majority of the professional development 
workshops provided by the REU. 
 
Introduction to Research Self-Efficacy 

Self-efficacy refers to individuals’ beliefs that they can produce desired results, whether the 
desired results are imposed by themselves, or set as expectations.6 Albert Bandura developed the 
theory of self-efficacy, which has shown across numerous studies that people’s beliefs about 
what they can and cannot do are strong predictors of their subsequent behavior.7 Bandura 
proposed that self-efficacy is informed by four sources: mastery experiences, vicarious 
experiences, social persuasion and induction of positive physiological responses. Extrapolating 
from Bandura’s work, mastery experience (participating in research) should lead to 
improvements in students’ beliefs that they can succeed in a research setting (research self-
efficacy).  
 
Prior studies have sought to understand how research self-efficacy impacts the outcomes of 
undergraduate research experiences using self-report surveys. Respondents make their level of 
endorsement to a series of closed-ended statements that typically involve a perception of 
capability in the form of “I have the ability to…”, “I believe I can…”, and “I feel comfortable 
doing…” Our study builds upon Adedokun et al.’s research self-efficacy scale development8 for 
a undergraduate research experience during the academic year. In their study, a post program 
survey was used to probe participant ‘s abilities/confidence in research. Their results indicated 
direct relationships between research skills and research self-efficacy. These researchers also 
found that research skills and self-efficacy were good predictors of career aspirations.8 However, 
the measures used to assess research self-efficacy were not ideal. For example, items such as “I 
have the ability to have a successful career as a researcher,” and “I have a strong interest in 
pursuing a career as a researcher” are reflective of the student’s career goals, but may not reflect 



their beliefs in their current research capabilities. This concern about the quality of self-efficacy 
items for assessing the gains in REU programs was highlighted earlier by Chris Aberson and 
Jenna Barry in their report, “REU Program Evaluation Instrument Phase II: Instrument 
Recommendations”.9 In that report, they made suggestions as to which self-efficacy items might 
be used for undergraduate research experiences. These items were later shared through the 
toolkit for REU administrators assembled by the University of North Carolina Charlotte 
Research Experience for Undergraduates: Socially Relevant Computing 
(http://reu.uncc.edu/toolkit/analysis, Audrey Rorrer).  
 
The current study looked at further adapting items from these prior reports, and creating new 
items when needed, to better understand gains in research self-efficacy during participation in 
summer REU sites. While developing our items, we also looked at qualitative studies, such as 
that by Trenor and Pierrakos10, that examined students’ self-efficacy for future research and 
consulted with REU administrators.  
 
Assessing Research Self-Efficacy 

The Likert-type scale used in this study was a six-item scale to ensure students would not over-
rely on a neutral response category and to provide enough options so that the participants could 
rate their capabilities in sufficiently nuanced ways. Each response was then coded so that 
“strongly disagree” equaled “1” up to “strongly agree” having a value of “6”. Participants 
responded to these items both during the first week of the program (Time Point 1, TP1) and also 
at the end of the program (Time Point 2, TP2).  
 
We initially developed 12 items to assess participants’ perceived capabilities to successfully 
complete various research-related tasks (i.e., research self-efficacy) in the first summer of a 
research program. These items were provided to the first cohort of students (n = 9). Evaluation of 
the participant responses and feedback from the program external evaluator were then used to 
improve the self-efficacy scale by refining and adding new items. This altered scale was then 
given to the second cohort of participants (n = 11). This research self-efficacy scale will be 
further refined as data are gathered across seven summer REU sites. In order to provide more 
rigorous evidence of the items’ validation, we would have need approximately 300 participants.  
 
Analysis of Cohort 1 Responses to Self-Efficacy Items 
Student’s responses to self-efficacy scales were assessed at the item level (e.g., examining mean 
scores across participants’ ratings for each item). A paired sample t-test was then performed on 
the participants’ mean scores at TP1 and TP2. Results, including the two-tailed p value, is 
included in Table 1. The cohort’s self-efficacy ratings at TP1 and TP2 were statistically 
significant for seven questions (p value < 0.05) and this was denoted by an asterisk in Table 1. 
Since the mean pre-assessment research self-efficacy scores were lower than the post-assessment 
scores (only seven were significantly so), the students felt more confident in their research ability 
at the end of the REU experience. The largest gains in self-efficacy across the program were for 
conducting literature reviews, identifying opportunities for external funding (scholarships and 
fellowships), applying to graduate school, and communicating scientific findings through oral 
presentation. In addition, the effect size (Cohen’s d)11,12 was calculated for each item (Table 1). 
This indicates the practical significance of changes for each item between TP1 and TP2. These 
values show that there was not significant overlap between the TP1 and TP2 responses except for 



Item 1 (“document my research in a laboratory notebook”) and Item 2 (“steps to patent 
research”). Focus group interviews conducted by the evaluator confirmed these survey findings 
and pointed to specific REU programming that boosted students’ self-efficacy in these areas.  
 
Table 1: Mean values of Likert scale responses to self-efficacy items by Cohort 1. These self-
efficacy items were developed by the authors, or were modifications of items published 
elsewhere.9,13,14 

 

 
 	
Analysis of Cohort 2 Responses to Self-Efficacy Items 
 
Based on the initial findings from Cohort 1, and through comparison of our scale with other 
research self-efficacy scales previously published or used for internal studies (Dr. K. Findley, 
Colorado School of Mines), we further improved the scale. We modified the survey to include 
items that more clearly communicated the research context. For example, we now utilize the item 
“I can document my research in a laboratory notebook” instead of “I can document my work 
within a laboratory notebook”. We also changed the item “I can perform a literature review” to 
“I am comfortable with reviewing papers relevant to my research” to ensure that “literature 
review” is not being confused with English literature or general scientific literature. The 
modified items are shown in Table 2.  
 
Analysis of the responses of Cohort 2 showed that the mean pre-assessment research self-
efficacy scores were lower than the post-assessment scores. Statistical tests showed that the mean 

Item 
Number Item Item Source

Participants 
Responding 

(n)
TP1 

Mean
TP1 
STD

TP2 
Mean

TP2 
STD

Cohen's 
d

1 I can document my research in a 
laboratory notebook. 9 5.78 0.44 5.89 0.33 0.3466 0.28

2 I can identify the steps to patent 
research. 9 3.78 1.09 3.89 1.17 0.7995 0.10

3 I can perform experiments 
independently.

Mamaril (2016), 
adapted from 

Schreuders 
(2009)

9 4.89 0.60 5.56 0.53 0.0497 * 1.18

4 I can analyze data resulting from 
experiments.

modified from 
Aberson (2009) 9 5.13 1.13 5.75 0.46 0.0492 * 0.73

5 I can find journal papers related to 
my research project.

modified from 
Aberson (2009) 8 5.33 0.87 6.00 0.00 0.0497 * 1.09

6 I can perform a literature review. modified  from 
Aberson (2009) 9 4.11 1.36 5.44 1.01 0.0039 * 1.11

7
I can identify scholarship and 
fellowship opportunities for 

graduate programs in science or 
engineering.

9 4.44 1.13 5.44 0.73 0.0278 * 1.05

8 I can communicate the results of a 
research project in written form.

modified  from 
Aberson (2009) 9 5.00 1.12 5.44 0.53 0.2721 0.51

9
I can communicate the results of a 

research project in an oral 
presentation.

modified  from 
Aberson (2009) 9 4.89 1.36 5.67 0.50 0.0653 0.76

10 I can communicate the results of a 
research project in a poster.

modified  from 
Aberson (2009) 9 5.00 1.12 5.67 0.50 0.0497 * 0.77

11 I can orally communicate the results 
of experiments.

modified from 
Aberson (2009) 9 5.00 1.32 5.67 0.50 0.1114 0.67

12
I can identify how to apply to 

graduate school in engineering or 
science.

9 4.78 0.67 5.67 0.71 0.0092 * 1.29

p



scores for 13 items were statistically higher at TP2 (Table 2). Cohen’s d showed that there was 
not significant overlap between the TP1 and TP2 responses except for item 5 (“I can find journal 
papers related to my research project”). 
 
Table 2: Mean values of Likert scale responses to self-efficacy items by Cohort 2.  
 

 

Item 
Number Item Changes/ 

Item Source
Participants 
Responding 

(n)
TP1 

Mean
TP1 
STD

TP2 
Mean

TP2 
STD

Cohen's 
d

1b I can document my research in a 
research laboratory notebook. modified 11 5.00 0.77 5.82 0.40 0.0011 * 1.32

2b I can identify the steps to patent research 
findings. modified 11 2.91 1.45 4.36 1.21 0.0145 * 1.09

3b I can perform research experiments 
independently.  modified 11 4.55 1.04 5.45 0.52 0.0016 * 1.11

4b I can analyze data resulting from 
research experiments. modified 11 4.82 0.87 5.36 0.67 0.0816 0.70

5  I can find journal papers related to my 
research project.  11 5.55 0.82 5.73 0.65 0.4405 0.25

6b I can perform a literature review on 
prior research in my field.  modified 11 4.64 1.43 5.64 0.92 0.0187 * 0.83

7
I can identify scholarship and fellowship 
opportunities for graduate programs in 

science or engineering.
11 4.27 1.27 5.64 0.67 0.0077 * 1.34

8 I can communicate the results of a 
research project in written form. 11 5.09 0.83 5.64 0.50 0.0519 0.79

9 I can communicate the results of a 
research project in an oral presentation. 11 5.09 0.83 5.64 0.67 0.0061 * 0.72

10 I can communicate the results of a 
research project in an poster.  11 5.27 0.79 5.82 0.40 0.0519 0.87

11 I can orally communicate the results of 
experiments. 11 5.09 0.83 5.82 0.40 0.0119 * 1.11

12 I can identify how to apply to graduate 
school in engineering or science. 11 4.27 1.27 5.64 0.67 0.0038 * 1.34

13 I can collect data from experiments.  
modified item 
from Aberson 

2009 
11 5.27 0.65 5.82 0.40 0.0251 * 1.01

14 I can develop research methodology to 
address my research topic.

 Findley 2015 
Internal 
Report

11 4.73 0.90 5.27 0.79 0.1399 0.64

15 I can formulate a hypothesis or objective 
for a research project.   

modified item 
from Aberson 

2009 
11 4.55 0.69 5.64 0.50 0.0014 * 1.81

16 I have the ability to have a successful 
career as a researcher.  added 11 4.64 0.81 5.27 0.90 0.0455 * 0.74

17 I can discuss research at a professional 
meeting or conference.  

item from 
Aberson 2009 11 4.73 0.79 5.45 0.82 0.0236 * 0.91

18 I can discuss research with professors.  item from 
Aberson 2009 11 5.45 0.69 5.64 0.50 0.3409 0.30

19 I can discuss research with graduate 
students.

item from 
Aberson 2009 11 5.55 0.69 5.73 0.47 0.3409 0.31

20 I can discuss research with other 
undergraduate students.  

modified item 
from Aberson 

2009
11 5.73 0.47 5.91 0.30 0.1669 0.46

21 I can work with others to investigate a 
research project.  

item from 
Aberson 2009 11 5.64 0.67 6.00 0.00 0.1039 0.76

22 I can statistically analyze data.  item from 
Aberson 2009 11 4.55 1.13 5.18 0.87 0.0669 0.63

23 I can design an experimental test of a 
solution to a research problem.  

modified item 
from Aberson 

2009
11 4.36 1.12 5.09 0.83 0.0236 * 0.74

p



 
Insight from comparison of Self-Efficacy Responses to Additional Data 
 
It should be noted that many of the activities that participants take part in during the summer 
REU program had been experienced by them before. Table 3 summarizes examples of activities 
that the students have experienced prior to arriving onsite during Cohort 2. It shows that 10 out 
of the 11 participants had experience finding and reading journal articles for research prior to 
arrival. However, these REU participants highlighted in open-ended responses that programming 
related to reading journal articles strengthened their skills. Participant 1 noted , 

“The talks regarding reading research papers were particularly useful as the 10 weeks 
went on. I was reading a lot more than I used to read back at my university and all those 
tips were quite helpful.”  

Another wrote  

“I think the 'best practices for reading literature' seminar was really helpful because it 
helped expose me to some new techniques and resources I had never used. I now prefer 
webofknowledge.com to google scholar.” 

 

Table 3: Before coming to the REU site, the participants have previously completed many of the 
research activities. This table shows the frequency of exposure for the participants in the second 
cohort (n = 11).  

 

  

Discussed research with other undergraduate students.  11
Found journal papers related to a research project.  10
Discussed research with professors.  10
Read engineering and science research literature (e.g. journal 
articles). 10
Perform research experiments 9
Collected data from experiments.  9
Analyzed data from research experiments. 9
Wrote a report about your research results from a project. 8
Used research laboratory notebook. 7
Gave an oral presentation on your own research project.  7
Worked with a team on a research project.  7
Statistically analyzed data.  6
Designed the steps in a research project.  5
Identified a hypothesis or objective for a research project.   5
Presented a research poster.  5
Discussed research with graduate students. 5
Identified scholarship and fellowship opportunities for graduate 
programs in science or engineering. 4
Discussed research at a professional meeting or conference.  2
Designed experimental test of a solution to a research problem.  2
Filed a patent. 0

Which of the following things have you previously done before coming to the 
REU program?  Select all that apply.



 
Future Work and Reflections on Best Practices 

REU programs have the ability to positively impact the research self-efficacy of students within 
STEM undergraduate programs. While more work needs to be done to examine how the quality 
of programming influence the student experience and their research self-efficacy, the authors 
also acknowledge that there is a lack of information on how to administer programs in the 
literature. Reflecting this work and from conversations with program administrators at multiple 
REU sites, three best practices emerged: 

• Program administrators should provide mentoring for research skills or activities that 
students have already experienced on their home campus. Revisiting skills such as 
journal article analysis and laboratory notebook maintenance will allow students to 
sharpen their skills and gain confidence.  

• While most students have worked with faculty prior to coming to an REU, few of these 
students have worked directly with a graduate student. By planning for a graduate student 
mentor in addition to a faculty mentor, the REU student will have the opportunity to learn 
more about the process to apply to graduate school and to ‘see’ what it is like to be a 
graduate student.  

• An orientation for faculty advisors and graduate mentors should be implemented. These 
meetings allowed the program manager to remind the faculty and graduate students that 
the purpose of the program was to provide opportunities to conduct research, increase 
student’s technical content knowledge, and also provide students with the knowledge, 
skills and social networks to decrease barriers when appling to graduate school. Graduate 
students were encouraged to talk to students informally about their experiences applying 
to graduate programs and their own experiences within their graduate program.  
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