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Using Research Experiences to Foster Undergraduate Research Skill Development and STEM Career Choice

Introduction
Science, technology, engineering, and math (STEM) occupations have become critical to the continued economic competitiveness of the United States and graduates skilled in STEM areas are in high demand (Carnevale, Smith & Melton, 2011). While a demand for STEM workers exists, fewer students are graduating with STEM expertise than the needs of the current workforce. The percentage of STEM bachelor’s degrees granted has steadily declined from 35% in 1966 to 31% in 2008 (National Science Board, 2012). To address this issue, the [State] Agricultural Experiment Station chose to offer undergraduate students an opportunity to work with faculty members conducting research across a variety of disciplines, with the hope that hands-on experience with the research process would encourage students to engage in science-focused education and enter the workforce with the desire and skills needed to take on STEM focused careers. This study examined the research skills developed and career trajectories chosen by graduates of the program currently out in the workforce to assess the influence of the research internship on research skill development and career choice.

Theoretical framework
The theoretical framework for this study was experiential learning theory (Kolb, 1984). Experiential learning theory is an “orientation toward teaching and learning that values and encourages linkages between concrete educative activities and abstract lessons to maximize learning” (Warren, 1995, p. 239). Experiential learning environments encourage students to directly apply what they are learning and then generalize the information outside the learning environment (Beard & Wilson, 2006; Lamm et al., 2011). Since experiential learning theory emphasizes the importance of personal experience in future engagement (Baker, Robinson & Kolb, 2003; Kolb, 1984; Roberts, 2006), it is expected that direct engagement in a research experience would encourage students to think about using research outside of school, perhaps fostering efficacy to engage in a STEM focused career.

Methods
A researcher designed survey instrument asked research intern program alumni to identify the research skills they developed during the program, describe their career path after graduation, and provide details of their current employment status. To identify the research skills respondents’ developed during the program Bauer and Bennett’s (2003) undergraduate skills and abilities scale was adapted to a retrospective pre/posttest design requesting respondents to identify their level of competence with specific research oriented skills on a 5-point Likert type scale. Open-ended questions were used to collect respondents’ descriptions of career paths after graduation. A panel of experts reviewed the instrument for reliability and validity purposes.

Program alumni records were used to match past participants to current [University] Alumni Association members. The survey was distributed through the mail using Dillman, Smyth, and Christian’s (2009) Tailored Design Method including a pre-notice, the mailed survey instrument and two reminders. Three hundred and seventy alumni were contacted and 142 responded resulting in a 38% response rate. Demographic characteristics of respondents were compared to the entire alumni group and found to be non-significant; therefore the respondents were found to be representative. Descriptive statistics and dependent sample t-tests were used to analyze the quantitative data. Open-ended responses were grouped into categories by the researchers.

Results
All 19 of the research-related skills examined demonstrated statistically significant (p ≤ .01) positive change when comparing the reported competence levels before and after participating in the research internship. The most highly affected skills were “carry out research” (ΔM = 1.43) followed by “know literature or merit in the field” (ΔM = 1.11). Other key skills with high levels of change included skills related to critical and logical thinking and the ability to synthesize information. The top seven skills can be seen in Table 1.

Table 1
Top Skills Improved Upon During the Internship Experience
	Activity
	N
	M Before
	M After
	∆M (SD)

	Carry out research
	139
	2.73
	4.16
	1.43 (.88)**

	Know literature of merit in field
	137
	2.72
	3.82
	1.11 (.91)**

	Understand scientific findings
	139
	3.24
	4.24
	.99 (.78)**

	Analyze literature critically
	138
	2.87
	3.78
	.91 (.88)**

	Synthesize and use information from diverse sources
	139
	3.44
	4.21
	.77 (.74)**

	Develop intellectual curiosity
	136
	3.67
	4.43
	.76 (.75)**

	Think logically about complex material
	139
	3.58
	4.28
	.71 (.75)**


Note: **= p ≤ .01. Scale: 1 = no competence, 2 = low competence, 3 = somewhat competent, 4 = competent, 5 = highly competent.

Sixty-four percent of the respondents attended graduate school and 69% percent of the respondents reported they were currently working in a science-related field. The most common employers of respondents were universities (n = 26), Government (n = 18) and medical companies/hospitals (n = 11). The most common job titles included being a current student (n = 19), technician/scientist (n = 14), teacher/instructor/professor (n = 10), and medical doctor/clinician/nurse (n = 9). 
Conclusions
The results demonstrated that hands-on research experiences at the undergraduate level improved the participants’ self-reported research-related skillset. This finding supports the notion that learning environments offering direct contact with, and applicability of, research concepts will encourage deeper learning and transfer of skills (Beard & Wilson, 2006; Lamm et al., 2011). In addition, while career choices cannot be directly associated with participation, a large majority of the research intern participants chose to work in a science-related field after graduation.

Implications and Recommendations 
These findings imply that agricultural educators should encourage their students to engage in hands-on research experiences to foster efficacy in the development of research-related skills, especially in STEM. To further understand the impact of research internships on future career trajectory, a study should be conducted that uses a control group of students similar to the research intern participants but not engaged in an internship, so that findings related to research skill growth and future career choices could be compared.
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