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Abstract

Few studies have investigated the factors that impact the decisions of undergraduate students to pursue or not pursue graduate studies, or their attitudes toward graduate studies, which could be an important factor in undergraduate engineering students’ decisions of whether or not to pursue graduate studies.  Research opportunities for undergraduates in the United States have expanded over the past several years with the initiation of federally funded programs such as Research Experiences for Undergraduates and the Ronald E. McNair Post-baccalaureate Achievement Program.  Over the last five year, New Jersey has hosted several REUs and the McNair Program.  Although the programs include students from other scientific disciplines, a majority of the students who participate in these programs are engineering majors.  As part of the effort to evaluate the effectiveness of these programs, the Attitudes toward Graduate Studies Survey was developed to measure the impact of the research experience on students’ attitudes towards pursuing graduate studies, especially a Ph.D.  The Attitudes toward Graduate Studies Survey uses attitudinal scales to measure undergraduate engineering students’ attitudes toward graduate studies, their engineering skills self-efficacy, and their level of school-related self-confidence.  Preliminary results indicated that students who participated in the research programs showed increased attitudes from the beginning to the end of their programs and had significantly higher attitudes toward graduate studies than students who did not participate in the programs.  Because the number of students who attend this program is small, data across all five years have been combined to examine changes in students’ attitudes toward graduate studies from the beginning to the end of their program.  An alumni version of the survey has also been sent to program participants to form a picture of students’ attitudes toward graduate studies in the years immediately following graduation.         
1.
Introduction
The shortage of engineers in the workforce continues to be a problem [1] and much research has been done to develop solutions to the problem [2-3].  One approach has been to determine how the presence of engineering can be increased in K-12 school curriculum because research has shown that most students lack basic knowledge about what engineering is what engineers actually do [4].  Research has also shown that many students develop negative attitudes towards engineers and the field of engineering.  Thus, recently greater attention has been given to studies of attitudes toward engineering and knowledge of engineering and engineering careers in an effort to steer more students into undergraduate engineering programs [5-6].  The factors that influence student choice of attending college, which college and career path have also been studied.  However, few recent studies have been found regarding factors that impact the decisions of undergraduate students to pursue or not pursue graduate studies, or their attitudes toward graduate studies, which could be an important factor in undergraduate engineering students’ decisions of whether or not to pursue graduate studies.  Graduate work, especially the Ph.D., requires extensive research, a skill not often emphasized in undergraduate engineering programs.  
Huston and Burnet [7] reported on a survey of senior engineering students who were asked to give reasons for why they were or were not planning to begin graduate studies.  Primary reasons for not pursuing graduate studies were the desire to get some practical experience first, tired of going to school, and high starting salaries for B.S. degree engineers but the authors did recommend providing opportunities and encouragement to undergraduate engineering students to obtain research experiences.  Research opportunities for undergraduates have expanded over the past several years with the initiation of federally funded programs such as Research Experiences for Undergraduates (REU) and the Ronald E. McNair Achievement Program. During each of the last two years, New Jersey Institute of Technology (NJIT) has hosted two separate REUs as well as a McNair Program. As part of the effort to evaluate the effectiveness of these programs, the Attitudes toward Graduate Studies Survey (AGSS) [8] was developed to measure the impact of the research experience on students’ attitudes towards pursuing graduate studies, especially a Ph.D. The survey uses attitudinal scales to measure undergraduate engineering students’ attitudes toward graduate studies, their engineering skills self-efficacy, and their level of school-related self-confidence. 

2.
Development of the Attitudes toward Graduate Studies Survey

The Attitudes toward Graduate Studies Survey was modeled after the Attitudes to Engineering Survey [9-10]. Students are asked to indicate the degree to which they agree or disagree with a total of 30 statements about careers in engineering, the benefits and or disadvantages of graduate studies, their desire to pursue graduate studies and the obstacles students face in pursuing advanced degrees. Agreement is measured on a five-point scale where 1 indicates strong disagreement and 5 indicates strong agreement. Most statements are phrased positively such that agreement is desirable but some statements are phrased negatively and disagreement is desirable. For example, one item states “The research requirements necessary to complete a graduate degree are undesirable”. For the overall scoring of the survey, responses to the negatively phrased items are reversed so that higher average scores reflect more positive attitudes toward graduate studies.  

Engineering students participating in REU programs at NJIT completed the Attitudes to Graduate Studies at the beginning and end of the program to evaluate the impact of the research experience on their attitudes toward pursuing graduate studies [8].  The survey was also given to a small heterogeneous sample of other engineering students at NJIT and students in REU programs at other universities in addition to the students in the REU programs and the McNair program at NJIT [11]. Students in the research programs were found to have significantly more positive attitudes toward graduate studies than the other engineering students.  Some significant differences were also found between male and female students.  The survey was revised based on preliminary evaluations of the psychometric properties and given to a larger control group of other engineering students to more adequately examine the psychometric properties [12]. 
Responses to the survey were subjected to a principal component factor analysis and the results were similar to the preliminary analysis in that six subscales were identified even though the items that loaded on each subscale were slightly different because the survey was revised.  The six subscales that emerged accounted for 57% of the variance: 1) benefits of graduate studies (e.g., The research requirements for a graduate degree would be beneficial for a career in engineering), 2) negatives of graduate studies (e.g., The benefits of pursuing a graduate degree are not worth the effort), 3) engineering skills (e.g., I have good problem solving skills), 4) personal goals and desire (e.g. If I were to complete a Ph.D. I would consider becoming a professor), 5) obstacles (e.g., The financial costs of attending graduate school may prevent me from pursuing an advanced degree), and 6) gender equity (e.g., To be successful, it is more important for women to attend graduate school than for men).  Cronbach’s alpha was calculated to determine the internal consistency of each subscale.  Internal consistency for all 30 items (Total scale) was found to be .76 and ranged from .63 to .78 for the six subscales (benefits of graduate studies, .72; negatives of graduate studies, .78; engineering skills, .68; personal goals and desire, .63; obstacles, .72; gender equity, .70). 

3.
Methodology
Continued use of the Attitudes to Graduate Studies Survey as a measure of students’ attitudes toward and likelihood of attending graduate school before and after participating in the Ronald E. McNair Achievement Program (McNair) has provided a larger sample of undergraduate students to help evaluate the effectiveness of the McNair research program.  More data will be collected from the students selected to attend the McNair program during the summer of 2011 and the AGSS has been sent out to alumni of the program from previous summers.  
4.
Results

4.1
Overall Attitudes to Graduate Studies in Engineering
In general, most students (83%) agreed they decided to study engineering because it would lead to an interesting career and 54% (49% of females and 56% of males) agreed they would like to continue their education by pursuing a graduate degree in the same area as their undergraduate major.  Almost 25% (27% of females and 24% of males) indicated they had decided to apply to a Ph.D. program while another 38% indicated that they would like to complete a Masters degree but not a Ph.D. (42% of females and 36% of males).  Although almost 30% indicated they did not think that they had the endurance to attend school for at least another five year to complete a Ph.D. program one would still expect more engineering students to be enrolling in graduate engineering programs. 
But more than half of the students surveyed indicated that pursuing a graduate degree in a field different from your undergraduate major is a good way to expand your career options.  Often Bio-medical engineering students indicate they want to go to medical school.  Others indicate they want to go into patent law.  A large majority (34%) also agreed that people should work for a couple years in their field before pursuing graduate degrees. Perhaps this is an indication that once students get a job they either like their jobs or enjoy the high salaries enough that they never return to school because almost 60% agreed that one of the reasons they originally decided to study engineering was they thought they could make more money than in many other fields.  

Almost 85% of the students indicated that the research requirements for a graduate degree would be beneficial for a career in engineering but at the same time they admitted the research requirements necessary to complete a graduate degree were undesirable to them.  Another troubling fact is that while most students will agree they are confident in their ability to pursue graduate studies only a small percentage think that they will have the skills necessary to begin a Ph.D. program by the time they complete their undergraduate degree.  One conclusion is that even though students feel confident in their own academic abilities they do not feel confident enough about their research skill to complete a Ph.D. program, making research programs such as REU’s and the McNair program necessary as they introduce students to research methodologies and other related skills.  
4.2
Differences between the Male and Female Students
The average responses to the total scale and the six subscales from male and female students have been compared using two-sample independent t-tests and the only significant difference found is for the gender equity subscale comprised of three items “Women are more likely to be accepted into competitive graduate programs than men of similar ability”, “Women can succeed in engineering as easily as men of similar ability” and “To be successful, it is more important for women to attend graduate school than for men”.  Female students agree more strongly that “Women can succeed in engineering as easily as men of similar ability” (mean = 4.3 for females and 3.9 for males) and “To be successful, it is more important for women to attend graduate school than for men” (mean = 2.9 for females and 2.3 for males).  Male students more strongly agree that “Women are more likely to be accepted into competitive graduate programs than men of similar ability” (mean = 3.3 for males and 2.8 for females).  From this it appears that most female students feel they are equal to male students and are being evaluated equally while male students do not think women are equal even thought they feel women are accepted more often into competitive graduate programs.    

4.2

Differences between Students who attended an Undergraduate Research 
             Experience and other Engineering Students   
Summer research programs such as REUs and the McNair programs are intended to prepare students for graduate studies by teaching many of the necessary skills, but primarily research.  Students work in research laboratories throughout the summer, interacting with faculty mentors and graduate students, learning hands-on how to do research, receive help in resume writing, interview skills and graduate school applications. Students are required to make a presentation of their experience and participation in a conference style, poster session.  

Overall Attitudes toward Graduate Studies scores were calculated for all the students who participated in one of the undergraduate research programs during the past five summers.  Students’ attitudes toward graduate studies became more positive from the beginning to the end of the programs.  Paired t-tests found significant increases in the total scale (mean = 3.7 in the beginning to 4.0 at the end) (t62 = 1.69, p=.05) but only one of the subscales, the gender equity subscale (mean = 3.3 in the beginning to 3.9 at the end) (t62 = 2.15, p<.05).  Further examination of some of the individual items on the survey found that students’ responses to the item “By the time I complete my undergraduate degree program, I will have the skills necessary to complete a Ph.D. program” increased from an average of 3.2 at the beginning to an average of 3.8 at the end.  Also average responses to “The benefits of pursuing a graduate degree are not worth the effort” decreased from an average of 2.2 at the beginning to an average of 1.7 at the end.  Students also appear more confident in their “ability to pursue graduate studies in engineering” as the average scores increased from 3.8 to 4.3.  About 20% of the students indicated that participating in their respective program changed their mind about attending graduate school although not all intended to apply right away. 

5.
Discussion and Conclusion

Their Attitudes toward Graduate Studies appear to be an important factor in undergraduate engineering students’ decisions of whether or not to pursue graduate studies in engineering. The Attitudes toward Graduate Studies Survey initially developed to help evaluate the effectiveness of Undergraduate Research Experiences such as the McNair program has been found to be a useful tool in collecting information about students’ decisions to pursue or not pursue graduate studies.  Over the past few years, less than 25% of the students who responded to the AGSS indicated they were considering advanced graduate studies in engineering.  Many students expressed financial concerns or a desire to get out into the world and gain experience.

Many students felt that they were not adequately prepared to pursue an advanced degree, particularly a PhD.  Students who participated in a summer research programs appeared more confident in their abilities and felt more prepared for graduate studies at the end of the program than they did before beginning the program. Further research is necessary to determine why students do not feel they are prepared for graduate studies.  Female students appear to see themselves as more capable than the male students perceive them to be. Male students seemed to think it is more important for female students to attend graduate school to be successful and that female students are more likely to be accepted into competitive graduate programs. Future research on engineering students’ attitudes to graduate studies should include a more in-depth examination of the differences between male and female students.      

An alumni version of the survey for students who have completed their undergraduate degree in engineering has been developed to begin collecting information about what students actually do after graduation, how working or attending graduate school may affect students attitudes, and how their attitudes toward graduate studies may be different from students who have not yet graduated.  The alumni version of the AGSS has been sent out to all students who participated in the McNair program or any of the REU programs at NJIT but only a few have been returned.  A follow-up will be conducted to inspire those students who have not yet responded to do so.  The alumni version of the survey will also be sent out to a random sample of alumni who did not participate in one of the summer research programs for comparison purposes.       

6.
Acknowledgements

The Attitudes toward Graduate Studies survey is based on work supported by the National Science Foundation under Grant No. 0552483. Any opinions, findings, and conclusions or recommendations expressed in this paper are those of the authors and do not necessarily reflect the views of the National Science Foundation.

References 
1. National Science Board. Science and engineering indicators 2010, Arlington, VA: National     Science Foundation, 2010 (NSB-00-1).
2. American Society of Engineering Education.  Engineering Education and the Science &     Engineering Workforce.  Public Policy Internet Website.  http://www.asee.org.  
3. Kimmel, H., Carpinelli, J., Burr-Alexander, L., and Rockland, R. “Bringing Engineering into K-12 Schools: A Problem Looking for Solutions?”  Proceedings of the 2006 ASEE Annual Conference, Chicago, IL, June 2006. 
4. Kimmel, H, and Rockland, R (2002). “Incorporation of Pre-Engineering Lessons into Secondary Science Classrooms”.  Proceedings of the 32nd ASEE/IEEE Frontiers in Education Conference, Boston, MA, November 2002. 
5. Carpinelli, J., Burr-Alexander, L., Hanesian, D.,  Kimmel, H., Sodhi, R. (2004). “The Pre-Engineering Instructional and Outreach Program at the New Jersey Institute of Technology”.  Proceedings of the International Conference on Engineering Education, Gainesville, FL, October 2004. 
6. Gibbons, S., J., Hirsch, L., S., Kimmel, H., Rockland, R. and Bloom, J.  (2003). “Counselors Attitudes and Knowledge about Engineering”, Proceedings of the 2003 International Conference on Engineering Education, Valencia, Spain.

7. Huston, J.C. and Burnet, G. (1982).  “Iowa State University Senior Engineering Student Attitudes about Graduate Study”, Proceedings of the 1982 Frontiers in Education Conference, Columbia, SC.
8. Carpinelli, J. D., Hirsch, L., S., Kimmel, H., Perna, A., J., & Rockland, R. (2007).  “A Survey to Measure Undergraduate Engineering Students’ Attitudes toward Graduate Studies”, Paper presented at the International Conference on Engineering Education, Honolulu, HI. 
9. Gibbons, S., J., Hirsch, L., S., Kimmel, H., Rockland, R. and Bloom, J.  (2004). “Middle School Students Attitudes to and Knowledge About Engineering”.  Proceedings of the 2004 International Conference on Engineering Education, Gainesville, FL, October 2004. 
10. Hirsch, L., S., Gibbons, S., J., Kimmel, H., Rockland, R. and Bloom, J.  (2003). “High School Students Attitudes to and Knowledge About Engineering”.  Proceedings of the 33rd ASEE/IEEE Frontiers in Education Conference, Boulder, CO, November 2003.
11. Hirsch, L., S., Carpinelli, J. D., Kimmel, H., Perna, A., and Narh, K. (2009).  “Measuring the Impact of Undergraduate Research Programs on Engineering Students’ Attitudes toward Graduate Studies”. Proceedings of the 2009 ASEE Annual Conference, Austin, TX,. June 2009.
12. Hirsch, L., S., Carpinelli, J. D., Kimmel, H., and Perna, A. (2008).  “Measuring Engineering Students’ Attitudes towards Graduate Studies”. Presented at the American Educational Research Association 2008 Annual Meeting. New York, NY, 2008.































