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Purpose and Overview of the Research. The goal of this research was to identify the individual difference traits and STEM-related experiences that predict pursuit of academic training in STEM. The study, funded through an ADVANCE mini-grant, titled Predictors of Majoring in Science and Engineering (Beier, M. E., PI), is a longitudinal two-year study spanning from Fall, 2007 through Spring 2009.  The purpose of the study was to examine both person (e.g., gender, ability, self-confidence) and situational components (e.g., specific experiences in STEM classes) that influence the decision to major in STEM disciplines. Data have been collected on a number of dimensions including attitudinal, demographic, and academic performance. 
To date, data collected through Year 1 have been analyzed. However, because data collection has just been completed for Year 2 (and academic transcripts for Year 2 will not be available until June, 2009), Year 2 data have not yet been analyzed. The progress report submitted in April, 2008 focused on data from Fall, 2007. The current report is an update to that report, and focuses on our work this year including: data entry of transcript information for Year 1, data analysis for Spring, 2008, and data collection for Year 2 (Fall, 2008 and Spring, 2009). 
The study was framed in Eccles’ (1994) theory of the predictors of achievement related choices. Relative to STEM, this theory would predict that experiences in STEM will lead to changes in how students value STEM, which, in turn would lead to changes in STEM performance and commitment. Although many variables were collected as part of this research, this report will focus on the following variables: STEM experiences, STEM subjective value, STEM GPA, and STEM commitment. 

Method. 
Participants. First year students entering Rice University during Fall, 2007 who had indicated an interest in majoring in STEM disciplines on their applications were the sample for this study. Students were contacted via email during the first week of classes in Fall 2007 and invited to participate in the study. Data were collected over five time-points via on-line questionnaires with both Likert-type items and items requiring open-ended responses (these have not been coded yet). Time 1 (T1) data were collected during the first week of classes, Fall semester, 2007; Time 2 (T2) data were collected during the last week of classes Fall semester, 2007; Time 3 (T3) data were collected during the last week of classes, Spring semester, 2008; Time 4 (T4) data were collected during the last week of classes, Fall semester, 2008; and Time 5 (T5) data were collected during the last week of the semester, Spring, 2009. Participants also signed a consent form to release their academic transcripts at the end of the first and second year. For each year, students participating in all waves of data collection and providing release of their academic transcript were compensated $50. 
Table 1 provides information about the sample through all five waves of data collection. One-hundred and sixty first-year students responded to the initial invitation at the beginning of the fall semester and completed the survey at T1. All had been accepted to either the College of Engineering or College of Natural Sciences, and the most frequently mentioned intended majors were bioengineering, biochemistry, mechanical engineering, chemical engineering, physics, and electrical engineering. Of these students, 131 (82% retention; 81 men, 50 women) participated in T2 and 127 (80 men and 47 women) participated in T3. During Year 2, 104 of the initial participants completed the survey at the end of Fall, 2008 and 103 of them completed all waves of data collection (through Spring, 2009). 
Table 1 

Participants at each wave by gender and race.



Total
Male
Female
African-
Asian 
Caucasian
 Hispanic
Native 






American



American

Initial Sample
160
103
57
7
65
65
22
1

Fall 2007
133
83
50
3
52
59
18
1

Spring 2008
127
80
47
3
49
56
18
1

Fall 2008
104
67
37
3
41
43
16
1

Spring 2009
103
66
37
3
40
43
16
1

At the conclusion of each survey, students were asked whether or not they intended to continue to pursue STEM as a major. At the end of Year 1, 10 of the 160 students indicated that they would not continue in STEM. Of these, five were female (50%). At the end of Year 2, twelve additional students indicated that they were no longer planning to pursue STEM. Of these, 7 were female (58%).

Measures. Our outcome variables of interest were STEM GPA (collected through transcripts), and Commitment Intention, measured by a three item scale created for this study. Items for Commitment Intention were: “I am committed to studying this major,” “I am considering pursuing graduate school in this field of study,” and “I am considering careers closely related to this field of study.” We operationalized STEM experiences by developing a questionnaire based on qualitative research by Seymour (1995). Our measure of experiences was developed and factored into two poles: Positive Experiences (α=.71 and .76 for two waves of data collection in Year 1) and Negative Experiences (α = .81 to .86). Positive experiences included items such as: “I participated in a peer study group for my STEM classes,” and “Friends and family were supportive of my STEM coursework.” Negative experiences included “I questioned my long-term goals involving STEM” and “I felt like I did not fit the culture of STEM courses.” 

Subjective value of STEM was assessed with a measure created for this study based on work by Eccles (1994), who identified four facets to subjective value as follows: (a) attainment value (α = .71 to .77), (b) intrinsic value (α=.74 to .88), (c) utility value (α = .51 to .76) and, (d) relative cost (α = .52 to .67). Attainment value refers to the student’s self-concept in STEM – that is, how much the student considers him or her self to be oriented to STEM (e.g., “I consider myself to be someone who does well in STEM:”). Intrinsic value refers to the enjoyment the student gets from participating in STEM courses (e.g., “I derive more satisfaction from STEM courses than any other courses.”). Utility value is the value of STEM for achievement of a future goal (e.g., “Getting a degree in STEM will be important for reaching my long-term career goals.”). Relative cost refers to the cost of majoring in STEM such as sacrificing other interests (e.g., “Doing well in STEM requires me to be focused on STEM at the expense of other subjects that might be interesting to me.”).

Results. The current report focuses on data collected through the first three waves of data collection (through Spring, 2008) in relation to a theoretical model that guides our research (additional variables were collected and will be reported as part of a larger dissemination effort). This current report also includes information on student performance from academic transcripts from Year 1. There were no gender differences in Year 1 Overall GPA (M=3.53, SD = .51 for men and M=3.46, SD = .47 for women), fall STEM GPA (M=3.51, SD = .64 for men and M=3.48, SD = .56 for women), spring STEM GPA (M=3.39, SD = .73 for men and M=3.19, SD = .63 for women), or commitment to STEM major for either semester. During both fall and spring semesters women scored significantly higher on the measure of negative experiences than men. For fall semester M = 28.28, SD = 8.49 for men versus M = 31.98, SD = 8.03 for women, t(125) = 2.47, p < .05. For spring semester M = 29.4, SD = 8.82 for men versus M = 33.77, SD = 8.12 for women, t(125) = 2.97, p < .01. There were no gender differences in reported positive experiences throughout the first year. 
For our subjective value measures, there were no gender differences across the four facets (attainment value, intrinsic value, utility value, and relative cost) after the first semester (Fall, 2007). However, after the second semester, gender differences appeared in both the attainment value and intrinsic value facets (women reporting lower attainment value and intrinsic value than men, r = -.22, p < .05 and r = - .21, p < .05 with women coded as 2 and men coded as 1). There were no significant gender differences for utility value or relative cost during the second semester.
Correlations between the subjective value, experience variables and the outcome variables for spring (Spring STEM GPA and STEM major commitment) are shown in Table 2. The values for subjective value represent Spring 2008 values controlling for Fall 2007 responses (i.e., they represent the change in subjective values during the second semester).
Table 2

Correlations between subjective value, experiences, Spring STEM GPA and STEM commitment.


Attain
Intrinsic
Utility
Cost
Positive
Negative 

1.  Positive 
.43**
.51**
.14
.01

Experiences
2.  Negative 
-.32**
-.38**
-.12
.15
-.26**
Experiences

3.  Spring 
.30**
.16
.21*
.05
.17
-.22*
STEM GPA

4.  STEM 
.00
.08
.09
-.15
.18*
-.24**
Commitment

Note. * p < .05, ** p < .01; Attain – attainment value.
Of note in the table, positive experiences in STEM are positively and significantly related to attainment value and intrinsic value. Negative experiences are negatively related to these values. Negative experiences are significantly negatively related to both outcomes (STEM GPA and STEM Commitment). Positive experiences are also significantly related to major commitment, but not significantly related to STEM GPA.  In terms of the subjective values, none are significantly related to STEM commitment, but attainment value and utility value are positively related to spring STEM GPA. This suggests that students who have a high self-concept in STEM, and also students for whom the study of STEM will lead to an outcome they desire, are better performers relative to those who score lower on these scales.  
Mini Grant Funds Allocation. The majority of the ADVANCE mini-grant funding was used to compensate the undergraduate STEM participants in this study (i.e., we anticipate paying 103 participants $50 each for their participation in Year 2; $5,150 total). An additional $240 was spent on the software permitting questionnaire development and electronic delivery of the surveys.  
Additional funding. No additional funding will be requested.
Next steps and future directions. Extensive data analysis is planned at the conclusion of data collection (after obtaining transcripts for Year 2) to identify the individual and situational factors (and their interaction) that predict commitment to and attrition from STEM majors.  Identifying the predictors of attrition from STEM disciplines permits the design of interventions to inform efforts to reduce attrition from these majors and to better prepare students for these major fields of study. 
Dissemination. Dissemination of the study results has already begun. Two presentations have been given as part of the Industrial and Organizational area Research Symposium at Rice University. Preliminary results have also been presented at a national conference (the Association of Psychology Science, APS). At the completion of all data collection and analysis, additional dissemination is planned on two levels. First, data will be shared internally at Rice University starting with the Dean of Undergraduates, the ADVANCE team (including the ADVANCE Research Seminar and Symposium in November, 2009), and various departments as requested. Second, we will seek out opportunities to share our results with the larger scientific community through journal publications and presentations at national conferences. References to the presentations of year 1 data are below:

Rittmayer, A. D. (2008, January). Commitment and success in STEM majors: Exploring gender, ability, self-efficacy, and experience as predictors. Presentation given at the Department of Psychology, Industrial and Organizational Brown Bag Seminar. 

Rittmayer, A. D. (2009, February). The first year of STEM study: Predictors of performance and commitment. Presentation given at the Department of Psychology, Industrial and Organizational Brown Bag Seminar. 

Rittmayer, A. D., & Beier, M. E. (2008, May). Commitment and success in STEM: Exploring gender, self-efficacy and experiences as predictors. Poster presented at the 20th annual convention of the Association for Psychological Science, Chicago, IL.
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