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Overview
· The purpose of this study was to identify factors that contribute to the flow of individuals selecting scientific, engineering and related post-secondary educational pathways and that ultimately impact on whether they attain an occupation that is also in a scientific, engineering or related career.
· In this analysis, we refer to STEMM as Scientific, Technological, Engineering, Mathematics, and/or Medical careers.
· Within the broad realm of STEMM occupations and professions, it is useful to distinguish between full or professional STEMM occupations and more technical STEMM support positions.  

· STEMM Support careers are defined for the purposes of this study as occupations that can generally be entered from a two-year post-secondary degree program.   
· This study uses a longitudinal sample of individuals who are now working age adults in order to evaluate what secondary and post-secondary factors may influence their selection into  a STEMM-support career.
· The Longitudinal Study of American Youth (LSAY) offers the opportunity to evaluate the growth of student interest and competence in science and mathematics during the middle school, high school, and college years. In 1987, initial samples of approximately 3,000 7th grade students and 3,000 10th grade students were selected from a probability sample of 120 public schools in 23 states. 
· In addition to focusing on predicting entry into STEMM Support careers as opposed to STEMM Professional careers, this study extends previous research that has used LSAY sample by using social cognitive career theory (SCCT; Lent, Brown & Hackett, 1994, 2000) to describe the variables and examine the results.  
Overview of  Social Cognitive Career Theory (SCCT)
· SCCT is an empirically derived model of career choice that was derived from Bandura’s (1986) social cognitive theory. 
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· Essentially, the model proposes that individual’s career self-efficacy and outcome expectations impact the direction of one’s career choices.  
· Self-efficacy refers to one’s belief in their ability to perform the skills associated with a given occupation and outcome expectations refer to whether the person perceives that selecting a given occupation is likely to result in positive, desirable outcomes.  
· SCCT hypothesizes that background characteristics and experiences impact on the development of self-efficacy and outcome expectations through their impact on learning experiences.  Self-efficacy and outcome expectations result in performance accomplishments and attaining a specific career through their direct impact on career interests which in turn impacts career intentions and career actions, respectively.  
Definition of the Variables 
· Using SCCT, the variables in the study were defined in the following way:
· Person inputs refer to background characteristics that may influence career development such as parent background, gender and abilities.  
· Contextual affordances (Astin, 1984; Vondracek, Lerner & Schulenberg, 1986) refer to the degree that individuals are being encouraged and directed toward learning opportunities related to STEMM careers.  
· Learning experiences are the skill building opportunities individuals receive that produce an individual’s self-efficacy and outcome expectations beliefs – beliefs that they possess the competence to perform the skills associated with a range of careers and beliefs about the manner in which different careers will support desired goals.  
· Career interests are the aspirational career ideas an individual has about what careers they would like to pursue. 
· Choice goals relate to one’s stated intentions to pursue a given career and choice actions are the behaviors that are aligned with those intentions.  
· Finally, performance accomplishments and attainment refer to whether an individual has made a significant performance or achieved an important milestone leading to a given career and attainment is the indicator that an individual has successfully entered a given career.  
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Model Being Tested and Sample Characteristics
· Decisions on where to place the variables in the model were determined based on when the information was gathered and/or SCCT theory with respect to how the variables should relate to one another.  
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· The sample for this study consists of the 2,658 participants who completed the 2007 survey for the LSAY, after a 14-year gap in data collection. 
·  Miller (2010) found that approximately 7 percent of the LSAY participants are currently+ employed in STEMM support positions, with 4.5 percent in a health-related position, and 2.4 percent in other SEMM support positions.
 Educational Pathways for Entering STEMM Professional versus STEMM Support Careers
·  Enrollment in algebra in the 8th grade has been found to be a major predictor of employment in a STEMM field. While 40 percent of those currently employed in a STEMM profession took algebra in the 8th grade, only 11 percent of the health STEMM support and 10 percent of the other STEMM support employees took algebra in the 8th grade. Similarly, while nearly half of the STEMM professionals took calculus while in high school, only 6 percent of individuals in health STEMM support positions and 19 percent of those in other STEMM support positions took calculus in high school.
· Only two percent of the current STEMM professionals intended to end their education before obtaining a baccalaureate degree (see Table 4). In contrast, 31 percent of individuals in other STEMM support positions and 21 percent in health STEMM support positions intended to obtain less than a baccalaureate degree. One-third of the current STEMM professionals planned on obtaining a doctorate or professional degree, while only 23 percent of those in health and 19 percent of those in other STEMM support positions had similar educational aspirations.
· Fully 76 percent of current STEMM professionals planned on a STEMM career while in high school, in contrast to only 41 percent of individuals in other and 38 percent in health STEMM support positions. Half of the individuals currently employed in other STEMM professions did not even intend to be employed in a STEMM support position.
· Consistent with their pre-college plans, the STEMM behaviors of those currently employed in STEMM and STEMM support positions also varies significantly.  Only 5 percent of the STEMM professionals began their post-secondary education at a community college, while 51 percent of the health and 43 percent of the other STEMM support individuals started at a community college. 
· Nearly 90 percent of the current STEMM professionals obtained a baccalaureate degree in a STEMM field, in contrast to 54 percent of those in health and only 14 percent in other STEMM support positions. 
· STEMM professionals also took significantly more science courses, and were significantly more likely to take one or more college calculus course than individuals in either type of STEMM support position.

Structural Equation Model Highlight 1  
Predicting Learning Environment (Algebra) and Contextual Affordances (School)
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· Parents who attained higher education levels was associated with individuals reporting that they received stronger encouragement and support to pursue science and math (β
 = .59).  
· Home related contextual affordances were also associated with level of reading skills (β = .59).   
· Whether a student participated in a learning environment related to an Algebra track was predicted by both reading skills (β = .27) and home-related contextual affordances (β = .51) indicating the likelihood of beginning algebra early was associated with a combination of reading skills and whether parents were encouraging and support math and science. 

Structural Equation Model Highlight 2: Predicting Math and Science Interests 

[image: image5.png]ReadingSkills \B—.)IS

Math/Science
Self-Efficacy

Contextual
Affordances

Math/Science
(School)

Qutcome
Expectations

B=.22

B=.20
Contextual - 15
Affordances B=.





· Math/science self-efficacy was predicted by a combination of reading skills (β = .15) and school-related contextual affordances (β = .23) indicating that individuals confidence for engaging in math and science was associated with their level of reading skills and whether math and science teachers were perceived to be offering an encouraging and supportive environment for learning math and science and pursing math/science careers.   
· Math/science outcome expectations were predicted by school-related contextual affordances (β = .22) indicating that individuals perceptions that math and science would be helpful in supporting their future academic and occupational pursuits was related to being exposed to math and science teachers who encouraged and support the pursuit of math and science.  
· The direct effect of contextual affordances on math/science self-efficacy and outcome expectations was not consistent with SCCT which posits that contextual affordances operates directly through learning experiences.  
· Also unexpected was school-related contextual affordances being directly associated with math interests (β = .11) and home-related contextual affordances being directly associated with science interests (β = .15).  
· Together, these results indicate that math and science encouragement and support from teachers and parents is an important factor in helping individuals become confident and motivated to pursue math and science careers.
Structural Equation Model Highlight 3: 

Predicting 12th Grade Math Performance Accomplishments 
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· Math achievement test scores in the 12th grade were predicted by a combination of five factors: exposure to an algebra-track learning environment (β = .46), home-related contextual affordances (β = .32), parent education (β = .19), math interests (β = .09), and school-related contextual affordances (β = .05).  
· Individuals participating in algebra-track prior to or as they enter high school recorded higher 12th grade math achievement test scores.  Home-related contextual affordances as indicated by parent’s encouragement and support for math and science were also found to predict math achievement test scores.  

· Structural Equation Model Highlight 4: 
Predicting 12th Grade Science Performance Accomplishments 
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· Science achievement test scores in the 12th grade were predicted by a combination of home-related contextual affordances (β = .39), algebra-track related learning environment (β = .31), and math interests (β = .10).

Structural Equation Model Highlight 5: 

Predicting Learning Environment (H.S. Calculus) and Choice Goals (College Plans) 
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· Individuals engaging in high school calculus learning environments was predicted by a combination of math performance accomplishments (β = .40), math interests (β = .18), math/science self-efficacy (β = .14), and parent education (β = .19).    Individuals completing high school calculus were more likely to have recorded higher math achievement test scores, reported being more interested in pursuing math related careers, reported being more confident to perform math and science related activities, and were from families of higher education backgrounds.

· College-related choice goals was predicted by home-related contextual affordances (β = .89) and math/science self-efficacy (β = .11).  This indicates that individuals who reported that they intended to go to college and engage in math/science related career pursuits were more likely to have a home environment that was encouraging and supportive of math/science careers and reported high confidence to perform math and science related activities.

Structural Equation Model Highlight 6: 

Predicting College STEMM Courses and Choice of Entering a Community College 
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· Selection of a college learning environment characterized by science and engineering courses was predicted by the level of choice goals individuals indicated in high school (β = .56).  

· Completing college calculus was a second learning environment that was predicted by both level of choice goals individuals indicated in high school (β = .17) and whether individuals had participated in high school calculus level of choice goals individuals indicated in high school (β = .36).  
· Choice actions related to selecting a community college was predicted by whether individuals completed high school calculus (β = -.32).  More specifically, individuals who completed high school calculus were less likely to enter a community college. 

Structural Equation Model Highlight 7: 

Predicting Completion of a Post-Secondary STEMM Major
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· Completing an undergraduate Bachelor of Science degree was positively predicted by whether individuals had engaged in choice actions related to entering an undergraduate science program (β = .42), participated in college calculus (β = .14) and high school calculus (β = .10).  

· Choosing to enter a community college with the intention of pursing a STEMM major was negatively associated with completing an undergraduate science degree (β = -.05).

· Performance accomplishments associated with completing a health science-related Associates of Arts degree was predicted by whether individuals choice actions were related to choosing to pursue a STEMM major in a community college setting (β = .23).  
· Performance accomplishments associated with completing a science-related Associates of Arts degree that was not health sciences was predicted by individuals choice actions related to choosing to pursue a STEMM major in a community college setting (β = .24) and school-related contextual affordances (β = .15).  
Structural Equation Model Highlight 9: Predicting Attainment of a STEMM Occupation
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· Attainment of a STEMM Health-support occupation was predicted positively by performance accomplishments associated with completing a health sciences Associates of Arts degree (β = .57) or an undergraduate Bachelor of Science degree (β = .43).  

· Individuals who engaged in learning environments associated with completing college calculus were less likely to attain a STEMM Health-support occupation (β = -.16).  
· Attainment of a STEMM Other-support occupation was predicted by performance accomplishments associated with completing an science-related Associates of Arts degree that was not in a health science field (β = .31) and high school performance accomplishments related to receiving higher 12th grade science achievement tests scores (β = .10).  

Structural Equation Model Highlight 9: 

Gender as a Predictor of STEMM-Related Outcomes
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· Being female was associated with recording higher reading scores (β = -.11) whereas being male was associated with higher math/science self-efficacy (β = .15), higher math/science outcome expectations (β = .10), and higher math interests (β = .06).  At the college level, being male was associated with taking more science and engineering courses (β = .10), completing college calculus (β = .08), and attaining a STEMM Other-support occupation (β = .14).
Robustness of the Model
	Variables in Model
	Employed in STEMM Support Position

	
	Health
	Other STEMM

	Student gender (male)
	 .00(.00)
	.15(.02)

	Parent education 
	 .03(.01)
	 .04(.01)

	Parent employment in a STEMM field
	-.05(.02)
	 .00(.00)

	Contextual affordances during high school 
	 .08(.02)
	 .10(.02)

	Student reading ability in high school 
	 .00(.00)
	 .01(.00)

	Student algebra track middle and high school
	 -.01(.00)
	 .03(.01)

	School learning environment during HS
	 .00(.00)
	 .02(.01)

	Math and science self-efficacy during HS
	 .00(.00)
	 .00(.00)

	Math and science output expectation during HS
	 .00(.00)
	 .00(.00)

	Student liked science as a subject in HS
	 .00(.00)
	 .00(.00)

	Student liked mathematics as a subject in HS
	 .00(.00)
	 -.01(.00)

	Student science achievement score, grade 12
	 .00(.00)
	 .10(.02)

	Student math achievement score, grade 12
	 -.01(.01)
	 -.01(.00)

	Student completed calculus course in HS
	 .00(.00)
	 -.02(.01)

	Occupation and career goals in HS
	 .06(.01)
	 .00(.00)

	Student initial enrollment in a community college
	 .11(.02)
	 .07(.02)

	Number of student college calculus courses
	 -.10(.02)
	 .00(.00)

	Number of student college science courses
	 .18(.02)
	 .00(.00)

	Associate’s degree in a health-STEMM field
	 .57(.07)
	 .00(.00)

	Associate’s degree in a non-health STEMM field
	 .00(.00)
	 .31(.08)

	Baccalaureate in a STEMM field
	 .43(.05)
	 .00(.00)

	                                                                                   R2  =
	.51
	.13

	Fit statistics: Degrees of freedom = 282; Chi squares = 3106.2 (p = .00); Root Mean Square Error of Approximation (RMSEA) = .033; 90% confidence interval (RMSEA) = .031; .035; N = 2,658

	Cell entries: .18(.02)  Each cell entry is the total effect for that variable on the outcome variable.

The standard error of each total effect is shown in parentheses.


· Overall, the model accounted for 51 percent of the total variance in current employment in a health-related STEMM support position, but only for 13 percent of the variance in the other STEMM support position. 
· This difference can be explained by the nature of the types of occupations in each category. 
· The health-related STEMM support category is relatively homogeneous, composed of nurses and various medical technologists. 
· In contrast, the other STEMM support category is composed of a wide variety of occupations ranging from computer technicians to electronics technicians to automotive design technicians, positions that involve a wide range of training and interests. 
· The indicators at the bottom of the table indicate the models achieved good fit indices. 
� Standardized path coefficients
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