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Introduction
 
	Over ninety percent of Americans aged 25 and greater have completed high school, and that percentage rises every year. (U.S. Census Bureau 2021) Secondary education policy, which includes high school and other forms of education generally encompassing the ages 13-18, is deeply impactful on the lives and contributions of students because it is often the last level of education students complete before they enter college or the workforce. As policy makers, it is important that we consider how we can improve future generations’ abilities to tackle both the new problems they will face and the ones that they will inherit from us. It is our job to create an educational system that prepares students to succeed, and by doing so, contribute to the continued improvement of our society. This involves equipping them with the skills and knowledge that they will need. This paper attempts to examine an important component of our educational system that I will refer to as STEM education. STEM (which stands for science, technology, engineering, and math) forms the backbone of many of our society’s most important industries, including those focused on developing new technologies for the many novel problems we face today, and will face in the future. However, the education of new STEM contributors is an often tough and long process because STEM jobs tend to require highly developed analytical and technical skills. To be prepared for many important STEM jobs students often must complete a rigorous STEM undergraduate education, and potentially many more years of post-secondary education through masters and doctorate programs. It follows that to guide students to successful careers in STEM, we must prepare them to succeed in their undergraduate STEM studies. 
According to the United States National Sciences Board, Women, Hispanic, and Black Americans all underrepresented in the American science and engineering (S&E) workforce (NCSES 2017). Women only make up 29.0% of the S&E workforce even though they are 51.6% of the total workforce. Black Americans make up 5.6% of the S&E workforce, and Hispanic Americans make up 7.5%. In regard to the total workforce, those groups make up 7.9% and 8.9% respectively. Women and minorities are no worse at performing in STEM than any other group, and thus should represent an equal proportion of the S&E workforce relative to their representation in the total workforce. We can see that the American STEM workforce clearly suffers from a lack of representation, which implies that there are outside factors discouraging certain groups from participating and succeeding in STEM.
Other than principles of equality and fairness, why are representation and diversity in STEM important? First of all, the development of new technology is an extremely collaborative endeavor. By improving the diversity of teams and organizations within STEM, new and different perspectives will be brought in. This would increase creativity and productivity by reducing institutional and organizational blind spots. For example, it is well documented that nascent AI facial recognition software tends to be far more effective at identifying white men than any other group. (Zao et al 2018) If STEM industries more accurately reflect the communities they serve, they can better understand their needs, concerns, and hopes. This should facilitate more ethical and purposeful innovation and development. Apart from increasing the supply of workers, improving diversity and representation within STEM should increase the talent of the STEM workforce. Also, increasing representation in the STEM workforce will create opportunity for disadvantaged groups in the U.S. and thus serve as a tool for economic fairness and equality, upon which most Americans place a high ethical value. (Gibbs 2014) 
However, before we can start increasing diversity in the STEM workforce, we first need to understand the factors that encourage students to pursue a STEM degree in college, and how we can best support excellence and persistence in these majors. Graduating in STEM is one of the strongest predictors of entrance into the STEM workforce. (NCSES 2017) This is reasonable, as a specialized education in STEM will prepare students for the tasks required in their chosen STEM field.
	There are many factors that may reasonably impact this outcome, but a likely determining factor is STEM preparation/education prior to college. One of the most common ways in which students can prepare themselves for the rigorous and competitive nature of STEM majors is by taking high rigor STEM courses in their secondary education, most likely through advanced placement (AP), international baccalaureate (IB), and honors STEM courses. However, access to these courses is not guaranteed, as they often require schools to provide additional funding and teachers. As such, the funding, size, and spending decisions of a school can have a determining impact on a student’s opportunity to pursue such high-rigor courses. These factors may also affect the relative difficulty and quality of not only the high-rigor courses, but also STEM courses that are not designated as “high-rigor”. This project attempts to isolate and evaluate the impact that taking these courses has on students, and by doing so, aims to provide policy makers and educators with information that will help them prepare a more diverse group of students to pursue and attain a STEM degree in college.


Main Questions

Does taking high rigor STEM classes (AP, IB, Honors, College, etc.) in secondary education prepare students for STEM success in college? Is it correlated with higher grades, improved mental health, higher STEM major retention rates, and other positive educational outcomes?


Theoretical Framework

There has been much discourse about how we can increase the number of students who pursue careers in STEM. As our economy becomes more reliant upon STEM jobs, these jobs will need to be filled. There is also a well-documented overrepresentation of cis white men in STEM fields. This decreases diversity, leading to blind spots within STEM industries, which negatively impacts our society through a variety of mechanisms. (Hoepner 2010) Additionally, college major choice has been shown to have significant impacts on career earnings. For example, students who received the highest earning college degree on average earned 3.4 million more dollars over their career than students who received the lowest earning degree. (Carnevale et al 2015) STEM degrees, along with degrees in health and business, have been shown to result in the highest entry level salaries and lifelong earnings for individuals (Carnevale et al 2015). As a result of both of these effects, it is clear that not only is it financially rewarding for disadvantaged students to pursue a STEM degree, but by doing so they will have a positive impact on their communities.
	A variety of factors, including ethnicity, gender, and family income have been shown to correlate with success in STEM during college. (Hoepner 2010) However, these factors are large issues with many facets, and not as easily addressed. They result from systemic inequality and require systemic solutions. However, one of the factors that correlates strongly with college STEM success is advanced STEM coursework in high school. (Hoepner 2010) The most common such coursework takes the form of IB and AP courses. These courses incorporate a curriculum that is designed to increase rigor and more closely resemble college curriculum. (College Board and International Baccalaureate Organization 2021) These courses are designed to prepare students for STEM coursework in college, and thus taking them likely results in a positive correlation to desired college STEM outcomes.
When students participate in AP or IB courses, they feel pride in their ability to complete more advanced work. (Faust et al 20019) They also felt stronger bonds with their classmates and teachers. (Faust et al 20019) There is a perception from students that they received preferential treatment from teachers and administrators, and that they were placed in an overall better classroom environment. (Faust et al 20019) Conversely, these students felt that they had more coursework and a more intense workload. (Faust et al 20019) They believed the increased coursework to come with emotional and social costs, and that participation differentiated them from their non-participant peers. (Faust et al 20019) Further, they sensed that non-participants had negative feelings toward participants and felt stereotyped because of their participation. (Faust et al 20019) This research showed that the completion of advanced high school coursework creates divisions within students. It is possible that these divisions feed into one another, further dividing students based on whether or not they have completed STEM coursework in their secondary education. These divisions might persist into college, leading to a statistical difference in outcomes for students who complete more high-rigor coursework.
In the existing literature it is apparent that these divisions manifested in very real ways in post-secondary education. Completion of AP courses has been shown to positively correlate with post-secondary grades and graduation rates. In fact, AP exam scores have been shown to be the second strongest indicator of academic success in college after high school GPA. (Ackerman et al 2013) So, it stands to reason that AP coursework prepares students for success in college work, including STEM coursework. However, it is also possible that the negative effects of high-rigor coursework, which are documented to include separation, less free time, and isolation, could negatively affect the mental health of students, impeding their ability to perform at a high academic level. Whether this effect is overcome by the positive effects of high-rigor coursework is a significant part of this study. 
For major selection, research has shown that completion of high-rigor secondary STEM courses is a significant predictor of student choice of major in college. It has been shown that STEM experiences in high school increased the likelihood that a student would choose STEM as a major in college. (Bottia et al 2015) Many of the correlations make logical sense. For instance, students who take AP mathematics courses in high school are more likely to graduate with an engineering degree. (Robinson et al 2003) These correlations are not just true for AP coursework. For example, students who took non-AP engineering courses in high school were far more likely to enroll in STEM majors in college. (Phelps et all 2018) These relationships are not just displayed among white students. Students of color reported that taking AP courses in high school helped prepare them for pursuing a STEM major in college and helped them feel more confident in their ability to complete college STEM coursework. (Palmer et al 2011) However, it is worth noting that the relationships being explored here only appears to impact students who enroll in college. STEM coursework has been shown to not have an effect on earnings or the likelihood of securing a STEM job for students who do not attend college. (Bozick et al 2017) This finding suggests that the primary positive impact of high-rigor secondary STEM coursework is on preparation for success in college coursework, not in on-job STEM abilities. 
Taking more high-rigor STEM courses in high school is correlated to an increased interest in declaring a STEM major and an improved pattern of persistence in STEM majors. (Shaw et al 2010) Students who took no high school AP exams were far more likely to switch out of STEM majors. (Shaw et al 2010) However, research on the effects on persistence is not comprehensive and warrants further research and study. 
While the focus of this study will be on the gaps in the current literature, there will be some retreading of the ground covered in the literature. This will help establish similarities and differences between the population examined in this study and the wider population. Consistency with the literature will help support novel trends in this study.


Hypothesis and Observable Implications

Hypothesis: A Positive Causal Relationship
Students who take high rigor STEM classes in their secondary education are better prepared for STEM coursework in college. They do better in classes and are more likely to graduate with a STEM major. 

Observable implications:
a: Students who take more high rigor STEM courses in high school receive better grades in college STEM courses.

b: Students who take more high rigor STEM courses in high school are more likely to declare a STEM major in college.

c: Once starting a STEM major, Students who take more high rigor STEM courses in high school are more likely to complete their STEM major.

d: Students who take more STEM courses in high school will report higher feelings of competency and preparation for their college coursework.

e: Students who take more STEM courses in high school will report lower feelings of stress about their college experience.


Methods

The purpose of this study is to observe the impact that taking high rigor STEM courses in high school has on college achievement and graduation, particularly regarding STEM. Because I needed secondary education, college, and demographic data on specific individuals, I had to collect the data personally. There are existing bodies of academic data covering those variables from sources such as the North Carolina Education Research Data Center, but none of the existing data possesses information on all the variables I need in order to explore my research questions. 
In the field there is precedence for this kind of data collection. Other studies that have explored how high-rigor coursework impacts a student’s intent to declare a STEM major in college have relied on survey data, usually from a single high school or college population. My study population included current Duke University undergraduates and students who graduated from Duke University within the last five years. I wanted to focus on this population for a few reasons. First, the practicality of collecting data. I have easy access to the Duke University undergraduate population, so obtaining a large body of data in a timely and cost-effective manner from this group was possible. I focused on current and recent undergraduates because having more prescient data allows my study to reflect the current environment more accurately. Also, because students were asked to self-report a variety of responses, there is a certain amount of human error present. By only including students who are currently in undergrad or who have recently graduated, the human error was minimized, which allowed for more accurate analysis. Restricting my study to a single university also has some advantages.
With this study there is the risk of confounding variables, particularly from self-selection into high-rigor secondary courses. The theory is that smarter and more STEM orientated students are more likely to opt into high-rigor STEM courses, and thus, more likely to major in STEM studies, and more likely to succeed within STEM. If a casual, or lack of a casual, relationship is to be established, the more confounding variables that can be controlled for, the better. By restricting this study to a Duke University population, I selected for participants from a population that will likely have taken advantage of most, if not all, academic opportunities presented to them in high school. This is due to the highly competitive nature of Duke University undergraduate admissions. To verify this theory, one of the focuses of data collection was on the access students had to high-rigor STEM coursework as part of their secondary education. If we are trying to study the impact that giving student access to high-rigor STEM coursework has on their college experience, having data on not just what courses students took, but those to which they had access to, will help create a more comprehensive picture. 
To further control for confounding variable, students were specifically asked about not just what high-rigor courses they took in high school, but those to which they had access. There is some human error in collecting this data, as students might not remember opportunities or might lie about their histories. These potential sources of bias will be discussed in the analysis of the data.
	Through this thesis I hope to argue that by increasing the quality and rigor of secondary education STEM coursework, our education system can better prepare students for success in STEM. If this causal relationship is shown, then educators can focus on providing such coursework for students. Currently, as already discussed, access to high-rigor STEM courses is not consistent across secondary education environments. Offering students these courses is an actionable policy action that could positively impact STEM performance for disadvantaged groups. 
	The structure of the survey followed other similar surveys. I collected both quantitative and qualitative data. I began by asking a variety of basic demographic questions: age, gender, race, high school location (urban, suburban, rural), high school state, and wealth level (self-identified as lower, upper, middle class). This information allowed me to analyze the impacts that these variables have on student performance.  I then asked what high-rigor courses students took in high school, as well as the courses to which students had access. I asked for measures including college GPA, first declared college major, and anticipated graduation major. I also asked questions targeting mental health, such as how comfortable students felt in STEM courses, how prepared they felt for college STEM coursework, and how much they have struggled with anxiety and depression. For a comprehensive list of variables upon which data was collected on, see Appendix A.

Demographic Information

To establish the strength of my survey, I will compare my survey demographics with Duke University’s wider undergraduate demographics. Detailed information on the undergraduate demographics at Duke is not available, but I can use statistics for the class of 2024 collected by the preeminent Duke University newspaper, the Duke Chronicle, to model the Duke University population. While the Duke Chronicle statistics are open to response bias because participation in the survey was voluntary, there is no publicly available information on Duke outside of basic racial information. Thus, this survey is likely to be the best reflection of the Duke University undergraduate population possible. The survey had 442 respondents, amounting to 18.8% of the class.

	
My Survey Demographics
	
Duke Demographics (Duke Chronicle 2021)


	
Respondent Population Percentages Displayed
	
Respondent Population Percentages Displayed


	Race:
White - 49.3%
Asian - 26.7
Hispanic/Latino - 6.7
Multi - 5.3
Black/African American - 3.3
Other - 0.7
American Indian/Alaskan native - 0.7
Prefer not to answer - 0.7
	Race:
White - 44.8
Asian - 38.2
Multi - 9.7
Black/African American - 5.8
Other - 1.2
American Indian/Alaskan native - 0.4

Identify as Hispanic/Latino:
Yes - 13.1
No - 86.9


	Gender:
Female - 50.7
Male - 36.0
Nonconforming - 2.0
Other - 0.7
Transgender- 0.7
	Gender:
Female - 60.7
Male - 36.2
Nonconforming - 1.7
Other - 1.03
Agender - 0.3


	Sexual Orientation:
Heterosexual - 75.9
Bisexual - 11.7
Homosexual - 4.3
Questioning - 3.7
Prefer not to say - 2.0
Asexual - 1.3
Pansexual - 1.0
	Sexual Orientation:
Heterosexual - 75.9
Bisexual - 11.7
Homosexual - 4.3
Questioning - 3.7
Prefer not to say - 2.0
Asexual - 1.3
Pansexual - 1.0


	Type of Community:
Suburban - 48.1
Medium City- 19.8
Small City- 13.0
Large City- 12.2
Rural - 6.1
Other - 0.8

	Type of Community:
Suburban - 81.3
Urban - 12.7
Rural - 6


	Income:
Upper -16.0
Upper Middle - 45.8
Middle - 27.5
Lowe Middle - 4.6
Lower - 3.1
Prefer not to answer - 3.1
	Income:
500K plus -14.4
250K to 500K - 22.9
125K to 250K - 22.6
80K to 125K - 21.9
40K to 80K - 9.6
Sub 40K - 8.6


	School type:
Public - 63.4
Private - 22.9
Religious - 3.1
Charter - 8.4
Other - 1.5
Home-School - 0.8

	School type:
Public - 64.9
Private (non-denominational) - 18.4
Private (Parochial) - 8.7
Charter - 6.4
Other - 1.7



	The demographics for my data closely match those collected by the Duke Chronicle. For the purposes of this study, the data suggests that the goal of representing the Duke University undergraduate population was met.



Principle Findings

Please note that for GPA, responses were rounded up to the nearest whole or half number for analysis. So, for example, a response of 3.76 is considered as 4.0 for regression analysis. A response of 3.31 will be 3.5. It is also worth noting that the trends seen throughout this analysis for number of high-rigor STEM courses were the same across different types of STEM courses. No discernible difference was seen between types of courses such as math, physics, life sciences, or other STEM fields of study.

	
Effects on Students Declaring a STEM Degree:


 Kaufman 2


Table 1: 
	Outcome
	Average Number of High-Rigor Non-Stem Courses taken

	Yes
	5.35

	No
	5.79



Table 2: 
	Declared a STEM major
	Average Number of High-Rigor STEM Courses Taken in High School

	Yes
	6.46

	No
	5.36




Table 3: 
	Declared a STEM major
	Average Number of High-Rigor Courses Offered by High School

	Yes
	19.80

	No
	18.24



Table 4: 
	Declared a STEM major
	Average Number of High-Rigor STEM Courses Offered by High School

	Yes
	9.98

	No
	8.23



Students who take more high-rigor STEM courses in high school are more likely to declare a STEM major once in college. However, students who declared a STEM major also generally had more exposure to high-rigor courses in college, particularly in STEM. Looking at differences between students who declared STEM majors and students who did not, students who declared a STEM major on average took 7.9% fewer high-rigor non-STEM courses, took 20.5% more high-rigor STEM courses, were offered 8.5% more high-rigor non-STEM courses and 21.3% more high-rigor STEM courses. This data would suggest that students who had greater access to, and took more, STEM courses were more likely to declare a STEM major. That differences were consistent for both being offered and taking STEM courses, which suggests that offering STEM courses is likely to encourage more students to take STEM courses. This suggests a positive causal relationship between being offered and taking high-rigor secondary STEM courses.


Table 5: 
	Declared a STEM Major
	Average Rigor of High-Rigor STEM Courses Offered by High School

	Yes
	6.94

	No
	6.92



Table 6: 
	Declared a STEM Major
	Average Quality of High-Rigor STEM Courses Offered by High School

	Yes
	7.24

	No
	6.78




Students who declared a STEM major did not identify the rigor of their high-rigor secondary STEM courses as significantly different than students who did not declare a STEM major, but they did rate the quality of their high-rigor STEM courses in high school as being higher. This suggests that if educators want to encourage more students to declare a STEM major, it is more important to improve the quality of courses rather than increase the rigor.


Table 7: 
	Declared a STEM Major
	Average High School GPA


	Yes
	4.57

	No
	4.45



Table 8: 
	Declared a STEM Major
	Average High School STEM GPA


	Yes
	4.51

	No
	4.31



Students who succeed in their secondary studies, and specifically in STEM studies, were more likely to declare a STEM major. This could be a result of natural aptitude. It could also suggest that students who succeed in high school studies, and specifically in STEM, believe that they are more prepared for the rigors of STEM studies, and as such, are more likely to declare a STEM major.

Effects on Students Declaring and then Switching out of a STEM Degree:


Table 9: 
	Started a STEM Degree and Switched
	Average Number of High-Rigor Non-Stem Courses taken

	Yes
	4.83

	No
	5.40



Table 10: 
	Started a STEM Degree and Switched
	Average Number of High-Rigor STEM Courses Taken in High School

	Yes
	5.00

	No
	6.56





Table 11: 
	Started a STEM Degree and Switched
	Average Number of High-Rigor Courses Offered by High School

	Yes
	19.50

	No
	19.82



Table 12: 
	Started a STEM Degree and Switched
	Average Number of High-Rigor STEM Courses Offered by High School

	Yes
	7.25

	No
	10.19




Students who started a STEM degree and then switched out of STEM on average took 11.8% fewer high-rigor courses in high school and 31.2% fewer high-rigor STEM courses. They were offered 1.6% fewer high-rigor courses and 40.6% fewer high-rigor STEM courses. Being offered and taking more STEM courses appears to be highly correlated with staying in STEM. However, being offered more High-Rigor non-STEM courses in general is not correlated with staying in STEM. This suggests that there is something about being offered, and then being able to take, more high-rigor secondary STEM courses that is specifically encouraging students to persist in their undergraduate STEM studies.








Table 13: 
	Started a STEM Degree and Switched
	Average Rigor of High-Rigor STEM Courses Offered by High School

	Yes
	5.17

	No
	7.11



Table 14: 
	Started a STEM Degree and Switched
	Average Quality of High-Rigor STEM Courses Offered by High School

	Yes
	5.67

	No
	7.39



Students who stayed in STEM rated both the quality and rigor of their high-school STEM courses as being higher than students who switched out of STEM. The difference between ratings across the two groups is similar across both variables, suggesting that both increased rigor and increased quality of STEM courses in high school are important for STEM degree persistence rates in college

Table 15: 
	Started a STEM Degree and Switched
	Average High School GPA

	Yes
	4.41

	No
	4.59



Table 16: 
	Started a STEM Degree and Switched
	Average High School STEM PA

	Yes
	4.33

	No
	4.53



Students who had a higher GPA in high school, including in STEM, were more likely to stay in STEM, likely for the same reasons that those students are more likely to declare a STEM major in the first place. It is worth noting that the difference here is a factor of less than 5%. This is significantly lower than the differences shown for being offered and taking high-rigor secondary STEM courses. A similar contradiction also applies to the rigor and quality of said courses. This all suggests that having access to and taking courses with an elevated rigor and quality matters far more than natural STEM aptitude for predicting students’ persistence within STEM.

Effects on Students Preparedness for College:


Figure 1: Number of High-Rigor STEM Courses Taken in High School vs. Struggle with Academic Confidence in College
[image: Chart

Description automatically generated]

Figure 2: Number of High-Rigor Non-Stem Courses Taken in High School vs. Struggle with Academic Confidence in College
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Figure 3: Number of High-Rigor STEM Courses Offered in High School vs. Struggle with Academic Confidence in College
[image: Chart
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Taking, or being offered, more high-rigor courses in high-school, both in STEM and in general, does not seem to have a large impact on how much students struggle with academic confidence in college.



Figure 4: Rigor of High-Rigor STEM Courses Offered by High School vs. Amount of Struggle with Academic Confidence in College
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Figure 5: Quality of High-Rigor STEM Courses Offered by High School vs. Amount of Struggle with Academic Confidence in College
[image: Chart
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Both the self-identified quality and rigor of high school high-rigor STEM courses are negatively correlated with academic confidence struggles in college. This would suggest that a higher degree of rigor and quality in high school STEM courses increases the academic confidence of students when they arrive to college. When compared to figures 1 through 4, it is interesting to see the contrast. This could suggest that students who do worse in college will retroactively look back and view their secondary education experience more poorly. If this is the case, we can quantify this difference as accounting for an increase in the absolute value of the correlation by 0.1, While this is an untested theory, this quantification will be useful in other visualizations using the rigor and quality of high-rigor secondary STEM courses. If the correlation is greater than 0.1 by a significant factor, we can more easily assume that the correlation shows an objective effect, rather than a change in perspective.
















Figure 6: High School GPA vs. Struggle with Academic Confidence in College
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Figure 7: High School STEM GPA vs. Struggle with Academic Confidence in College
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While students with a higher overall GPA in high-school report higher levels of struggle with academic confidence in college, the inverse trend exists regarding STEM GPA. The positive correlation seen in figure 6 could suggest that students who have lower academic confidence face more pressure to work harder, which can result in a higher GPA in both high school and college. Or, students who take easier classes in high school will have a higher high school GPA but be less prepared for college coursework. If students who succeed in high school are not better off in college when it comes to academic confidence, the positive impact of success in high school STEM is interesting. Success in STEM courses might be correlated with skills that are well suited to a college workload. 



Figure 8: Number of High-Rigor STEM Courses Taken in High School vs. Struggle with Academic Workload in College
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Figure 9: Number of High-Rigor STEM Courses Offered in High School vs. Struggle with Academic Workload in College
[image: Chart
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	Figure 10: Number of High-Rigor Non-Stem Courses Taken in High School vs. Struggle with Academic Workload in College
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	Figure 11: Number of High-Rigor Courses Offered in High School vs.  Struggle with Academic Workload in College
[image: ]


	
	


	


Taking, and being offered, both non-STEM and STEM high-rigor courses in high school is positively correlated with higher levels of academic workload struggle in college. The effect is particularly strong in regard to STEM courses. This is an interesting connection that runs contrary to many of the other findings covered so far. But looking deeper, we have already demonstrated that students who take and are offered more high-rigor STEM courses are more likely to become and stay a STEM major, and many such majors require higher quantities of work than non-STEM majors.




Figure 12: Rigor of High-Rigor STEM Courses Offered by High School vs. Struggle with Academic Workload in College
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Figure 13: Quality of High-Rigor STEM Courses Offered by High School vs. Struggle with Academic Workload in College
[image: ]

There appears to be no correlation between the rigor and quality of high school STEM courses and students rating of their struggle with academic workload in college.
















Figure 14: High School GPA vs. Struggle with Academic Workload in College
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Figure 15: High School STEM GPA vs. Struggle with Academic Workload in College
[image: Chart, line chart
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There is a positive correlation between the high school STEM and overall GPA and students rating of their struggle with academic workload in college. As discussed regarding quantity of high-rigor courses taken, this correlation is likely the result of confounding variables. Students who experience success in high school are likely to enter harder majors, take more classes, and thus face a higher workload not because of an inability to do work, but because they take on more work.
I hesitate to draw any conclusions on the academic workload correlations shown in figures 8 through 15 because of the confounding effect major selection can have. Follow up research would be required to draw conclusions.



Effects on Students Academic Performance in College:


Figure 16: Number of High-Rigor STEM Courses Taken in High School vs. Current/Final College GPA
[image: Chart, line chart
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Figure 18: Number of High-Rigor STEM Courses Taken in High School vs. Current/Final College STEM GPA
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Figure 17: Number of High-Rigor Non-Stem Courses Taken in High School vs. Current/Final College GPA
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Figure 19: Number of High-Rigor Non-Stem Courses Taken in High School vs. Current/Final College STEM GPA
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Figure 20: Rigor of High-Rigor STEM Courses Offered by High School vs. Current/Final College GPA
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	Figure 21: Rigor of High-Rigor STEM Courses Offered by High School vs. Current/Final College STEM GPA
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Figure 22: Quality of High-Rigor STEM Courses Offered by High School vs. Current/Final College GPA
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Figure 23: Quality of High-Rigor STEM Courses Offered by High School vs. Current/Final College STEM GPA
[image: ]


Figures 16 through 23 all show a strong positive correlation between the number, rigor, and quality of high-rigor secondary STEM and non-STEM courses taken and both college GPA and STEM GPA. The correlations shown between taking high-rigor STEM courses vs. STEM GPA, the rigor of high school STEM courses vs. STEM GPA, and the number high-rigor STEM courses vs. STEM GPA are all particularly strong. This supports the conclusion that taking more rigorous STEM courses in high school particularly helps students succeed in college, and markedly so in STEM courses.


Figure 24: Number of High-Rigor STEM Courses Offered in High School vs. Current/Final College STEM GPA
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Figure 25: Number of High-Rigor Courses Offered in High School vs. Current/Final College STEM GPA
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	In these two figures we can see that while being offered high-rigor STEM and non-STEM courses is positively correlated with college STEM GPA, the correlation is not as strong as actually taking high-rigor STEM courses is high school. The correlation seen here could be because students who are offered more high-rigor STEM courses are more likely to take said courses, or they could be more likely to experience other advantages such as higher school funding. However, because the correlation is weaker than the one seen when taking high-rigor STEM courses, it suggests a conclusion that there is a difference between being offered and taking such courses.


Figure 26: High School GPA vs. Current/Final College GPA
[image: ]








Figure 28: High School GPA vs. Current/Final College STEM 
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Figure 27: High School STEM GPA vs. Current/Final College GPA
[image: ]

Figure 29: High School STEM GPA vs. Current/Final College STEM GPA
[image: ]

High school GPA is a strong predictor of college GPA. It is worth noting that the correlation seen within STEM is particularly strong. While this correlation is not unexpected, it is significant that success in STEM appears to be a stronger predictor of overall college success than success in non-STEM courses. This suggests that success and skill within STEM is particularly cumulative in respect to other fields of study and work. This supports the notion that meaningful gains in STEM can be made by increasing the rigor and quality of coursework prior to college. Because prior skill is shown to be important for future achievement in STEM, any improvements made in education methods within STEM are likely to contribute to meaningfully improved outcomes.


Effects on Students Mental Health in College:


Figure 30: Number of High-Rigor STEM Courses Taken in High School vs. Struggle with Academic Stress in College 
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Figure 34: Number of High-Rigor Non-Stem Courses Taken in High School vs. Struggle with Academic Stress in College
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Figure 31: Number of High-Rigor Courses Offered in High School vs.  Struggle with Academic Stress in College
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Figure 33: Number of High-Rigor STEM Courses Offered in High School vs. Struggle with Academic Stress in College
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The correlations in figures 30 through 33 do not follow the consistent patterns seen with other dependent variables. Being offered high-rigor STEM courses and taking high rigor courses are positively correlated with higher levels of academic stress. On the other hand, being offered high-rigor courses and taking high rigor STEM courses shows little correlation with levels of academic stress. The lack of consistency makes drawing conclusions on the correlations here difficult.


Figure 35:  Rigor of High-Rigor STEM Courses Offered by High School vs. Struggle with Academic Stress in College
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Figure 36:  Quality of High-Rigor STEM Courses Offered by High School vs. Struggle with Academic Stress in College
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The rigor and quality of high-rigor STEM courses taken in high school are both negatively correlated with academic stress, suggesting another positive outcome because of increases in these two independent variables. Of the two, increased quality appears to have a stronger impact than increased rigor.

Depression Index Analysis:

The depression index value is a variable that compiles a group of questions to quantify levels of anxiety and depression in respondents. To see the questions, refer to appendix B. Responses were quantified and averaged to assign each respondent a numeric value for the index.





Figure 37: Number of High-Rigor STEM Courses Taken in High School vs. Depression Index Value
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Figure 38: Number of High-Rigor Non-Stem Courses Taken in High School vs. Depression Index Value
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Figure 39: Number of High-Rigor Courses Offered in High School vs. Depression Index Value
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Figure 40: Number of High-Rigor STEM Courses Offered in High School vs. Depression Index Value
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The negative correlations for being offered high-rigor STEM and non-STEM courses in high school would suggest that having access to such courses, and the positive influences that accompany greater school resources, positively impacts a student’s levels of depression and anxiety in college. However, it appears that taking high-rigor courses on average increases a student’s levels of anxiety and depression in college. There are no immediately obvious reasons for this, but it is interesting that no such correlation appears to specifically exist for high-rigor STEM courses taken in high school.
































Figure 41: Rigor of High-Rigor STEM Courses Offered by High School vs. Depression Index Value
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Figure 42: Quality of High-Rigor STEM Courses Offered by High School vs. Depression Index Value
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Mirroring the figures for academic stress, the rigor and quality of high-rigor STEM courses taken in high school are both negatively correlated with college depression and anxiety, suggesting another positive outcome because of increases in these two independent variables. Of the two, increased quality appears to have a stronger impact than increased rigor. It is worth noting that the correlations shown here are stronger than the ones for academic stress, suggesting a greater impact.



Figure 43: High School GPA vs. Depression Index Value
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Figure 44: High School STEM GPA vs. Depression Index Value
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A student’s GPA and STEM GPA in high school showed a positive correlation with levels of anxiety and depression in college. This suggests that academic success in high school not only has no beneficial impact on anxiety and depression in college, but might actually be correlated with increases in the two. This is significant in contrast to the impacts of independent variables such as the quality and rigor of high school STEM courses. This further supports the conclusion that challenging and preparing students in their secondary school coursework has a holistically positive impact on their performance in college, including within STEM.




Limitations and Further Research
	
As an observation study, I faced some limitations. Because the survey is voluntary, respondents self-selected into the study, possibly skewing results. The size of the survey (n=150) and the analysis of demographics support the conclusion that the survey is representative of the wider target population of Duke University undergraduates, but it is unknown whether these findings from a Duke population can be projected onto the populations of other higher education institutions or the wider population of the United States. It was also difficult to compare results across different demographic groups because of the size of the study. Within the 150 respondents, many demographic groups had fewer than a dozen participants, making it extremely difficult to draw any well-founded conclusions about differences within said groups. A wider study with more respondents would be useful in this regard. Also, iterative studies to replace subjective measurements with objective measurements would help make the findings of this avenue of research more applicable. For example, a study to examine what causes students to rate their high-rigor high school courses as “high quality” would be a useful avenue of future research.
Many of the correlations found in this study would not be considered strong, suggesting that many factors influence the studied outcomes. A future study that identified and analyzed such factors in conjugation with the variables studied in this paper would be beneficial. This would be able to create a more detailed picture of the complex web of interactions that can prepare a student interest in a STEM career for the rigors of undergraduate STEM courses. In an ideal world, we would be able to conduct a Randomly Selected Trial where we would randomly select students to take or not take high-rigor secondary STEM courses. But However, in this case, such a trail would be unethical and unfeasible. One of the main reasons we would want to conduct an RST would be to control across the many possible confounding variables such as family wealth and school funding. Both of these are likely to be correlated with a higher quality education and are likely also correlated with access to high-rigor secondary STEM courses. Even with a large and rigorous quasi-experimental study, fully eliminating the effects of confounding variables would not be possible. However, future studies with refined questions, a more diverse population, and a larger data pool would allow educators and policy makers to not only evaluate the importance of specific programs like AP or IB courses but also do a more comprehensive analysis across the variety of possible confounding variables.


Policy Implications and Recommendations

	Overall results point toward the positive impacts of taking rigorous STEM courses in high school. Across all significant dependent variables, having access to and taking high-rigor STEM courses has a positive impact. This suggests that policy makers and educators should invest in offering more high-rigor STEM courses if they wish to encourage students to pursue and find success within STEM. 
It should be noted that the variables which showed the most consistent positive effects were higher quality and rigor within secondary STEM courses. This drives home the idea that those students benefit from being challenged in school, as well as from a higher quality education. Admittedly, clarification on what constitutes high quality is needed, but we can clearly see the benefits that increased investment in high-school STEM education will bring.
	Increasing funding is an easy way to expand the capability of schools and educators to offer high-rigor STEM. But in a world of limited funds, doing so would require cuts or measures be taken elsewhere. I believe that investment in education will yield increased productivity and efficiency. Thus, an increase in taxes or cuts in spending, such as military spending, to pay for education investment would likely pay for itself over time. If funding must be held constant, schools can invest in their STEM education by shifting resources. One way a school could do so is transitioning its existing STEM coursework to higher rigor alternatives. This would prevent the need to hire more teachers. Some schools might be concerned that doing so would negatively affect student performance, as measured by GPA, but by transitioning to a curved grading scale, or better yet, if colleges de-emphasize GPA in their admissions, negative admissions effects can be mitigated. Of course, further research is required to show how policy makers and educators can best offer an improved secondary STEM curriculum. However, this study has shown that such research is warranted, because enabling students to participate in more rigorous and higher quality STEM coursework will meaningfully improve both their lives and our communities. By offering students these opportunities, policymakers can increase equality while strengthening the future of our country.
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Appendix A:

Control Variables:
1. Gender Identity
2. Ethnicity
3. High School Location
4. Type of High School
5. Family Wealth

Independent Variables:
1. Type of High-Rigor courses taken
2. What High-Rigor courses were offered
3. What High-Rigor courses were taken
4. Number of High-Rigor Math Courses taken 
5. Number of High-Rigor Life Science Courses taken
6. Number of High-Rigor Physics Courses taken
7. Number of High-Rigor Computer Science Courses taken
8. Number of High-Rigor Engineering Courses taken
9. Number of High-Rigor Non-Stem Courses taken
10. Number of High-Rigor Courses taken
11. Number of High-Rigor Courses Offered by High School 
12. Number of High-Rigor STEM Courses Taken 
13. Number of High-Rigor STEM Courses Offered by High School 
14. High-Rigor STEM Courses Being Offered in the Community Outside of High School 
15. Rigor of High-Rigor STEM Courses Offered by High School 
16. Quality of High-Rigor STEM Courses Offered by High School 
17. High School GPA
18. High School STEM GPA

Dependent Variables:
1. Started or Considered Starting a STEM degree
2. Declared a STEM major 
3. Graduated or Intend to Graduate with a STEM degree 
4. Started a STEM Degree and Switched 
5. Started a STEM Degree and Switched (Only respondents that started a STEM Degree)
6. Current/Final College GPA 
7. Current/Final College STEM GPA 
8. Amount of Struggle with Academic Confidence in College 
9. Amount of Struggle with Academic Stress in College
10. Amount of Struggle with Academic Workload in College
11. Feeling Prepared for College 
12. Years Taken to Complete College 
13. Depression Index Value





Appendix B: Depression Index Questions



	Over the last two weeks, how often have you been bothered by the following problems?
	
Not at all
	
Several days
	More than half the days
	Nearly every day

	
Feeling nervous , anxious or on edge
	
0
	
1
	
2
	
3

	
Not being able to stop or control worrying
	
0
	
1
	
2
	
3

	
Feeling down, depressed or hopeless
	
0
	
1
	
2
	
3

	
Little interest or pleasure in doing things
	
0
	
1
	
2
	
3

	
	
	
	
	

	
TOTALS
	
	
	
	



Total score is determined by adding together the scores of each of the 4 items . Scores are rated as normal (0-2) , mild (3-5), moderate (6-8) , and severe (9-12). Total score ,!3 for first 2 questions suggests anxiety.
Total score ,!3 for last 2 questions suggests depression.

Reprinted with permission from Kroenke K, Spitzer RL, Williams JB, Lowe B. An ultra-brief screening scale for anxiety and depression: the PHQ-4. Psychosomatics . 2009 ;50(6):613-21. From Principles of Neuropathic Pain Assessment and Management , November 2011.
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