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Abstract- The study authors examined the effects of high-school mathematics on the access of college of minority students 
who were particularly at high-risk. Data was extracted from the Educational Longitudinal Study of 2002 (ELS: 2002) and 
used survival analysis to analyze over high school students from a US national sample and tested a model of advanced 
mathematics courses interacting with risk factors and racial and linguistic minority status. The results showed that academic 
risk factors and advanced mathematics courses played an important role for the enrollment of post-secondary institutions for 
Hispanic English-fluent students and Asian English-native students.    
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I. BACKGROUND OF THE STUDY 
 
In the U.S., linguistic minority students, especially 
those from low-income families, tend to display low 
performance in early reading and math (Denton, 
West, & Walston, 2003), lag behind in math and 
reading than English-speaking counterparts students 
in elementary school, with the disparity continuing to 
widen in later school years (Chang, 2008; Portes& 
MacLeod, 1996; Rouse, Brooks-Gunn, &McLanahan, 
2005). When minority students are academically at 
high-risk, the problem becomes aggravated because 
academic risk factors are closely related to students’ 
academic failure in school, absenteeism, drop-outs, 
delinquencies (Hoke, 2012). The high percentages of 
racial and linguistic minority students have 
academically high-risk factors (Hardre& Reeve, 
2003; Ormrod, 2006). Minorities are consistently 
underrepresented in jobs that require professional 
skills and pay a high salary. In Educational 
Longitudinal Study of 2002 (ELS: 2002), academic 
risk factors of a student are listed as (1) comes from a 
single-parent household; (2) has two parents without 
a high school diploma; (3) has a sibling who has 
dropped out of school; (4) has changed schools two 
or more times; (5) has repeated at least one grade; 
and (6) comes from a household with an income 
below the federal threshold for poverty.  Many 
students at the high-risk drop out of high school and 
can’t make post-secondary education (Cooper, 2015; 
Hoke, 2012).  Then, how can we help those minority 
students with an academic high-risk? Research 
suggests that college education is one of the best 
solutions for them to move upward in a highly 
structured society like the USA (Barrow et al., 2013; 
Choy, et al, 2000; Kanno&Cromley, 2013; Perna, 
2005). On average, college graduates report more 
lifetime earnings than high school graduates by $1 
million (Perna& Finney, 2014). Research also 
recommends for those minority students to take 
advanced mathematics course-taking and prepare 
post-secondary education (Horn &Nuñez, 2000).  

Advanced mathematics courses indicate any course 
beyond Algebra 2 including Algebra 3, 
Trigonometry, Precalculus, Calculus, Probability, or 
Statistics. To take at least one advanced mathematics 
course, students should begin to take Algebra at early 
grade such as 8th grade (Choy, Horn, Nuñez, & Chen, 
2000). However, the minority students often attend 
poor high schools where advanced mathematics or 
science courses (i.e., calculus and physics) may not 
even be offered (Filer, 2009). Even in the schools the 
advanced mathematics classes are offered, the 
minority students at high-risk are less likely to enroll 
in higher-level mathematics due to the lack of support 
from parents and school counselors (Choy, et al., 
2012), and ability grouping and tracking that assign 
students into different academic programs (Chang, 
2008; Chang, Singh, & Flier, 2009; Gamoran, 1992). 
The educational contexts further segregate minorities 
and contribute to them being traditionally under-
represented in advanced level mathematics courses 
(Oakes, 1985) and college entrance (Seymore& 
Hewitt, 1997; Snyder, de Brey, &Dillow, 2016) In 
this study, we attempted to examine the effects of 
advanced mathematics course-taking in high school 
on the college access of racial and linguistic minority 
students, in particular, those who were academically 
at high-risk. In the analysis, we analyzed students’ 
college access as the main dependent variable by 
employing discrete survival analysis to the ELS 2002.  
For racial and linguistic minority students, we created 
twelve racial and linguistic groups by race (White, 
Black, Hispanic, and Asian) and by English language 
status (English-native, English-fluent, and English-
not-fluent). For the main moderating variables, we 
used a composite risk factor variable and an advanced 
mathematics course-taking variable. We used control 
variables as gender and prior mathperformance. The 
overarching research questions of the study were,  
 
II. RESEARCH QUESTION 
 
1. Do academic risk factors associate with the 
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college access of racial and linguistic minority 
students? 

2. Do advanced math course-taking in high school 
affect whether and when students enroll in a 
college? 

3. Do the interaction effects of risk factors and 
advanced math course-taking differ for each of 
racial and linguistic groups? 

 
III. METHOD 
 
Data Source and Variables 
This study used the ELS 2002 that provides several 
waves of information on the US national sample of 
students who were in 10th grade in 2002. Those 
subjects were followed for a maximum of 10 years 
and their data was collected through three additional 
waves of questionnaires in 2004, 2006 and finally in 
2012. The data consisted of 16200 subjects initially 
and after deleting missing cases 11030 subjects were 
used for analysis. A total of eight variables were used 
for the analysis. The racial group variable and the 
English fluency variable were combined to create a 
variable with 12 racial and linguistic groups for this 
study. Academic risk factors that describe the 
collective information on family structure, parental 
education, sibling drop-out, mobility, repeating a 
grade, and low socioeconomic status. Advanced 
mathematics course-taking describes the highest 
mathematics course taken at 12th grade. The 
interactions among racial and linguistic groups, risk 
factor, and mathematics courses were created to study 
the differing effects of risk factors and mathematics 
course-taking on the minority groups’ college access. 
The control variables were dummy coded students’ 
sex and prior mathematics achievement score. For 
survival analysis, we created a new time variable 
(TIME) by computing the number of years between 
high school graduation and enrollment at a college. 
The unit used for TIMEwas the number of years for 
discrete time survival analysis. The TIME variable 
was also important to determine whether observations 
are censored or not. Predictors based on those 
collected at the start of the study (12th grade) when 
everyone was in the risk set.  
Analysis 
Discrete survival analysis was suitable to answer the 
research question of whether and when students 
enrolled in post-secondary institutions after 
graduating high school. This method also allowed us 
to analyze the effects of predictors and the time of the 
first enrollment at a post-secondary institution as well 
as the different patterns of enrollment of racial and 
linguistic minority groups. For our analysis, using 
discrete time units was appropriate, since enrollment 
in a post-secondary institution can only occur at fixed 
time points in the year. The discrete survival analysis 
uses logistic regression for the main analytical frame 
and estimates logit hazard parameters. Using the 
parameters, we estimated hazard functions. The 

hazard function is the probability of an event 
occurring for an individual in a time period, given 
that it did not happen in an earlier period (Singer, 
2003). The estimates for the hazard rate for the 
baseline were calculated using logistic regression of 
hazard with logit link function (a to a ). This was 
done to ensure that the final estimate for the hazard 
for each period was between 0 and 1, indicating a 
probability. The event in this model was the entry to 
the post-secondary institution, which means, that 
higher hazard corresponded to the increased rate of 
enrolling in post-secondary institutions. Assumptions 
for using this model is that censoring is non-
informative, indicating that there is no systematic 
difference in the pattern for those who are censored 
and those who are not censored.  In other words, the 
censored subjects would follow the similar pattern in 
enrollment as those who were not censored. Since 
survival analysis contains censored data, the usual 
descriptive statistic of the outcome variable did not 
necessarily lead to an accurate representation of the 
data. For this reason, descriptive statistics included a 
life table and median survival time for the outcome 
variable, as well as the usual mean and standard 
deviations for predictor variables. 
 
IV. RESULTS 
 
The descriptive statistics for the predictor variables 
are shown in Tables 1 and 2.  Approximately, 8760 
students in total enrolled in a university or a college.  
 

 Variables Mean SD 

Academic Risk .97 1.082 

Math Achievement 44.4597 13.95673 

Math Pipeline 5.58 1.618 
Table 1. Descriptive statistics, Continuous Predictors 

 

 Variables n Percentage 

Racial/Language 
White Native 6520 59.101 
White Fluent 130 1.178 
White Not fluent 10 0.091 
Black Native 1190 10.787 
Black Fluent 40 0.363 
Black Not fluent 10 0.091 
Hispanic Native 700 6.345 
Hispanic Fluent 600 5.439 
Hispanic Not fluent 100 0.906 
Asian Native 320 2.901 
Asian Fluent 470 4.260 
Asian Not fluent 70 0.635 
Gender 

Male 5450 49.384 
Female 5580 50.616 
Table 2. Descriptive statistics for Discrete Predictors 



International Journal of Management and Applied Science, ISSN: 2394-7926                                 Volume-5, Issue-7, Jul.-2019 
http://iraj.in 

Do High-School Mathematics Help Minority Students’ College Access? 
 

105 

The life table analysis shows how the hazard and 
survival changed for 10 years after the students 
graduated from high school. The median survival 
time was 0.7927, indicating that 50% of students had 
already enrolled in a college in the first year after 
high school graduation. The estimates of the final 

model showed that hazard of enrolling in a college 
was the highest in the first year after high school 
graduation and quickly decreased right after that. The 
model also showed that several of the predictors had 
significant effects on the hazard of leaving the risk set 
(See Figure 1 and Table 3).  

 

 
Figure 1. Hazard Function 

 

Time Risk Set Censored Events Hazard Rate 

1 16200 0 10220 .92 

2 5980 0 840 .15 

3 5140 0 220 .04 

4 4920 0 160 .03 

5 4760 0 148 .03 

6 4610 0 170 .04 

7 4440 0 150 .03 

8 4290 0 110 .03 

9 4180 0 50 .01 

10 2070 4124 4 .00 
Table 3. Life Table 

 
The estimates of the final model showed that hazard 
of enrolling in a post-secondary institution was the 
highest in the first year after high school graduation 
and quickly decreased right after that.  The model 
also showed that several of the predictors had 
significant effects on the hazard of leaving the risk 
set. The mathematics course-taking was significant 
with p-value <0.001, showing that math course-
taking played an important role in whether and when 
students enroll in a college. The estimate for this was 

positive (β=0.221, SE= 0.019), suggesting that the 
more advanced mathematics courses students take, 
the higher the probability of them enrolling in a post-
secondary institution.  Academic risks, on the other 
hand, was not significant at the 0.05 significance 
level, indicating that academic risks did not have a 
significant effect on the hazard rate in the reference 
group (White English-native). One of the main 
research questions of the study, the interaction effects 
of the risk factors with racial/linguistic groups, 
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showed significant effects in two groups. Hispanic 
English-fluent and Asian English-native students 
showed significant interaction effects with the risk 
factor (p-value 0.007 and 0.036, respectively).  That 
is, for those two groups, academic risk factors played 
an important role in the enrollment pattern of a 
college. The estimates of the three-way interactions 
also showed the significant interaction effects for the 

two racial/linguistic groups (Hispanic English-fluent 
and Asian English-native), academic risk factors, and 
mathematics course-taking.  This suggests that 
mathematics course-taking in high school was an 
important factor for those two minority groups even 
after considering the significant negative effect of 
increased risk factors (see Table 4 and Figure 2).  
 

 

Variables Estimates (B) s.e. 

d1 -0.914 0.106 

d2 -2.612 0.107 

d3 -3.233 0.111 

d4 -3.484 0.113 

d5 -3.714 0.115 

d6 -3.995 0.119 

d7 -4.441 0.127 

d8 -5.077 0.143 

d9 -6.231 0.202 

d10 -8.375 0.511 

gender 0.478** 0.032 

F1TXMBIR 0.022 0.002 

BYRISKFC -0.108 0.057 

F1RMAPIP 0.221** 0.019 

raceWhi_engfluent -1.053 0.936 

raceWhi_engnotfluent 13.951 12137.781 

raceHis_engnative 0.384 0.289 

raceHis_engfluent 1.215** 0.382 

raceHis_engnotfluent 0.498 0.851 

raceBla_engnative 0.997** 0.276 

raceBla_engfluent 2.116 1.934 

raceBla_engnotfluent 9.965 10.312 

raceAsi_engnative 1.246* 0.504 

raceAsi_engfluent -0.356 0.549 

raceAsi_engnotfluent -4.367* 2.152 

i_WF_pip 0.202 0.175 

i_WNF_pip 0.289 2776.250 

i_HN_pip -0.052 0.057 

i_HF_pip -0.269** 0.075 

i_HNF_pip -0.162 0.191 

i_BN_pip -0.080 0.054 

i_BF_pip -0.350 0.415 

i_BNF_pip -1.609 1.707 

i_AN_pip -0.250** 0.084 

i_AF_pip 0.065 0.090 

i_ANF_pip 0.536 0.326 

risk_pip -0.002 0.012 

i_WF_risk -0.056 0.506 

i_WNF_risk -83.663 12226.306 

i_HN_risk -0.021 0.153 
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i_HF_risk -0.504** 0.188 

i_HNF_risk -0.560 0.373 

i_BN_risk -0.039 0.120 

i_BF_risk -0.388 0.818 

i_BNF_risk -5.976 5.519 

i_AN_risk -0.906* 0.432 

i_AF_risk -0.602 0.332 

i_ANF_risk 0.927 1.031 

i_WF_piprisk 0.025 0.098 

i_WNF_piprisk 16.775 2527.357 

i_HN_piprisk 0.029 0.035 

i_HF_piprisk 0.127** 0.040 

i_HNF_piprisk 0.100 0.085 

i_BN_piprisk -0.004 0.025 

i_BF_piprisk 0.061 0.186 

i_BNF_piprisk 0.887 0.917 

i_AN_piprisk 0.171* 0.083 

i_AF_piprisk 0.100 0.058 

i_ANF_piprisk -0.128 0.159 
** significant at a<0.01 level 
* significant at a< 0.05 level 
Table 4. Survival Analysis Results 

 

 
Figure 2.  Effect of Math Pipeline on Hazard 

 
V. DISCUSSION 
 
This study explored the effects of academic risk 
factors on the enrollment of post-secondary 
institutions. While studying academically high-risk 
students, we paid special attention to the racial and 
linguistic minority students to suggest the empirical 
findings.  As a school intervention for those minority 
groups, we also examined those minority students’ 
mathematics course-taking for the preparation of 
post-secondary education. In our analysis, academic 
risk factors did not have a significant effect on hazard 
on the reference group, suggesting that academic risk 
factors did not affect whether and when White 
English-native students’ enrollment of a post-

secondary institution.  However, risk factors were 
significantly negative for Hispanic English-fluent and 
Asian English-native students, indicating that risk 
factors were associated with the entry of post-
secondary education negatively. The three-way 
interaction results confirmed the significant effects of 
advanced mathematics course-taking for the 
enrollment of post-secondary institution for the 
Hispanic English-fluent and the Asian English-native 
groups even after we considered the academic risk 
factor effect. This study is not without limits. Due to 
the scope of the study, we did not analyze the course 
offering by schools and limited our analysis to 
course-taking by students.  Therefore, we recommend 
future studies should consider school factors in the 
analytical models. Second, this study did not consider 
other extraneous effects from non-experimental 
designs. We also suggest that future studies should 
consider using propensity score matching to control 
for those unseen effects from the survey design.  
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